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To the Memory ofmy Father 



Preface 

There are few achievements of modern man which can compare to the Suez 
Canal. In Egypt-the land of the most famous wonders of antiquity-the Suez 
Canal was built as the first technical wonder ofthe industrial revolution. Ferdinand 
de Lesseps was a man straddling two epochs-the romantic utopism of Saint­
Simon and the modern world of technocracy. The gigantic project was at its start 
shouldered by the crowds of tens of thousands of forced laborers still available 
and ended as a show-piece for modern mechanical earth-moving techniques. 

The canal builders themselves were still polyhistors in the old sense: engineers­
cum-zoologists; naval officers-cum-geologists; diplomats meddling with chem­
istry. During the four generations of the existence of the Suez Canal, the fateful 
professional narrowmindedness became progressively worse. The engineers con­
tinued their work in and around the Canal, but they became oblivious and 
unresponsive to the environmental impact, to the fascinating changes in the biotic 
scenery which they were producing with their own hands. 

The Suez Canal started as an international enterprise, a center of preoccupation 
for the most enlightened minds ofthe mid 19th century. The same was true for the 
nascent study of marine biology. During the century which has since passed, 
however, the international commonwealth of scientific research has fallen apart, 
and the Suez Canal has become an increasingly coveted object in the international 
power struggle. The more the cannons roared, the more the muses of science fell 
silent. Once the center of the intellectual world, the Suez Canal has disappeared 
from the map of modern science. 

The biggest scientific enterprise carried out in the Suez Canal in this century was 
the Cambridge Expedition-a short research trip (some 2 months) of three young 
English scientists headed by H. Munro Fox (November-December 1924). The 
situation changed somewhat with the work of the first generation of local marine 
biologists-H. A. F. Gohar in Egypt and W. and H. Steinitz (father and son) in Israel. 

For an ephemerous moment in 1951, Gohar, Steinitz and two other promoters 
ofSuez Canal research, Kosswig and Tortonese, met in Istanbul under the auspices 
of UNESCO. Fifteen years later UNESCO tried to sponsor a regional meeting on 
the impact ofthe Suez Canal migration on the Mediterranean biota. The projected 
conference changed conveners and proposed meeting place from Cyprus to 
Dubrovnik until, in 1970, the plan was finally abandoned. 

In 1966, at the suggestion ofProfessor G. Thorson, Professor H. Munro-Fox 
asked Professor H. Steinitz and myself to write a review on migration through the 
Suez Canal. It is with a sense ofveneration towards my recently deceased teachers 
and colleagues that I have now carried out this project. It is also as a token of 
admiration to Ferdinand de Lesseps that I coined the term "Lessepsian migration" 
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for the outstandingly fascinating phenomenon ofthe invasion ofthe Mediterranean 
sea by the tropical Red Sea fauna and flora. 

This is a book for marine biologists. It is limited to the topic of Lessepsian 
migration itself, without attempting either to discuss the Suez Canal as an aquatic 
environment or to analyze the dynamic changes which have occurred in the Levant 
Basin of the Mediterranean. This would have been an impossible task, since the 
subject is still badly in need of advanced interdisciplinary methods of study, and is 
far beyond the scope of a one-man enterprise. 

This study is the fruit ofmy involvement with this subject over many years.1t is 
an effort to explain and forecast and is the expression of a humanistic approach in 
which geological and human history interweave with basic biogeography and a 
modern environmentalist approach. 

Many of the shortcomings of my single-handed efforts have been overcome 
thanks to the help of my colleagues. I am especia1ly grateful for the critical reading, 
typing, and checking ofMiss I. Ferber; for the opportunity given to me by the late 
Professor H. Steinitz and by Dr. W. Aron to extract the quintessence of seven years 
of research effort made by the team of the Hebrew University-Smithsonian Insti­
tution Joint Program, Biota of the Red Sea and Eastern Mediterranean; for the 
many pieces of information and advice amicably shared with me by, among others, 
Professor Al. Barash, Dr. R. H. Benson, Professor A. Ben-Tuvia, Professor B. Kimor, 
Dr. Y. Lipkin, Mr. O. H. Oren and Dr. I. Paperna; and fina1ly, for the manifold 
cooperation of scores of students and assistants who, by the very process of their 
learning, taught me too. Support from the Israel Academy of Sciences and 
Humanities is gratefully acknowledged. 

It is hoped that this book, a summary of the current thinking on this unique 
migrational process, will serve as a stepping stone for further research. 

Jerusalem, July 1978 F.D.POR 
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Conspectus 

1. "Lessepsian Migration" 

The reader should first be introduced to the te:r:m "Lessepsian migration", 
which is as yet of only limited circulation. The term was coined (Por, 1969 a, 
1971 b) when it became evident that the unidirectional migration of the Red Sea 
species to the Mediterranean via the Suez Canal is a unique phenomenon in 
modem biogeography. This uniqueness in the dimensions and directionality of 
the migration through the Suez Canal needed a short and diagnostic name. As 
such, "Lessepsian migration" is a phenomenon of unidirectional and successful 
biotic advance from the Red Sea to the Eastem Mediterranean. It does not 
inc1ude migrational happenings which occurred through passive transport to 
harbors far from the Canal; nor does it inc1ude the rather isolated cases of 
migration in the opposite sense: from the Mediterranean to the Red Sea. Finally, 
it does not inc1ude the many cases of migration into the Canal, though many of 
such species might be future Lessepsian migrants. 

2. The Structure of the Book 

Even with the limitations of the term "Lessepsian migration" as given above, 
the subject has to be treated in a fairly wide perspective: some biogeographic 
aspects have to be c1arified and the geological history of the faunal divide between 
the Mediterranean and the Indian Ocean has to be dealt with. Not only the 
marine coastal environments and the Suez Canal itself, but also the Levant Basin 
of the Mediterranean must be presented as the stage upon which the migrational 
happening is taking place; this inc1udes some lagoon environments which serve as 
terms of comparison. 

The book is subdivided into three main sections: the first deals with the 
geological-historical background, the second with the Suez Canal itself, and the 
third with the Lessepsian migrants in their new environment in the Medi­
terranean. Two fmal chapters deal with the cases of contrary migration ("anti­
Lessepsian migration"), and a comparison with other inter-oceanic canals and 
biotic exchanges. 
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3. A Preamble to the Conclusions 

The structure of the book as exposed above takes a somewhat meandering 
course and might therefore impose some difficulty on the less patient reader who 
is interested chiefly in grasping the conclusions of the work. We therefore give 
here a brief summary of the conclusions. 

1. The separation ofthe Atlantic biota from the Indo-Pacific biota is as old as 
the late Miocene, and the significance of Lessepsian migration as a contact estab­
lished after some ten millions of years is accordingly great. 

2. The key to an understanding of Lessepsian migration lies in the analysis of 
the Pleistocene adaptations ofthe Red Sea and Mediterranean biota, the environ­
mental conditions of the Suez Canal, primarily those of the Bitter Lakes and Lake 
Timsah, and also the diversity ofthe Eastern Mediterranean biota as a function of 
the present environmental conditions ofthis sea. 

3. The Suez Canal is, generaHy speaking, a metahaline-marine environment. 
Its biota has reached, during its hundred years' existence, a certain successional 
maturity with a high level of diversity. The Lessepsian migrants are, as a rule, 
recruited from among the Suez Canal biota. 

4. The Lessepsian migrants, assumed to number around 500 species, ofwhich 
over 200 are listed, are presently concentrated along the Levant Coasts. Fishes 
~lDd decapod crustaceans, as weH as a few moHuscs, have advanced beyond the 
limits of the Levant Basin. 

5. There are no signs of invasional population patterns (i.e. rapid build-up 
and then population crash), but rather of a gradual increase and advance as 
against an accommodation or withdrawal of local competing species. No evolu­
tionary changes of discernible dimensions are to be found as yet among the new 
settlers. 

6. There is no indication that Lessepsian migration is speeding up. It seems, 
rather, that the process tends to an asymptotic equilibrium. The effects of the 
cessation of the Nile flow are as yet uncertain. In the present geoclimatic episode 
the Lessepsian migrants are limited to the Levant Basin and the North African 
gulfs. 

7. Lessepsian migration is more similar to the postglacial faunal interchanges 
between the mediterranean sill-limited, seas than to the faunal movements (or lack 
ofmovements) through other existing interoceanic shipping canals. 

The reader who expects to find an analysis of Lessepsian migration along the 
lines of modem quantitative ecology will be disappointed. The dimensions of the 
phenomenon and the lack of uniformity of the available data are such as to make 
attempts of this kind impossible. Applying new research methods to Les~epsian 
migration will no doubt result in new insights in the future. But years will pass 
before sufficient specific cases from different taxa have been investigated; mean­
while, the existing data should be fuHy exploited to provide some working hy­
potheses for a process which commencedjust over one century ago. 



Dynamic Zoogeography 

Zoogeography, like paleontology and evolution research is a historical-de­
scriptive discipline. The conclusions are circumstantial and largely derived from 
comparative reasoning. In very few cases, and only at a microlevel, can the real 
dynamism be observed and hints be obtained of the deterministic network of the 
major, historical macrophenomena. In the modern man-molded ecosystems some 
evolutionary processes became accelerated and thus observable. However, with­
out being entirely artificial epiphenomena, the human-influenced happenings are 
to a large extent new events in an evolving biosphere. Animals are selected natu­
rally as well as artificially to coincide with the presence and needs of the human 
species. Animals preadapted or adapted to adventive spread as "camp followers", 
"hitch-hikers", etc., are the only ones which take advantage of human mobility. 
Lindroth (1956) draws a convincing picture ofthe set of adaptations which enable 
insects to cross the Atlantic from Europe to America as adventives on ships. A 
similar picture could probably also be drawn for the ecological valence which 
enables a marine organism to become an adventive diaspore on a ship's hull. To 
my knowledge, no listing of these qualities has ever been made. A fouling-cosmo~ 
polite is an animal with a sessile life, a nonspecific filter feeder, very adaptative 
in its reproduction requirements, euryhaline, resistant to current, and resistant to 
pollutants. 

All these characteristics ipso facto also guarantee the spread of the ship­
carried pioneers in their new environment, and ensure their competitive success 
against the local fauna. 

As with other shipping lanes, the Suez Canal also served to spread the adven­
tive marine fauna. There is no doubt that some of the well-known cosmopolitan 
fouling organisms of eastern origin such as M ercierella enigmatica (Polychaeta) 1 

and Elminius modestus (Cirripedia) took advantage of the short sailing time 
through the Suez Canal and thus succeeded in their advance. It has however, by 
no means been proved that the Suez Canal was the only or necessary way to 
spread them into the Western hemisphere. 

In the following treatment of Lessepsian migration I shall not consider the 
cosmopolitan fouling organisms. Their spread has nothing to do with the specific 
problem of Lessepsian migration. The emphasis williie on the natural dynamism 
of the spreading phenomena, someof which include, however, some passive 
dispersal. 

1 Zibrowius (1973) recently questioned the alleged worldwide distribution of this species. 
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In zoogeography, as weIl as evolution, there is a continuous flow of changes, 
but in the short human perspective only a small time-glimpse of the major unfold­
ing can be witnessed. Zoogeography is in a better situation than some of the 
related historico-evolutionary sciences: we are the witnesses of a major unsettling 
of the animal distribution owing to the Pleistocene glaciations. In the present 
period we are living through a warm interglacial with fauna gradually spreading 
back over the ice- and frost-damaged areas. Lindroth (1956) has described many 
cases of northward spread of animals into presently ice-free Scandinavia. Accord­
ing to Udvardy (1969, p.150): "Temperate and subpolar ecosystems were depleted 
by the recent, drastic glaciations, and have only recently begun their renewed 
evolution". This statement is true not only for the terrestrial fauna; a depletion 
and destruction ofbiota also occurred in the sea. 

Whereas in the open oceans the Pleistocene fluctuations caused mere ad­
vances and retreats, narrowing or widening of area, the situation was different in 
the inner, mediterranean basins such as the Mediterranean and Red Seas. Here 
the changes had zoogeographically defmed dimensions: whole series of species 
disappeared from a given marine basin and at present are gradually returning. 

Many data on this fluctuating dynamism of the Pleistocene mediterranean 
biota can be found in Segerstrale (1957), Mars (1963), Peres (1967), Pusanov 
(1967), and Por (1975a). These are slow decennial advances oflittoral species from 
the straits connecting with the open ocean inward into the mediterranean. For 
fish or plankton these are spotlike appearances of reproducing or metamorphos­
ing swarms within sterile or larval populations that enter the sea (Fig.1). 

In the mediterranean seas, depleted by Pleistocene temperature and salinity 
fluctuations, the resettling process is perhaps even more marked than in the 
terrestrial habitats. Repopulation proceeds only through the narrow Gibraltar or 
Bosphorus Straits and the gradient of advance is very near to linear. On the other 
hand, the far end of the mediterranean is a hermetically closed depauperation 
area, a cul de sac comparable only to such areas as the southern tip of South 
America (Darlington, 1959). In these marine cul de sacs-like the farthest Eastern 
Mediterranean or the Gulf of Bothnia-the influence of the most extremely ex­
pressed environmental fluctuation is complemented by a "distance and time bar­
rier" (Udvardy, 1969). The period of the Pleistocene fluctuation was in this case 
too short for the decennially spreading species to reach the far end of the Medi­
terranean. 

The fact that the Eastern Mediterranean and the Gulf of Suez of the Red Sea 
are cul de sacs oftwo mediterranean seas had, and still has a decisive influence on 
the quality and direction of the faunal interchange through the Suez Canal. This 
has already been emphasized by Ben-Tuvia (1966) and Por (1971 b) and will 
recurrently be discussed in the following chapters. 

The above-mentioned postglacial (or interglacial) faunal adjustments are 
small-step changes in which isolated species only are involved. Following Danser­
eau (1957) and Bänärescu and Bo~caiu (1973), the zoogeography should study the 
repartition and dynamics of whole communities and ecosystems, of "syntaxons" 
in their words. De Lattin (1967) also discussed Pleistocene movements in terms of 
relative, often antagonistic, movements of three basic terrestrial types of ecosys­
tems: the arboreal, the eremial and the oreo-tundral. These movements can be 
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Fig.l. Alternative pulsations of glacial versus interglacial faunal elements m the medi­
terranean seas (original) 

compared to the major faunal replacements of evolutionary history which, as a 
kind of "mesoevolution", form the connecting link between the small genetic 
adjustments at the species level and the large-scale typogenesis. There is no 
chance for a student of animal evolution to witness such a major faunal replace­
ment in oUf "noosophere", the human-dominated biosphere. 

In the field of zoogeography such chances are also reduced. However, some 
catastrophic or sudden events of major zoogeographie dimensions andjor dy­
namic speed could be studied. 

Perhaps the best-known case was that of the Krakatau explosion. As summed 
up by Dammerman (1948), the Indonesian island was entirely depopulated by a 
volcanic eruption in 1883. Since then repopulation has occurred with increasing 
speed, giving precious insights into the spreading and pioneering capacities of the 
terrestrial animals, the mechanism of colonization and establishment of ecosys­
temic interrelations. It is necessary to mention here that zoologists and botanists 
have not taken advantage of the opportunities offered by the Krakatau catas­
trophe. Despite the fact that the surrounding fauna was well-known and that 
perfeet experimental conditions existed in the form of the total barreness of 
Krakatau, the repopulation process was not followed in detail. The distances 
involved, the expeditionary conditions, the necessity of a coordinated research 
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work by many scientists, and, not least, the war and the political situation, are 
responsible for the partialloss of a great research opportunity. 

Krakatau-type catastrophes and repopulations have occurred repeatedly in 
geological history. Perhaps the most quoted case of a considerable geographie 
dimension was the lava extrusion ofthe Deccan traps in India (de Beaufort, 1951). 
Life was destroyed over a vast stretch of the Indian peninsula whieh consequently 
had to be repopulated from outside. 

Generally, however, such extreme annihilations are exceptions to the majority 
of zoogeographie redistributions. A distributional province, as a rule, supports a 
set of ecosystems and is separated by a barrier from another province occupied by 
a different set of ecosystems. If the barrier is nearly hermetie the zoogeographie 
pattern is stable, but as soon as the barrier breaks down, the ecosystems of the 
two previously separated provinces interpenetrate. The result is a major distribu­
tional happening which changes the zoogeographieal pattern of a given part of 
the globe. Barriers break down as a result of geologieal changes in the earth's 
crust, or major climatie or oceanie changes which modem mankind has no 
chance to witness. The artificial-or rather semi-artificial-opening of the Isth­
mus of Suez is the only example of a barrier breakdown whieh can be studied. 

There is a gradation in the degree of tightness of the zoogeographie barriers. 
According to Udvardy (1969, p.18), the topographie, physieal barriers "affeet 
most animals by their ecologieal unfitness to support the dispersing pioneers". 
This is the most impenetrable type ofbarrier and to this category belong the wide 
stretches of sea serving as barriers for the terrestrial faunas and the continental 
masses or isthmi serving as barriers for the marine faunas. In this sense, the 
Isthmus of Suez was perhaps one of the most hermetie barriers of the biosphere, 
despite its narrowness of only 162 km. The breakdown of a tight barrier rarely 
leads to a completely unhindered intermixing of the faunas on both sides of the 
old obstacle. This is especially the case when the barrier lies across a longitudinal­
radial pathway. The resulting "fusion faunas" are in Mayr's words (1965b) "par­
ticularly interesting as suitable material for the testing of zoogeographie meth­
ods". 

When a land bridge through the emerging Central Ameriean Isthmus was 
established between the two Americas, the faunal interchange was not unhin­
dered. Using Simpson's (1965) household word, a "filtrating bridge" resulted, 
whieh as a paraphrase to Udvardy (1969) is ecologieally able to support only 
some of the dispersing pioneers. The Suez Canal is an aquatie replica of the 
filtrating bridge: a "sieving funnel" through whieh certain taxa can pass whereas 
others are retained. 

The waters of the Suez Canal are not only a pathway through which dispers­
ing pioneers are funneled, but, as convincingly shown by Steinitz (1968), they are 
also a "habitat", an ecosystem in their own right. Por (1973c) has shown that the 
biotie assemblage of the Bitter Lakes-the main enviro'nment of the Suez Canal­
has progressed through typieal successional stages and reached a climax of its 
own. This is a good example of what Udvardy (1969) calls a "living environment 
barrier". In other words, the biotie associations themselves-being more or less 
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penetrable to eompeting immigrants-may serve as additional plugs in a funnel. 
For Udvardy, evidenee of this type of barrier is eireumstantial. In the ease of the 
Suez Canal, its role ean be better substantiated. 

The direetion of the movement through the zoogeographie pathways of the 
filtrating bridge is another problem. The interchange between two provinces is 
always unequal: the influenee of one provinee on the other is stronger; one taxon 
might spread better in one sense, another may be more suecessful in another. In 
the well-known ease of the two Americas the mammals of North Ameriea spread 
with numerous species over almost all of South Ameriea, whereas the mammals of 
South Ameriea had only a numerieally and geographica1ly limited sueeess in 
North Ameriea. The result was a predominant invasion ofthe Nearetie fauna into 
the Neotropie region. Darlington (1959) explains these one-sided invasions in 
general terms as the result of a eompetitive advantage of the dominant biota 
whieh evolved in the large zoogeographie unit (with warmer and more stable 
eonditions) over those ofthe small one (in this case the Darlingtonian Megagea). 

In the ease of the Suez Canal, the donor of alm ost all of the migrating species 
is the tropieal Indo-West-Paeifie region-the biggest and qualitative1y riehest of 
all the marine zoogeographieal regions. 

Following the work of Andrewartha and Bireh (1954), it is well aeeepted that 
every species has an "innate tendeney towards dispersal". Leston (1957) reiterates 
this notion and speaks of a specifie "spreading potential" of every animal family. 

The sueeess of a migrational advanee is not determined only by ability to 
jump the hurdles of the filtrating bridge but also by the ability to find a niehe in 
the new eeosystem, and to maintain it through sueeessful reproduetion. Many 
faetors and eomponents are eovered by the term "niche", but its aeeepted mean­
ing being an interspecifie web of relations, even if it is indireetly, though no less 
fatefully, determined by the abiotie eeologie valenees of the eompeting species. 

In the ease of the Lessepsian migration-unlike the example of Krakatau­
the new environment was not virgin and empty but inhabited by an eeosystem 
with a eertain amount of environmental resistanee and a limited seleetion of 
empty niehes. The phenomenon is further eharaeterized by the fact that not only a 
few hardy migrants erossed from the Red Sea to the Mediterranean, but hundreds 
of species, frequently perhaps whole seetions of an original food web; so that 
nothing like the Eltonian explosive populations of invaders eould be witnessed. 

Sinee the separation of the Mediterranean from the Indo-West-Paeifie is as 
old as the Miocene period, there were extremely few species pairs present on both 
sides of the Isthmus of Suez. This is abasie differenee from the ease of the 
geologieally mueh younger Central Ameriean Isthmus. Beeause of the lack of 
eongenerie pairs, there was and probably is no direet eompetition between ab­
origines and invaders. Following the more reeent statements of Schminke (1973), 
eongenerity means similar feeding meehanism and requirements. In the ease of 
Lessepsian migration, to the extent to whieh the presently reeognized taxonomie 
genera in different families are reliable, one eannot expeet many instanees of 
direet eompetition for the same position in the food web. 

The genetieally isolated emigrant diasporas, living under different abiotie and 
biotie surroundings, have most probably already started on the way to speciation. 
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Therefore, the Lessepsian migration may serve not only as an example of the 
establishment of a new zoogeographie provinee, but also of the evolutionary 
eonsequenee of this-the appearanee of vicariant (i. e. zoogeographieally replae­
ing) speeies whieh ean be monitored. 

The Lessepsian migrants are near-ideal eases for what Mayr (1965a) calls "pe­
ripheral isolates". These isolates, eonneeted to their parental populations only 
through the gene triekle via the narrow Suez Canal, are prone to undergo major 
eeologie shifts leading to speeiation. 



1. The Historical Background 

1.1 The Tethys and the Origins of the South West Asiatic Barrier 

In order to appreciate the subject of the present monograph, one needs an 
understanding of the historical perspective back to the time of the Tethys Sea. 
This might seem purely academic, but the worldwide circumtropical marine 
connection which ceased to exist about 12 million years ago is the methodological 
baseline for the marine zoogeographical processes in our area. 

The very existence of the question is based on two fundamental misunder­
standings: first, there never was a homogenous Tethys fauna at the species level 
which extended all around the tropical belt. Even in the "golden age" of the 
Tethys, there were well-established provinces with vicariant species within this 
belt. The second misunderstanding is related to the antiquity of the breakup of the 
Tethys and the extreme environmental changes which followed: there is abso­
lutely no possibility of any conspecific populations surviving in situ on both sides 
of the faunal divide of South West Asia. 

Nevertheless, the existence of"Tethys relicts" has time and again been accepted 
by different authors: Kosswig (1942), Tortonese (1951), Steinitz (1951), Ekman 
(1967), Klausewitz (1968), Kosswig (1967) and de Lattin (1967). Upon closer scru­
tiny ofthe articles by these authors, one fmds that there are actually no examples 
of conspecific relicts given, and so-called relicts are merely representatives of 
tropical genera still found today in the Mediterranean. 

Ekman (1967, p.88) states carefully: "As regards the Mediterranean, the term 
("Tethys relicts") should imply that the organisms in question owe their presence 
in this sea solely to the former extent of the Tethys Sea in the Mediterranean and 
that they cannot have died out there ... and afterwards migrated into it". Never­
theless, in the same paragraph it folIows: " ... The number of real Tethys relicts 
may, however, be not inconsiderable". 

Kosswig (1956, p. 86) states, concerning the Mediteranean: "There are grounds 
for supposing that the ancient tethic fauna has entirely disappeared ... ". However, 
the same author (1967, p.322) admits the possibility that the fish Aphanius dis­
par ... "left colonies behind it in Palestine during its retreat towards the Indian 
Ocean before the closing of the Mediterranean in the East". 

Let us now discuss the facts. A marine contact-ofthe Mediterranean with the 
central Indian Ocean existed through South West Asia and northern India until 
sometime in the first half of the Miocene (Fig.2). Even then, there were clear 
differences on the species level between the Mediterranean-South West Asiatic 



10 The Historical Background 

Fig.2. Approximate map of Tethys Sea in the Mediterranean and Red Sea area (original) 

portion and the Malayan portion. Adams (1967, p.213) who calls the Medi­
terranean region (only!) the "Tethyan region", states " ... the faunas ofthe Tethyan 
region and the Indo-Pacific have always been recognizably different in detail ... ". 
This author emphasizes that the faunal movements then were rather in the direc­
ti on from the Mediterranean to the Indo-Pacific, while the species of this latter 
region "were quite likely to remain restricted to the one province". The present­
day impressive westward expansion of the Indo-Pacific fauna would thus be a 
relatively new phenomenon. 

When and where did the closure ofthe Mediterranean towards the east occur? 
To geologists, the Mediterranean is something of a puzzle: "It has the physio­
graphie attributes of a small ocean; its underlying crust is transitional between 
continent and ocean, and its fauna is typical of that of a sea" (Benson and 
Sylvester-Bradley, 1971, p.63). There is no doubt that with the increased applica­
tion of the theory of plate-tectonics, the whole history of the Mediterranean will 
be better understood. 

The contact to the east was not through the present-day Red Sea graben. 
Nobody after Issel (1900) thought of an Indo-Pacific connection through the Nile 
valley. The concept of Hume (1916) and Beadnell (1924) that there was an inter­
mingling ofMediterranean and Indo-Pacific fauna in the Plio-Miocene of the Red 
Sea, is not supported by the new facts. 

Thus, the contact has to be sought in the east or north east. It is generally 
understood to be a "short way" contact through the Hathay-Euphrates divide of 
Syria-Mesopotamia. This was a contact already closed by the time of the Lower 
Miocene, according to Ruggieri (1967). The alternative contact through the 
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Caspian region was almost concomitantly obstructed according to Benson and 
Sylvester-Bradley (1971) by the "Paratethys", the inland sea stocked with brackish 
fauna. [The Paratethys was the first name for the semi-individualized northeastern 
brackish satellite sea ofthe Mediterranean, which evolved into the present Ponto­
Caspian, and it is not the correct name to describe the still tropical but already 
isolated Mediterranean of the Miocene-Pliocene, as used by Klausewitz (1968) 
and Tortonese (1969). The name "Palaeomediterranean" should be used instead 
for the newly separated, but still tropical, Mediterranean, whether mid-Miocene 
or Pliocene.] 

Adams (1967) criticizes the statement of Ekman (1967) that a considerable 
disorientation of the climate and the consequent dying out of tropical fauna had 
already occurred in the Mediterranean during the Miocene. Analysis by Reiss and 
Gvirtzman (1966a) ofthe Miocene Saqiye beds of Israel indicates a tropical reef 
fauna in the late Middle Miocene (Tortonian) and especially the presence of the 
tropical foraminiferan Barelis mela curdica (Reichei) (Reiss and Gvirtzman, 
1966 b). From the data of these authors and from the chronology given by Reiss 
(1968), it would seem that the tropical fauna in the eastern Mediterranean disap­
peared no earlier than seven million years aga with the start of the short Mes­
sinian period, considered as the Upper Miocene. Benson (in press, a) however, 
considers that there was no climatic change during the Upper Miocene. On the 
other hand, Benson (in press, b) assumes that a general lowering of the oceanic 
level occurred in the Tortonian (± 8 million years aga) probably isolating in part 
the Mediterranean from the Atlantic. Ruggieri (1967) was the first to suggest that 
towards the end ofthe Miocene, the Palaeomediterranean lost its contact with the 
Atlantic. The Mediterranean basin was transformed in aseries of brackish to 
hypersaline lagoons and it seems likely to this author that the marine Miocene 
fauna was totally destroyed (Fig. 3). This state, characterized by M elanapsis faunas 
in the western Mediterranean, would be contemporaneous with the Messinian 
(Upper Miocene) regression in the eastern Mediterranean (Reiss and Gvirtzman, 
1966a). This would have to be considered primarily as a result of the northward 
movement ofthe African block against Europe. 

The start of the Pliocene coincides, according to Ruggieri (1967), with the 
opening (or reopening) of the two straits between Atlantic and Mediterranean: 
the Betic and Rif straits. The Mediterranean was repopulated with marine fauna 
from the West African coast which was "probably the true asylum for the Indo­
Pacific relicts during the salinity crisis of the Upper Miocene" (Ruggieri, 1967, 
p. 286). If this theory is true, then there is no true Tethys relict in the Medi­
terranean. Several authors believe that some refugia of marine fauna might have 
been in existence nonetheless. Benson (in press, b) considers that only very eury­
haline species of the "Caspian" type could have survived. The latest data resulting 
from the Deep Sea Drilling Project (DSDP) in the Mediterranean indicate that by 
the end of the Miocene there was a long period of repeated "saline crises" and 
drying up of all of the Mediterranean. Nesteroff (1973 b) speaks of "periodic 
drying ... and transformation in aseries of basins": These periods, during which 
gypsum and evaporites accumulated, alternated with periods during which "these 
basins became again true seas". This epoch of alternating flooding and drying out 
is situated, according to Nesteroff, between 7.2 and 5.5 million years, in the 
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Fig. 3. Sketch map of late Miocene (Messinian) conditions in the Mediterranean and Red Sea 
area (original) 

Messinian period. Benson (1973), and Benson and Ruggieri (1974) add further 
micropalaeontological data concerning the Messinian salinity crisis and the Plio­
cene reopening ofthe Mediterranean to the world ocean. The ostracode Cyprideis 
pannonica is, according to these authors, a characteristic indicator species for the 
existence of a "lago-mare", a sea-Iake or several closed evaporative basins, in the 
Messinian Mediterranean. Of much interest to our subject is the fmding of C. 
pannonica in the co re of DSDP Site 120 in the area of Rhodes deep in the 
Levantine Basin. Lately, more sites with Cyprideis were found in the Eastern 
Mediterranean, and Benson (in press, b) considers that the whole Eastern Basin 
was under the influence of the brackish Paratethys. 

As a resuH, during the Late Miocene the whole Mediterranean was the site of 
saH swamp conditions reminiscent of the African "schotts" or the Arabian "sab­
khas". Layers of evaporative saH as thick as 2 km were left in the Mediterranean 
basin which was emptied by evaporation after having contact with the Atlantic 
(Hsu and Ryan, 1973). According to Benson and Ruggieri (1974), the start of the 
Pliocene is marked by the reopening of the Atlantic contact and the "extremely 
rapid, perhaps catastrophic" reestablishment of normal marine conditions. The 
authors consider this event to be contemporaneous with the Sphaeroidinella da­
tum, i.e. five million years ago. 

The "Senegalian fauna" of the tropical-subtropical West African coast is 
therefore the true offspring of the Tethys fauna which repopulated the Medi­
terranean in early Pliocene. This is also the recent opinion of Klausewitz (1973). 
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Fig.4. Sketch map of Early Pliocene deep-sea conditions in the Mediterranean and Red Sea 
area (original) 

This is an important point, since the West African tropical connections of the 
Mediterranean have been repeatedly, since then, the source of tropical-subtropi­
cal elements settling the Mediterranean. Even nowadays the gap between the two 
provinces is very smalI. It is generally admitted that the Mauritanian fauna, 
extending from Gibraltar to Cap Blanc [or the subtropical East Atlantic subre­
gion of Klausewitz (1968)] intergrades smoothly with the tropical Senegalian 
fauna which is fully established around the Cape Verde Islands. Tortonese (1973a, 
p.41) recognizes, following Maurin (1968), a small transitional "Saharian" region 
(between Cape Bojador and Cap Blanc) " ... where the fauna modifies gradually: 
the relative number oftemperate and tropical elements is changed in the favour of 
the latter". 

The early Pliocene, with open deep-sea connections to the Atlantic (Fig.4), 
was aperiod in which the Palaeomediterranean was chiefly inhabited by tropical­
subtropical east Atlantic immigrants. According to Blanc (1969, p.391): "The 
Pliocene fauna corresponds to that of a warm sea in which late Miocene species 
exist. .. 50% of the Pliocene species have actually disappeared ; some, however, 
still exist in the tropical environment of the west coast of Africa". Genera of 
tropical type (Clypeaster, Cypreacassis, etc.), are limited, however, to the Lower 
Pliocene. The extinction percentage of the molluscs-as compared with the pre­
sent fauna-increased rapidly from 40% in the Lower Pliocene to 75% at the end 
of the Pliocene (Ruggieri, 1967). Along the coast of Israel, the Lower Pliocene 
(Tabianian) was still characterized by some tropical molluscs such as Strombus 
coronatus, Mitra striatula, Cassis laevigata etc. The tropical elements disappeared 
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in the Middle Pliocene (Plaisancian) (Moshkovitz, 1963, 1968). For the end of the 
Pliocene, Reiss (1968) gives a radiometric date of nearly two million years (pre­
cisely 1.85) and states that the Plio-Pleistocene boundary in the Mediterranean, 
established by integrated analysis of multiple criteria, preceded the first major 
glaciation in the Mediterranean area by more than a million years. The end of the 
Pliocene must have been more or less contemporaneous with the establishment of 
the sill connection through the recent Gibraltar Straits and the transformation of 
the Paleomediterranean with its deep-sea connection into the present-day sill­
enc10sed Mediterranean (Benson and Sylvester-Bradley, 1971). This change set 
the scene for the Pleistocene environmental fluctuations ofthis sea. 

Much less is known about the Tertiary Red Sea. Nevertheless, events were 
probably far more simple in this rectilinear graben dominated by the effect of the 
Syro-African rift movement. In the Eocene, the Gulf of Suez was a southward 
extension of the Tethyian Mediterranean, similar to the gulf which extended 
further west into the future Nile valley. 

There is disagreement in the evaluation of the age of the last marine Medi­
terranean influence in the future Red Sea basin and also on whether the Medi­
terranean and Indo-Pacific faunas ever came to mingle there during the Miocene 
or Pliocene. 

Gohar (1954) assumes that the Paleomediterranean Gulf extended along the 
present-day Gulf of Suez, and further down approximately to the latitude of 
Qosseir. After a temporary loss of contact during the Oligocene, the graben was 
again flooded with Paleomediterranean water in the Miocene, a view accepted by 
Ekman (1967). Klausewitz (1960) considers that the connection was soon inter­
rupted and that the graben was filled in the Upper Miocene by an "immense 
inland sea". This lacustrine period is accepted also by Gohar (1954). Brackish 
water marls and gypsum in the graben are attributed to the Middle Miocene by 
Hume (1916) and Beadnell (1924). 

What happened subsequently is a matter of considerable dissent. The Red Sea 
of the Pliocene was, according to Gohar (1954), connected to the Mediterranean 
again but opened for the first time to the Indian Ocean, and consequently ac­
quired a mixed fauna. This conception was taken up by Fox (1926). Klausewitz 
(1960) extends this coexistence of both faunas to the Lower Pleistocene. Ekman 
(1967) sets the start of the faunal intermingling at the Middle Pliocene. All these 
judgments are probably based on the view that the "Ostrea-Pecten series" of 
Beadnell situated by the first author in the Mio-Pliocene and by the second in the 
Upper Miocene were considered remnants of a mixed fauna. Neumann (1966) 
writes that sediments along the Gulf of Suez show that the northem end of the 
Red Sea was open to the Mediterranean only until early Quatemary times. Cox 
(1929) and especially Moshkovitz (1968) consider that this is probably untrue and 
that the only marine influence after the Mid or Late Miocene inland lake was an 
Indo-Pacific one. Moshkovitz also uses the data of Goldberg (1963), from the 
Island of Tiran at the entrance of the Gulf of Aqaba. He states very categorically 
that: "In the end of the period of gypsum denosition, the opening of the Red Sea 
to the Indian Ocean occurred (probably in the Lower Pliocene) and Indo-Pacific 
fauna invaded. From this time up until now there was no renewed contact be­
tween the Red Sea and the Mediterranean. All the proofs for such a contact are 
more than scanty". Benson (personal communication) considers that all the 
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assumed Pliocene connections between the Mediterranean and the Northern Red 
Sea are based on misdated Miocene fossils. 

With the development of new coring techniques, evaporitic layers similar to 
those of the Mediterranean were discovered also in the Red Sea. In the Gulf of 
Suez (EI Morgan) this layer is 728 m thick, in the southern Red Sea it reaches 
nearly 4000 m (after Stoffers and Ross, 1974). The recent DSDP cores established 
that the Red Sea evaporitic layers are contemporaneous with those of the Medi­
terranean and are therefore Messinian (Fig.3). According to Stoffers and Kühn 
(1974), the Mediterranean and Red Sea had a common history and formed a 
continuous hydrographic system which went through periods of desiccation 
caused by the isolation from the Atlantic. Coleman (1974) also states that the 
Miocene marine invasion came from the Mediterranean. This situation of "sab­
kha"-like environments in the Red Sea was interrupted in the Late Miocene or 
very Early Pliocene when the Red Sea opened to the Indian Ocean and normal 
marine sediments were reported (Stoffers and Ross, 1974). The Pliocene opening 
of the proto-Bab el Mandab marked the start of the sea-floor spreading which 
formed the present rift of the Rea Sea. One could assume that the start of this 
considerable tectonic activity somehow closed the contact to the Mediterranean. 
Whitmarsh (1974), based on DSDP material, considers that any post-Miocene 
connections with the Mediterranean were short-lived. 

A last point needs to be discussed therefore, and this is the early history of the 
Isthmus of Suez, which probably appeared in the Upper Miocene. According to 
Picard (1943) and Swartz and Arden (1960), this was due to a tectonic upheaval. 
Moshkovitz (1968) makes a very important point when he calls attention to the 
fact that the Nile sediments, contributed very much to the closure of the Isthmus. 
Following the Upper Miocene upheaval of the Ethiopian Highlands, the Nile­
until then a relatively small river-started to carry huge quantities of silt suspen­
sions which coincided with the interruption of the contact between the Paleome­
diterranean and the Gulf of Suez branch. 

From this one may conclude that both the Mediterranean and the Red Selas 
underwent hypersaline to brackish periods during the Upper Miocene, which 
most probably exterminated preexistent fauna. The Paleomediterranean was re­
populated in the Pliocene with tropical West African elements, whereas the Red 
Sea received the ftrst influx of Indo-Paciftc fauna. 

The "totally dissimilar" [Ekman's (1967) quotation marks] fauna of the two 
seas before the opening of the Suez Canal in 1869, has its origins in a completely 
separate evolution from the Miocene onwards. The question as to why the high 
eustatic Pleistocene sea levels did not result in a "pre-Lessepsian" intermingling of 
the two faunas will be discussed in the next chapter. 

1.2 The Pleistocene of the Eastern Mediterranean 

Since at least the start of the Pleistocene [1.8 million years ago, Reiss (1968)], 
the Mediterranean ceased to be an environmental and faunistic whole. In the 
words ofMoshkovitz (1968) the Eastern Mediterranean and especially the Levant 
basin were a periphery of the Western Mediterranean. 
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Fig.5. Sketch map of glacial, low-eustatic sea level conditions in the Mediterranean and Red 
Sea area (original) 

Fig.6. Sketch map of interglacial, high-eustatic sea level conditions in the Mediterranean and 
Red Sea area (original) 
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For the duration of the Pleistocene there is no indication of a positive differ­
ence to be found in this region: out of the big diversity of Pleistocene molluscs 
there is no species peculiar to the eastern basin which cannot be found in the 
western one. On the contrary, there are many species which never reached the 
eastern basin. Other species, frequent in the west, appeared only episodically in 
the east. 

The Western Mediterranean-between Gibraltar and the Straits of Sicily-is 
the classical region in which the universal chronology of the marine Pleistocene 
has been established. Such terms as Calabrian, Sicilian, Tyrrhenian-indicating 
different levels reached by the eustatic movement of the sea level are in wide use 
today and authors like Zeuner (1959) and Fairbridge (1961) see in them a univer­
sal pattern. 

It is weIl accepted that during the glacial periods-with much water captured 
by the increased ice caps-the level of the world ocean was low, perhaps as low as 
- 200 m (Fig.5). On the contrary, during the interglacials with the melting of the 
caps, sea levels rose, reaching perhaps as much as + 100 m during the earliest of 
the three interglacials. It was expected that temperature fluctuations would be 
expressed jointly with the level fluctuations. This, however, is not the case for the 
Western Mediterranean; only the last interglacial high level (the Tyrrhenian 
sensu Blanc, 1969) and that of the two last interglacials (Tyrrhenian I and Ir as 
in Zeuner, 1959) show an influx ofwarm water-fauna (Fig. 6). 

Zeuner (1959) pointed out that the Pleistocene sea level fluctuations are devia­
tions in a general regressive trend which started with the great late Pliocene 
withdrawal of the sea. Other authors emphasize that fossil beaches found at high 
levels inland may be eustatic as weIl as "tectogenic", i.e. due to tectonic uplifts. 
This is the reason why a correlation between the fossil beach levels and the glacial 
stages cannot be seen until the great or second interglacial. The period since can 
reasonably weIl be assumed to be tectonically quiet, at least in this part of the 
world. 

Mars (1963) and Ruggieri (1967) emphasized for the first time that an inver­
sion of the currents in the straits of Gibraltar might be responsible for the appear­
ance or disappearance of cold-water or warm-water species coming into the 
Mediterranean (Fig. 7). During glacial periods, the water balance (runoff/evapora­
tion) was positive in the Mediterranean and therefore there was an outflow of 
surface water through the straits of Gibraltar and an inflow of deep Atlantic water 
over the sill. This inflow brought in the "Celtic" cold water elements (Mars and 
Picard, 1958) which characterize the Calabrian, Sicilian and Würm (last glacial) 
periods. In the interglacials, evaporation prevailed over runoff and therefore the 
currents at Gibraltar were reversed: the Atlantic inflow is at the surface and 
brings in warm-temperature and sub-tropical Atlantic species, whereas the out­
flow of Mediterranean water is over the sill. The cold-water Calabro-Sicilian 
species are therefore characteristic of deep water conditions, the subtropical Tyr­
rhenian species of shallow water conditions. Instead of strictly alternating they 
could therefore coexist-unless hydrographie conditions were too extreme; in­
deed they did so. 

In the Calabrian and Sicilian species there is a concomitance of "Celtic" 
moIluscs of the Arctica islandica association with Pliocene Paleomediterranean, 
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Fig. 7 a and b. Scheme of inversion of currents in Pleistocene Mediterranean (from Benson 
and Sylvester-Bradley, 1971) 

presumably warm-water species. Only after the "Pre-Tyrrhenian faunal break" 
(Zeuner, 1959) did the situation change. During the third (Riss) glaciation, or 
possibly during the second, the paleomediterraneans were exterminated. There­
fore in the following interglacial a warm-water fauna of different origin appeared. 
This was the typical Tyrrhenian fauna characterized by the snail Strombus bubon­
ius and its associates, which are today restricted to the "Senegalian" province, the 
subtropical shores ofWestern Africa. 

Turning now to the particular case of the Eastern Mediterranean, many ques­
tions must be raised. 

Zeuner (1959) found a nice sequence of high Pleistocene shorelines in Arabs 
Gulf, west of Alexandria: ten high beaches from 103 m to less than 5 m. High 
shorelines were found by Wetzel and Haller (1945), also in the Lebanon, as high as 
20 m. However it would be very risky to rely only on eustatic sea level fluctuations 
in this area. 

According to Blanc (1969), the tectonic rise of Rhodes occurred only in Post­
Calabrian times-towards the end of the Lower Pleistocene. The downthrust 
movements in the J ordan-Dead Sea Rift Valley were very active during the earlier 
stages of the Pleistocene. Reiss et al. (1971) admit a "further deepening of the 
warm sea" i.e. a tectonic movement as opposed to eustatic movement, as late as 
the last Glacial/post Glacial boundary, 12,000 years ago. 

Furthermore, it is difficult to correlate Eastern Mediterranean high shore 
levels with the historical phases ofthe Western Mediterranean, since the "Celtic" 
cold-water, or better, low salinity association is not represented in the Eastern 
Mediterranean. There is only one isolated find of Arctica islandica from Rhodes 
(Zaccaria, 1968). Chlamys septemradiata is known from the Aegean Sea (Mars and 
Picard, 1958) (Fig. 5). 

The Tyrrhenian warm-water complex is, however, better documented in the 
Eastern Mediterranean and Strombus bubonius was also found at Rosh Haniqra 
(Israel), at a + 5 m level (Moshkovitz, 1968) (Fig. 6). 



The Pleistocene of the Eastem Mediterranean 19 

Alternation of cool and warm conditions in the Eastern basin could be estab­
lished on grounds of sediment cores and analysis of the fossil planktonic forarnini­
feran shells (Parker, 1958; Reiss et al., 1971). The dating goes back to the Riss-Würm 
or last interglacial and a change from warm to cool and again to warm conditions 
could be proved-especially on grounds of the direction of coiling of the forami­
niferan Globigerina truncatulinoides. It was easier to synchronize the fluctuations 
ofthe planktonic foraminiferan assemblages between Eastern and Western Medi­
terranean than those of the benthic molluscs. This might be due to the recurrent 
near-isolation of the Eastern Mediterranean at the Straits of Sicily: such a semi­
isolation might have been very significant in hindering the eastward advance of a 
benthic assemblage, but of no significance for a planktonic population. 

Pfannenstiel (1960) considers that at a presumed Riss glacial sea level of 
- 200 m, the Straits of Sicily were only 300 m deep and a few km wide. F ollowing 
the results ofthe "Albatross" (in Petersson, 1957) Pfannenstiel reaches the conelu­
sion that at this time "the water exchange between the West and East Medi­
terranean was practically severed", and that the bottom underwent a stage of 
deficient oxygenation because of lack of exchange and the saline stratification of 
the Eastern basin. This stratification was due to the increased amount of run off 
during the glacial-pluvial period. In the subsequent Würm glacial, the sea level 
was at -90 m according to Pfannenstiel-and consequently the isolation of the 
Eastern basin must have been less extreme. 

With all these data in hand we can now return to the initial assumptions of 
Moshkovitz (1968) which opened this chapter. 

The course of Pleistocene events in the Eastern Mediterranean was different 
from that in the Western Mediterranean. This was a result of late tectonic activity 
and the intercalary obstacles for water exchange with the west, and eventually 
also ofthe changing runoffregime ofthe major fresh-water supplier, the Nile. The 
Eastern Mediterranean and especially the Levant basin were an impoverished 
appendix of the Mediterranean during the whole of the Pleistocene, more isolated 
from the ocean, with much more environmental instability, fluctuating salinity 
and oxygenation but always with high er temperatures than in the West. This is 
the reason why the only phase in which the faunal picture is homogenous over all 
the Mediterranean is the Tyrrhenian phase. Only then, for the first time since the 
late Pliocene, can we speak of an even faunal exchange between the two parts of 
the Mediterranean. 

But the Tyrrhenian elimax was upset by the Würm glacial. After its first part 
(Würm I) there was eventually an improvement and areturn to Tyrrhenian 
conditions: the Epi-Monastirian transgression of Zeuner found both in Arabs 
Gulf (Halig al Arab west of Alexandria) and the Lebanon at 4 m. But the last two 
glacial stadia (Würm 11 and III) followed elose one after another and the "Sene­
galian" molluscs characteristic of the Tyrrhenian phase disappeared. Peres (1967) 
suggests that some species characteristically found in the southern and eastern 
parts ofthe Mediterranean, such as the snails Fissurella nubecula, Cypraea lurida, 
Purpura haemastoma and Mitrafusca and the decapods Salmoneus jarli, Athanas 
amazone, Micropanope rujopunctata, Maja goltziana, and Pachygrapsus transver­
sus are relicts of the tropical West-African influx. These species are absent from the 
Western and Northern Mediterranean but known along the West-African sub-
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tropical and tropical coasts. This statement should find support in the fossil 
findings of the above-mentioned mollusc species. It seems obvious, however, that 
at least some of the "Senegalian" invaders could in fact survive the Würm glacial. 

There is alm ost no proven case in which a faunal addition from the nearby 
Red Sea occurred during the whole Pleistocene. If there were such immigrants, 
they left no traces in the fossil record. The chronically impoverished Eastern 
Mediterranean received its faunal supply exdusively from the west. The highest 
elevation on the Isthmus of Suez is only 23 m but one cannot exclude eustatic 
situations in which the Mediterranean communicated with the Red Sea. High 
shores at such altitudes are known both from Egypt and from the Lebanon. 
Fluviatile terraces of the Nile also indicate high Mediterranean levels. It will be 
necessary therefore to take a doser look at the Pleistocene of the Isthmus of Suez 
in order to und erstand why there is no sign of an interchange between the two 
seas at high eustatic levels. 

To conclude this chapter, however, emphasis must be laid on the fact that the 
"Lessepsian" period of the Mediterranean Quaternary-a period beginning with 
the opening of the Suez Canal-is the first and only phase in the whole Plio­
Pleistocene complex where a massive faunal inflow from the Indo-Pacific oc­
curred. The 45 1 species ofmolluscs which have already invaded the Eastem Medi­
terranean can give us a measure of the geological significance of this man-made 
dispersal event. Future geologists might look at it one day as areversal of a basic 
paleozoogeographic pattern perhaps as old as the whole of the Neogene Period, 
spanning not less than some 20 million years. 

1.3 The Pleistocene of the Red Sea 

The Red Sea, isolated from the Mediterranean at least since the earlier stages 
ofthe Pliocene, had an equally agitated Pleistocene history-along different lines, 
however. 

The movements wh ich led to the opening of the Red Sea Rift were especially 
active during the Pleistocene and for practical purposes they may be considered 
as still continuing. 

Friedman (1968) considers that along the Sinai coast of the Gulf of Aqaba 
some minor tectonic movements occurred as late as 5000 years ago. A raised coral 
reef near Elat was radiocarbon-dated to 4770± 140 years, (Friedman, 1968). 
H urne (1916) described raised Pleistocene coral reefs at an altitude of 200 m-much 
above any possible high eustatic terrace. The sequence of high and low eustatic 
levels, which is such a useful tool for understanding the Pleistocene history in the 
Mediterranean and elsewhere, is therefore of little use in the Red Sea. It can also 
be assumed that in the Straits of Bab el Mandab, which connect the Red Sea to 
the Indian Ocean, tectonic activity continued throughout the period and the 
depth and width of the sill area also changed. 

1 Note added in proof: More species are added to the-list by Barash,AI., Danin,Z.: Additions 
to the knowledge of Indo-Pacific Molusca in the Mediterranean. Conchiglie, Milano 
13 (5-6), 85-116 (1977). 
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When, about 30 years ago, the evidence for the important eustatic sea level 
fluctuations was generally accepted, conclusions for the Red Sea were immedi­
ately drawn. Sewell (1948) expressed the view that the sill (about 100 m deep) of 
the Hanish Islands (north ofBab el Mandab) was dry in glacial times and that the 
Red Sea became isolated from the Indian Ocean. Under such circumstances the 
author assumes that two hypersaline lakes were left in the basin and all the 
marine fauna died out. The Red Sea, according to Sewell, was repopulated with 
marine biota at the end of the Pleistocene. Klausewitz (1960, 1964) is inclined to 
consider complete annihilation of the fauna through interruption of the oceanic 
connections for the fIrst two glacial periods only, but does not exclude the possi­
bility of a late, Pleistocene reestablishment and permanence of the marine biota. 
Emeryet al. (1969) accept the fact that there were in the Pleistocene long periods 
"during which the Red Sea basin was occupied by a large isolated lake that 
underwent progressive evaporation". Emery and his co-authors consider that the 
leaking out ofthese brines, which were also probably sun-heated, gives the source 
for the hot brines which are reported from the depths of the Red Sea. Neumann 
(1966), however, is inclined to pI ace this brine basin in pre-Quatemary times. The 
latest data ofDSDP (see p.15) give full suppmt to this view. 

Gohar (1954) already expressed doubts regarding the hypersaline Pleistocene 
extermination of the Red Sea fauna, simply on the grounds that the sequence of 
the coral reefs does not show such an interruption. This author expresses his 
conviction that there was a "continuity of life in the Red Sea at least from the 
Pleistocene period until now". This seems to be true albeit in a much modrned 
version. 

Emiliani (1961) summarized the then-known data about the amplitude of 
Pleistocene climatic cycles at low latitudes. Based on 0 18 ratios in foraminiferan 
shells, he calculated glacial-interglacial temperature fluctuations of 7-8° C in the 
Caribbean and 3-4° C in the Equatorial Pacific. He also generalized on the work 
of several authors stating that at low latitudes the glacial climate was arid rather 
than "pluvial". 

A clear picture of the last 80,000 years of the Red Sea-i. e. from the Riss­
Würm Interglacial to recent times-was obtained by micropaleontologists study­
ing cores of the hot brine area. Hot brines of up to 56S C and a salinity of 257%0 
have been found at depths of approximately 2000 m around parallel 21°. Analysis 
of the cores did little to explain the origin of the hot activity. Nevertheless, the 
start of the hot extrusions could be set by Deuser and Degens (1969) at 11,000 
years BP (Before Present) and by Emery et al. (1969) at 12,000 BP. 

On the other hand the micropaleontological material collected in the deep 
cores of the "Chain" in the fall of 1966 gave a clear picture for the period extend­
ing from about 80,000 BP to the present. Of special importance were cores 118 K 
and 119 K in the hot brine area and core 154 P about 100 miles south. Coccolitho­
phorids, dinoflagellates, radiolarians, foraminiferans and pteropods were analyzed 
in the cores and the data have been summarized by Deuser and Degens (1969) and 
by Berggren (1969). Besides the radiocarbon dating, 0 18/0 16 ratios for paleo­
temperatures were analyzed as weIl as some microcbemical data. 

The results indicate that between 80-50,000 BP, aperiod roughly extending 
between the Riss-Würm or Eemian Interglacial and the early Würm or Plenigla-
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cial, surface water temperature probably varied between 21°-30° C, similar to 
present-day values in the area. In the two successive periods temperatures de­
creased until a minimum of 13°-14° C was reached for a short period between 
23,000-13,000 BP (Berggren, 1969). About 11-12,000 BP, an abrupt change in 
climate occurred, which led to "the general type of climate that persisted to the 
present time" (Deuser and Degens, 1969). 

The low temperature periods coincided with periods of lowered sea level or 
tectonic uplifts in the Southern Red Sea and during these periods the water 
exchange with the Indian Ocean diminished or even occasionally stopped. The 
response to that was increased salinity (measured by higher 0 18 content in the 
water) which, because of the lack of watersheds draining into the Red Sea, could 
not be diluted by the eventual increase in the amount of rains during the glacials. 

From the data of Butzer (1966) it appears that the glacial periods of the high 
latitudes were not necessarily accompanied by increased precipitations in the 
subtropical zone. The case of the present-day Persian Gulf, amply supplied with 
the fresh water of three big rivers at its far end-the Euphrates, Tigris, and 
Karun-but with open-sea salinity of around 40%0, shows that high evaporation 
and isolation from the open ocean are of overwhelming importance. 

There are no indications as to the amount of salinity increase. This has to be 
extrapolated from the alternation of stenohaline and euryhaline planktonic or­
ganisms. It seems likely that euryhalinity and eurythermy were the important 
survival factors during the changing oceanographic conditions ofthe Upper Pleis­
tocene. There are few indications that a true cold-water assemblage ever ap­
peared. Only for the coccolithophorids is there an indication (McIntyre, 1969) that 
during the height of the Pleniglacial (20-10,000 BP) cool-water species like U mbili­
cosphaera mirabilis and Cyclolithella annulus appeared. As for the salinity it 
reached such high values in late Würm that even the most euryhaline foramini­
ferid Globigerinoides ruber disappeared and the sediments were for a short period 
devoid of foraminiferida. However, the euryhaline pteropod Cresseis acicula sur­
vived even under these extreme conditions (Berggren and Boersma, 1969) indicat­
ing that conditions remained marine and did not deteriorate to those of a saline 
brine water (Fig. 8). 

Deuser and Degens (1969) emphasize the fact that during the brief disappear­
ance of the foraminiferids from the hot brine area, they did survive in the area of 
core 154 P, about 100 miles south of the hot brine hole. They assume that the 
increase in the salinity "was probably stronger the greater the distance from the 
Gulf of Aden". But since the periods of extreme environmental deviation favored 
the eurytopic neritic species, the distance from the shoreline also had a marked 
influence on the biological populations. 

It is interesting to remark (see Berggren, 1969) that the uplift of the coral reefs 
on the Island ofMuseri, dated at about 17,000 BP by Horowitz (1967), might be 
corroborated by the core data to show that tectonic movement was also responsi­
ble for the extreme isolation of the Red Sea about 20-15,000 years ago. 

The present situation was established about 12-11,000 years ago and since 
then the fauna has not shown show major oscillations (Fig.9). 

One should mention briefly that the relatively high percentage of endemic 
species of the Red Sea-siblings of ancestral Indian Ocean forms~an be ex-
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plained by survival under eonditions of near-isolation and the stress of extreme 
environmental fluetuations (Klausewitz, 1968; Por, 1973b). Aeeording to Klause­
witz, 10- 18% of the fish fauna is endemie and similar rates of endemism are 
reported for the Decapoda and Crinoidea. 

Ifwe eonsider that the gradient of inereasing salinities and deereasing temper­
at ures from Bab el Mandab to Suez whieh exists today was present and even more 
marked in extreme glacial eonditions, then we have to seek the representatives of 
the most adaptable fauna and flora in the Gulf of Suez (Por, 1973 b). Aeeording to 
Moreos (1970), salinity inereases by 4%0 for the 16° oflatitude ofthe main Red Sea 
and a further 2.5%0 (or even 3%0 mihi) for the 2° of latitude of the Gulf of Suez. 

Nothing preeise is known about the Pleistoeene history of the Gulf of Suez, a 
shallow (maximum depth 60 m) northern appendix of the Red Sea. Considering, 
however, the range of eustatic fluctuations, it is presumed that the whole of the 
Gulf was occasionally dry. At intermediary situations, the shallow sills which 
subdivide the Gulf into a number of basins might have isolated a number of 
highly saline basins. These have been hypothetieally drawn by Por (1971 b) and 
named "Bitter Lakes" since they must have resembled the situation of the recent 
Bitter Lake of the Isthmus of Suez as against the Gulf of Suez. But this point will 
be further developed in the following chapter. 

To conclude, it will be useful to quote Berggren (1969, p. 334) who wrote that 
the Red Sea "has shown itself to be an excellent 'laboratory' for the study of 
relatively rapid changes of short duration in the marine environment". 

Having evolved under such conditions and out of the great diversity of Indo­
Pacific biota, it is only natural to assume that the fauna and flora of the Red Sea 
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(especially of its northern part) became very adaptable and thus highly competi­
tive. This is one of the main reasons for its success in the encounter with the 
Mediterranean biota. 

1.4 The Pleistocene and Postpleistocene 
History of the Isthmus of Suez 

One ofthe most amazing aspects of the subject under study is the fact that an 
isthmus some 160 km wide with a maximum elevation of 23 m and built up 
entirely from sediments and sedimentary rock could act as a barrier between the 
Mediterranean and the Red Sea fauna for at least the whole of the Pleistocene and 
a considerable part of the Pliocene. At high eustatic sea levels one has to assurne 
that the Isthmus of Suez was flooded and a continuous aquatic connection existed 
between the Mediterranean and the Gulf of Suez. Conversely, at low eustatic 
levels, with the whole of the Gulf of Suez dry, at least an additional 250 km was 
added to the separating dry land. Nothing is known about tectonic movements in 
this area, which is unfortunate, since obviously a vertical change of even a few 
meters could be of considerable importance. On the other hand, if the Isthmus 
can be seen as a product ofthe depositional activity ofthe Nile, then the regime of 
this big river was of primordial importance in the history of the Isthmus. For 
example, increased depositional or erosional cycles played a major role. The 
present flood regime of the Nile was established around 12,500 BP (Fairbridge, 
1972). 

In fact, wh at is now considered the Isthmus of Suez is part of the old Delta of 
the Nile. As the main flow of the Nile gradually shifted from the Eastern Delta 
branches to the Western or Rosetta and Damietta branches, two old branches 
were gradually left dry by the river: the Wadi Tumilat branch, which flowed due 
east and emptied in the present Lake Timsah, and the Pelusian branch, which had 
anortheastern course and emptied in the Gulf of Tineh (Gulf of Pelusium) some 
30 km east of Port Said. The Sirbonic Lagoon (Sabkhat el Bardawil), which now 
occupies about 200 km of the north Sinai coast, was doubtlessly fed directly at 
times by Nile Delta waters. A third dried-up branch-the Tanitic branch­
opened in the area where Port Said stands today. 

One body of knowledge relates to the history of the Nile fluviatile regime. 
Butzer dedicated several writings (1951, 1959, 1966, 1971) to this subject. It ap­
pears that the high fluviatile terraces or the cutting in ofthe river were determined 
in the upstream region by changes in the amount of precipitation in the East­
African mountains and the changing connections with the tributaries, while in the 
downstream and delta region the main influence was that ofthe eustatic sea levels. 
Nile terraces indicate a + 35 m level in the Delta which Butzer assigns to the 
Tyrrhenian, and also a + 10-+ 15 m level which corresponds to the Second Tyr­
rhenian or Riss-Würm Interglacial. Of utmost importance to our subject is the 
finding of a + 11 m gravel terrace at el Abassa on the Wadi Tumilat Delta branch. 
One thus has to assurne that in the last interglacial the Isthmus was eventually 
covered by water to a depth of about 10 m. If, therefore, one can assume that 
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during the Mindel-Riss Interglacial the Isthmus was completely submerged 
( + 35 m !), in the Riss-Würm a narrow section of a few kilometers around EI Guisr 
and EI Ferdan (Km 64 to 72 of the Canal kilometer count) must have remained 
dry. Recently, and following other authors, Fairbridge (1972) concluded that the 
highest Mediterranean interglaciallevels might have been only around 20-30 m 
above the present main sea-Ievel. 

The drying-out of the Eastern Delta branches can be followed historically. 
Tbis is especially the case in the Pelusian branch. Judging from the history of the 
town of Pelusium (Tel Farama) situated at the opening of tbis branch to the 
Mediterranean, the branch must still have been flowing in the earlier Middle Ages 
or at least in Roman times (Sneh and Weissbrod, 1973). It still appears under the 
name ofBahr Beni Menaga in the data ofthe Arab geograph er Ibn Sirapiun. The 
branch of Wadi Tumilat served already in historical times only to carry the 
overflow of the Pelusian branch into Lake Timsah and the Bitter Lakes basins. 

The Tanitic branch probably disappeared earlier than the Pelusian one, but 
remnants of it still continued to carry Nile waters into Lake Menzaleh. It is 
interesting to mention that another important Nile branch, the Sebennitic branch, 
(which flowed exactly in a South-North direction) dried out in the time between 
the classical times and the Arab era. 

A second body of evidence results from the geological prospecting of the 
Isthmus by Fuchs (1878) in 1864-1865 and the study on the Pleistocene subfossil 
molluscs collected on the Isthmus by Issel (1869) and Fischer (1870). In the 
Pleistocene sediments ofthe Isthmus-prior to the flooding of the Suez Canal-a 
considerable number of recent species of molluscs was found (Fig.9). Three 
groups were recognized by the above authors: Red Sea species, Mediterranean 
species, and fluviatile, Nile River species. 

The Red Sea molluscs found were, among others, Strombus tricornis, Murex 
anguliferus, Fusinus marmoratus, Cerithium erythraeonense, Mactra olorina, Circe 
pectinata, and Ostreaforskalii. The Mediterranean species found were Purpura hae 
mastoma, Murex trunculus, Cerithium vulgatum, Donax venusta, and Ostrea edulis. 
The Nile species were Physa contorta, Vivipara unicolor, Spatha rubens, and Eth­
eria semilunata. 

These three fossil faunas are distributed as folIows: the Mediterranean species 
extend over the Isthmus southward to EI Firdan (about 64 km south of Port Said) 
among deposits of sand, sandy clay and gypsum. The Red Sea fauna extends 
northward from Suez to Kabrit, a distance of about 40 km. The central 60 km 
exhibit freshwater fauna or an interbedding of freshwater and Red Sea species. 

The sill of EI Guisr-at an elevation of 23 m-has freshwater deposits and a 
similar substrate is also found in most of the Lake Timsah area. However, as one 
advances south, the freshwater fauna is more and more interlaminated with an 
increasingly rich Red Sea fauna. The Red Sea fauna becomes dominant in the 
basin ofthe Great Bitter Lake and exclusive in the Little Bitter Lake. 

The most obvious interpretation ofthe Fuchs-Issel-Fischer findings would be 
that of a slightly more transgressive Mediterranean and Red Sea and an inter­
posed lagoon area with brackish stratification [fresh at the surface and marine on 
the bottom as suggested by W. Steinitz (1929)] in contact with the Red Sea 
(Fig.10). 
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The assumption of a Pleistocene strait-like contact between the two seas, 
leading through a brackish lagoon-like area, was first proposed by Vassel (pub­
lished in 1889) and accepted by Fuchs (1881) and by Keller (1882). These authors 
compare the hypothetical situation of the Isthmus of Suez with the Gulf of River 
Amur, the shallow Straits of Tartaria which separate the Island of Sakhalin from 
the Siberian mainland. These narrow straits receive the full load of the Amur 
freshwaters and become therefore a very effective barrier for faunal exchange 
between the Seas of Okhotsk and of Japan. 

In order to assume that the Isthmus area was flooded with Nile water, one has 
to accept that the eastern Nile branches were very active at those times. Tpe 
Pelusi~lll branch was carrying water until late Roman times (it is still mentioned 
by the historians Strabo and Diodorus Siculus, in the 1st Century A. D. and by 
the Arab geograph er Ibn Sirapiun. As for Wadi Tumilat, it carried water-possi­
bly through engineering maintenance-until the end of the 8th Century and even 
afterwards still brought Nile flood overflow to the Isthmus lakes. 

The +8 m deposits ofrecent type Red Sea molluscs found by Fuchs 5 km east 
of Kabrit on the Bitter Lake probably indicate an interstadial level during the 
Last Glacial. 

For the post-Glacial climatic optimum (the Atlantic optimum, called also the 
Flandrian transgression) Butzer (1959) indicates a +4 m level of the Medi­
terranean. This level existed, according to him, around 6000-5000 BP. It receded 
to + 2 m around 4500-3500 BP, and at this time the Mediterranean shore line was 
still over 50 km inland from its present stand at the farthest point of Lake Ballah. 
Considering that the ridge of Shallufa, which separates the Red Sea from the 
Bitter Lakes, is only + 3 m, there is considerable evidence that the Gulf of Suez 
transgressed in Flandrian-historical times over a stretch of some 70 km of the 
present Isthmus (Fig.l0). 

Krukenberg (1888a) maintains, based on data from Strabo, that at the time of 
the biblical exodus (13 th Century B.e.?) the Red Sea still reached the Serapeum, 
i.e. 58 km north ofits present shore, and that by 500 B.e. it still stood at Shallufa, 
12 km north of the town of Suez. 

It is also evident from Strabo's writings (1.3) that the recession of the waters 
from the Isthmus of Suez must have occurred in historical times. Strabo speaks of 
two possibilities: the increase in the width of the Isthmus which gradually sepa­
rates the "Egyptian" sea from the Red Sea, or the appearance of a connecting 
strait owing to the lowering of the Isthmus. 

The findings of Lesseps (1876a) who described an alternation of severallayers 
of salt and marI in the Bitter Lake deposits suggest that even after the interruption 
of the permanent contact with the Gulf of Suez, the basin of this lake received 
occasional floods from the Red Sea and from the Nile. 

Around 400 B.e. the Mediterranean reached, according to Butzer (1959), an 
extremely low level of - 2.50 m. Even if this figure seems too high, one cannot 
dismiss the fact that ruined towns of the Ptolemaic period (3rd-2nd Centuries B.e.) 
are some 2 m below the present level ofthe swamps in the area between the Canal 
and the Sirbonic lagoon (the Romani area). Contemporary hellenistic scientists of 
Alexandria, the famous opponents Eratosthenes and Hipparchus, discussed the 
role of land rising versus lowering in the genesis of the Isthmus of Suez, as weil as 
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Fig.lO. Isthmus ofSuez at the end ofFlandrian transgression (from Por, 1971 b) 

the reasons for the lack of tides in the Mediterranean versus the relatively high 
tides ofthe Gulf of Suez. The two seas must have been already separated at that 
time. 

The present level was reached relatively recently. According to Butzer (1959) 
this level was attained in the 2nd Century AD. Sneh et al. (1975) maintain that 
during the 1st Century AD. the Mediterranean shore was still up to 12 km inland 
in the area of Pelusium. Some of the Delta lakes-especially Lake Menzaleh­
through which the Suez Canal has been built, were flooded by the retuming 
Mediterranean only in 961 AD., according to the Arab encyclopedist Makhjumi 
(Butzer, 1959). 

On the "Weimar" map of 1424 the basin of the Bitter Lake does appear, but 
this might be an echo of Strabo's "Pikre Limne". Seetzen (1813) mentions seven 
lakes in the basin of the Bitter Lakes-"where the waters of the Nile might reach 
after heavy floods". Lake Timsah is reported by Schleiden (1858) to be completely 
filled up at high Nile floods and regularly carrying water in its northern part. 
Schleiden speaks also of the waters of the Ballah lagoon, an extension of Lake 
Menzaleh, which reached south to the Guisr ridge. 

The his tory of the water covering the Isthmus of Suez which I have just tried 
to reconstruct has, however, been complicated by repeated attempts to build 
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Fig.11. Old (artificial) canals built across the Isthmus of Suez (from Por, 1971 b) 

shipping canals across the Isthmus of Suez. As if trying to keep pace with the 
gradually widening gap between the two seas and to maintain by artificial means 
a navigational link which existed since memory, many of the strong rulers of 
Egypt made themselves known as canal builders (Fig. 11). 

According to Strabo the first artificial waterway was built by Sesostris 
(Ramses II) in the 13th Century B.e. and started near Arsinoe (Suez of today) "in 
that recess ofthe Arabian Gulfwhich penetrates into Egypt. Here are harbors and 
dwellings and several canals with lakes adjacent to them". The canal went north 
and then followed Wadi Tumilat to join the Pelusian branch of the Nile near the 
town of Phacusa. From there, the ships passed into the Mediterranean following 
the Nile branch to the port of Pelusium. 

In the 7th Century B.e., the pharaoh Necho made an attempt to reconstruct 
the canal which had probably fallen into disuse, but was afraid of the supposed 
sea-Ievel differences between the two seas and of the possibility of the Red Sea 
flooding Egypt. Darius the Persian ruler, was more courageous. He celebrated his 
reconstruction of the canal in the text of a stele on the western shore overlooking 
the Bitter Lake. It is interesting that Herodotus-although living earlier than 
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Strab~oes not mention the "Ramses" canal and starts the whole history of the 
waterway with Necho. 

According to Strabo, the voyage through the Isthmus took four days and the 
canal was broad enough to admit two triremes abreast-i.e. about 30-40 m broad 
[according to the dimensions of a Greek trireme given by Casson (1959)J. But the 
triremes had only about 1.5 to 2 m draught, thus the canal could have been very 
shallow. 

About three centuries later, Ptolemeus 11 Philadelphus rebuilt the canal and 
added a more direct, northern branch-similar to the modern Suez Canal-which 
led from Lake Timsah due north through Lake Ballah. By 24 B.C. this canal had 
also fallen into disuse. There are indications that Trajan rebuilt some sort of a 
canal, since through the Roman world his name became attached to the canal. 
Sneh et al. (1975) discovered an ancient canal, unmentioned in historical texts, 
which ran from Qantara to the town of Pelusium on the Mediterranean shore. 
These authors consider that the 2-3 m deep and 20 m broad canal pre-existed the 
Pelusiac delta branch which became active only in the 5th Century B.C. This 
canal might have been part of a trans-isthmian waterway, although Sneh et al. 
(1975) consider it more as a sort of strategical water barrier mentioned in the 
Bible as "Pi-Hirot" or "Shur". 

The last canal builder was the conquering Arab general Amru Ibn al Ass, who 
reopened the Wadi Tumilat connection for use in 640 A.D. The story goes that in 
the second half of the 8th Century Al Mansur ordered the canal to be mIed for 
political reasons. 

The last written record of navigation through the old canal comes from the 
Irish Abbott Fidelis (7th Century) who reports: "in naves in Nilo flumine, usque 
ad introitum maris Rubri navigaverunt" (Letronne, 1841). 

When Napoleon's engineers made the first measurements on the Isthmus in 
1798, they found the remnants of old canallocks 3 m above the present sea level. 
The engineering efforts of two millenia were thus concurrent with considerable 
sea-Ievel changes or tectonic uplifts. 

1.5 The Problem ofthe Pre-Lessepsian Migrants 
Through the Isthmus of Suez 

From all that has been said in the previous chapters, it becomes clear that the 
suspicion of a faunal interchange between the two seas, prior to 1869 which was 
the year of the opening of the Suez Canal, is justified. The suspicion could have 
been avoided ifwe had had complete floral and faunal records for the two seas by 
1869. But even now, more than a century later, the records are still incomplete! 

True, there is no indication of a pre-Lessepsian faunal interchange in the 
paleontological mollusc material, but this concerns only one animal group out of 
many. The micropaleontological material belongs to planktonic organisms which 
cannot give reliable paleo-distributional information in our case: circumtropical 
planktonic species could always use the "western way" (W. Steinitz, 1929) i.e. the 
Straits of Gibraltar, in order to resettle the Mediterranean. 
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The possibility of a western contact with the tropical West-African areas has 
also to be taken into account as a further complication. 

The following is a list of Mediterranean plants and animals of Indo-Pacific 
and Red Sea origins which at times and by different authors were suspected to be 
pre-Lessepsian migrants. 

1. Acanthophora Delilei (Algae) Aleem (1948), Gohar (1954) 
2. Halophila stipulacea (Cormophyta) Peres (1967); Por (1969 a) 
3. Ciripathes spiralis (Antipatharia) W. Steinitz (1929) 
4. Eurythoe complanata (Polychaeta) Fauvel (1955) 
5. Dasychone cingulata (Polychaeta) Fauvel (1955) 
6. Pinctada radiata (= Pteria occa) (Mollusca) Por (1972) 
7. Pirenella conica (Mollusca) W. Steinitz (1929) 
8. Gonodactylus chiragra (Stomatopoda) Krukenberg (1888a) 
9. Porcellana boscii (Decapoda) W. Steinitz (1929) 

10. 7halamita admete (Decapoda) W. Steinitz (1929) 
11. Scottolana longipes (Copepoda) Por and Marcus (1972) 
12. M etrocarpa nigrum (Ascidicea) Peres (1967); Por (1971 b) 
13. Hemiramphus picarti (Pis ces) W. Steinitz (1929) 
14. Liza carinata (Pis ces) Ben-Tuvia (personal communication) 
15. Leiognathus klunzingeri (Pis ces) Kosswig (1956) 
16. Aphanius dis par (Pisces) Kosswig (1967) 
17. Dugong dugon (Mammalia) Kingdon (1971). 

This is a motley list of plants and animals. Some are probably wrong records 
or misidentifications-as in the case of Gonodactylus chiragra-based on an uni­
dentified Mediterranean record by Heller (1863) and Krukenberg (1888), of Por­
cellana boscii, which according to Holthuis and Gottlieb (1958) is based on a 
doubtful record from the Aegaean Sea by Guerin-Meneville (1832), and the re­
cord of 7halamita admete made by the same author. Pinctada radiata, the little 
pearl oyster, is most probably circumtropical and H emiramphus picarti too. 
M etrocarpa nigrum could have reached the Tunisian coast where it lives, [rom the 
tropical Atlantic. The case of Halophila stipulacea has been submitted to serious 
doubts by Lipkin (1972b). Acanthophora Delilei is a case which has not been 
sufficiently proven and is based only on a short statement by Aleem (1948). 
Dasychone cingulata is, according to Fauvel (1955), very closely related to the Red 
Sea Dasychone lucculana and needs further clarification. Scottolana longipes has 
been considered as "pre-Lessepsian" only on the basis of its present huge popula­
tions along the Mediterranean coast of Israel, which for a meiobenthic organism 
would, in the view I earlier expressed (por, 1964) exclude arecent invasion. 
Leiognathus klunzingeri seems nevertheless to be anormal Lessepsian migrant. If 
the presence of Eurythoe complanata at Beirut-before the opening of the Suez 
Canal (Fauvel, 1955)-is a reliable fact, then this species would be a good case of a 
"pre-Lessepsian" migrant. However, this species is later characterized by Fishel­
son and Rullier (1969) as circumtropical. Some degree of uncertainty is related to 
the case of Dugong dugon, the Indo-Pacific sea cow, which is considered to have 
lived in the Eastern Mediterranean at the time of the Phoenician and classical 
Greek cuItures (Kingdon, 1971). 
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We come now to a very small group among the presumed pre-Lessepsians: 
Pirenella conica, Liza carinata, and Aphanius dispar, which are characteristically 
euryhaline and high-salinity resistant species. Pirenella conica is a species re­
stricted to the Southern Mediterranean shores and is probably identical with the 
Red Sea Pirenella cailliaudi. The case of Aphanius dispar has already been dis­
cussed above: this fish is capable of withstanding salinities of around 100%. It is, 
therefore, much more reasonable to consider it to be a more recent migrant into 
the Mediterranean rather than a Tethys re1ict. The grey mullet Liza carinata may 
also be able to resist high salinities but there is no reason not to inc1ude it also 
among the many recent Lessepsian migrants. 

Whereas in the case of Pirenella and Aphanius, their wide distribution in the 
Mediterranean prior to 1869 makes it necessary to consider them pre-Lessep­
sians, there is a certain number of species, besides Liza carinata, which might have 
come from the Red Sea and settled restricted lagoon areas along the Medi­
terranean even before the opening ofthe Suez Canal. The fauna of the hypersaline 
Sirbonic Lagoon (Sabkhat el Bardawil, Sinus Sirbonicus of the c1assical authors) 
gives some good examples of Red Sea species which can survive salinities such as 
probably existed in the lakes and pools of the Isthmus of Suez before the building 
of the Suez Canal. To our knowledge some of these species are still restricted to 
the Sirbonic Lagoon. The Sirbonic Lagoon will be treated in more detail below. 

There is, of course, a slight possibility that some species might have migrated 
into the Mediterranean during interglacial high eustatic levels and subsequently 
disappeared. This was suggested by some authors inc1uding Kosswig (1956) and 
Por (1971 b). However, there are no fossil proofs for this and every passing year of 
intensive research fails to supply any convincing evidence. 

At least for the period since the last Interglacial, some 100,000 years ago, there 
was no stenohaline marine contact through the Isthmus. There were short per iods 
of contact through the freshwaters of the Eastern branches of the Nile Delta. 
More frequent probably were the cases in which isolated hypersaline pools, left 
behind by a retreating sea-tongue or aspring flood or else an abundant Nile 
flood, could carry a certain fauna to survive till the next flood. In such short 
jumps some very euryhaline species could have spread over the chain of Isthmus 
lakes: the Bitter Lake, Lake Timsah, Lake Ballah, Lake Menzaleh, and the Sir­
bonic Lagoon. These basins have probably carried waters of some degree of 
hypersalinityall the time (see Seetzen's and Schleiden's information above). Lake 
Menzaleh was probably reduced to a few small salt pools until invaded by the sea 
in the Middle Ages, when it turned into a brackish basin. The Sirbonic Lagoon 
shows considerable changes of salinity if the bar-openings to the Mediterranean 
are open or silted. Both lagoons are indicative of the pre-Lessepsian conditions of 
the Isthmus water-bodies. 

Even when the c1assical shipping canals were functioning, shallow and narrow 
as they were (see above), they could not change the prevailing hydrographic 
conditions of the Isthmus lakes: hypersalinity in normal years and occasional 
flooding by Nile waters. The shipping canals,- with a possible short exception 
during the Ptolemy per iod, always led through the Tumilat-Pelusium way, i.e. 
through the freshwaters ofthe Nile. 
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Under such conditions only a few estuarine species would be able to survive 
and advance. Some of them-like the barnacle Balanus amphitrite, or species of 
the isopod genus Sphaeroma-are so widespread that it is hard to say which way 
they invaded the Isthmus: from the Red Sea or from the Mediteranean. It is 
interesting in this respect to quote Keller (1882) who states that: "Sphaeroma 
serrata ... vielleicht nebst anderen (our italics) sich schon vor Eröffnung des heuti­
gen Suez Kanals in den salzigen Tümpeln auf dem Isthmus vorfanden". Accord­
ing to Glynn (1972), there are actually three species of euryhaline isopods of this 
category in the Canal: Sphaeroma serratum, S. walkeri, and Cymodoce truncata. 

In some species the direction of migration is clear, as in the case of Pirenella 
conica. There is also a clear-cut case of a euryhaline bivalve Cerastoderma glaucum 
( = Cardium edule) which came from the Mediterranean, and, before the cutting 
of the Canal, succeeded in spreading as far as the northernmost end of the Gulf of 
Suez (see W. Steinitz, 1929). 

In two previous papers (Por, 1971 a, b) I proposed the term "Isthmus Fauna" 
for this particular euryhaline fauna, the migrational movements of which might 
have preceded the Lessepsian canal. 

Riemann and Rachor (1972, p.185) have recently added some nematode spe­
eies to the list of the Isthmus fauna. They write: "Diese Arten können Reste einer 
alten Bittersee Fauna repräsentieren, die bereits vor der Öffnung des Kanals 
bestand". Por and Marcus (1972) also added several species to the presumed list of 
the Isthmus fauna. 

The list of the species tentatively considered to belong to the Isthmus fauna is 
as follows: 

Nematoda: 

Polychaeta: 
Copepoda: 

Ostracoda: 

Cirripedia: 
Isopoda: 

1heristusjlavensis "Gruppe" (Sensu Riemann and Rachor) 
1heristus oxycerca 
Oncholaimus oxyuris 
Syringolaimus striatocaudatus? 
Spilophorella paradoxa? 
Ptycholaimellus ponticus ? 
Augeneriella lagunari 
Canuella perplexa 
Canuellina insignis 
Robertsonia salsa 
Nitocra spinnipes o.rientalis 
Nitocra affinis 
Heterolaophonte quinquespinosa (nec Paralaophonte, Por, 1973a) 
N eocyclops salinarum 
Pseudodiaptomus salinus 
Cyprideis torosa 
Aglaiocypris sp. 
Balanus amphitrite communis 
Sphaeroma serratum 
Sphaeroma walkeri 
Cymodoce truncata 
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Cerastoderma glaucum ( = Cardium edule) 
Pirenella conica ( = P. cailliaudi) 
M actra olorina? 
Brachidontes variabilis ? 

Pis ces : Aphanius dispar 
Liza carina ta ? 
Liza aurata? 

Another addition to this list may eventually be the serranide fish Crenidens 
crenidens, known from saline lagoons on both sides of the Isthmus. A comparison 
of the parasitofauna in the Mediterranean and Red Sea populations of this fish 
(Papema, 1972d) has shown it to be complete1y different. The two populations were 
thus probably isolated for aperiod longer than one century and therefore C. 
crenidens might also be considered as a pre-Lessepsian migrant from the Red Sea. 
It was already reported in 1882 from Lake Menzaleh by Keller. 

It seems thus fairly convincing that the pre-Lessepsian movements across the 
Isthmus were restricted to euryhaline lagoon species which, even if they emerged 
on the other side, remained more or less restricted to the neighboring shores and 
lagoons. 

There is, of course, also the possibility that Egyptian or Greek craft of classical 
times, crossing from one sea into the other, may have carried some fouling organ­
isms or other adventives. The cases of Halophila, Pinctada, Metrocarpa (see p. 31) 
might perhaps be explained in this mann er. Lipkin (1972a, 1975) upholds a 
different view: Halophila could easily be transported by ships through the modern 
Suez Canal, but he excludes for some reason the possibility of a pre-Lessepsian 
event. 

Last but not least, the sea cow Dugong dugon was a cultic animal; as for 
instance, ofthe Philistine goddess Derketo. An artificial colonization of this ani­
mal in the Mediterranean cannot be entire1y ruled out. 

1.6 The Sirbonic Lagoon (Sabkhat el Bardawil) 

M uch of the northern coast of Sinai is occupied by a large lagoon known to 
the classical geographers as "Sirbonis Limne" or "Sinus Sirbonius", mentioned by 
Schleiden (1858) as "Sirbonissee" and named by the Arabs "Sabkhat e1 Bardawil". 
Most of the authors use this last name or the name "Bardawil Lagoon". There is 
no reason, however, to discard the old name of Sirbonis. 

The Sirbonis occupies an area of 650 km2 , 30 km east of Port Said to 20 km 
west of the town of EI Arish. It is on the average 10 km wide, but at one point 
(Mitzfaq or Nahal Yam) the width is 22 km. The lagoon is separated from the 
sea by a narrow, low sand bar. At only one point, Mons Cassius (Ras Burun or EI 
KaIs), does the bar rise to a height of 5 m. Depth in the Sirbonis nowhere exceeds 
1.5 m, and there are many areas where the water is less than 1 m deep. There is 
only one natural and more or less permanent opening to the sea, at the far-eastern 
end of the lagoon-the Boghaz Zarniq. A second such opening appears on the 
maps, somewhat more to the west. Since 1927 (Ben-Tuvia and Herman, 1972), two 
artificial openings have been established in order to decrease the salinity in the 
lagoon and allow the annual immigration of commercial fish. The two artificial 
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openings respectively designated as Boghaz 1 and Boghaz 2 are marked on the 
map in Figure 12. 

It seems that before 1927 the whole basin was a "Sabkha" (meaning in Arabic 
a "salt swamp"). During the winter storms, the gales flooded the swamp (as they 
do today) and towards the summer the whole area or the majority of it evapo­
rated and turned into a "playa". Before the building of the Suez Canal, which cuts 
through Lake Menzaleh between two earthen banks, the waters of this lake 
probably communicated at high Nile floods with the Sirbonis. It can be presumed 
that the basin became areal lagoon several times during the centuries, carrying 
water all the year round. It is of interest to give at some length the references of 
Strabo (1st Century of Christian Era) to the Sirbonis. In his words "when the sea 
retired, these regions (northern Egypt, author's note) remained bare except that 
the Lake Sirbonis remained; then the lake also broke through to the sea and thus 
became a bog" (1, 50). In V olume XVI, 760, Strabo gives the dimensions of the 
lake: 200 stadia in length and 60 stadia maximum breadth, i.e. some 34 km by 11 
km, one-third of the present length and half of the present maximum width. The 
lake communicated with the sea through an opening called Ecregma ("the out­
break") somewhat east of Mons Cassius. But in Strabo's time "the Ecregma has 
become filled up with earth". At the time of Plinius, about half a century after 
Strabo, the "Sirbonis Lacus" was already a medium-sized marsh lake ["nunc est 
palus modica" (5, 68)]. Both Strabo and Diodorus of Sicily reported occasional 
gales invading the Sirbonis from the sea. 

On several old maps such as the 15th Century Weimar map, the 16th Century 
map of Tileman Stella and the 18th Century map of Tirion and Loveringh in 
Amsterdam, there appears adefinite gulf, called even on the earlier map "Sirbonis 
Lacus". 

Schleiden (1858) used the example of the Sirbonic lake to predict that a future 
canal through the isthmus would similarly be clogged by sand. In short, condi­
tions in the Sirbonis were not different from the present ones, at least for the last 
two millenia: temporary contact with the sea and successive periods of isolation 
with occasional storm gales flooding the marshes. 

The Sirbonis is the best actualistic example of an old isthmic hypersaline basin 
which existed prior to the building ofthe Suez Canal. For this reason, a chapter in 
this book is dedicated to the Sirbonis. 

Nothing was known in the scientific literature concerning the hydrography 
and the biota of the Sirbonis before 1967. In 1967 the lagoon was in contact with 
the sea through three openings. The main opening was closed by sediment during 
1969-1970 and only in 1971 was the opening again established and deepened, and 
former conditions returned. Therefore, on a short time-scale, one could follow to 
some extent the presumably normal and cyclic changes in the Sirbonis. 

Salinity data are based on Oren (unpublished) Ben-Yami (unpublished), and 
Roth (1972,1973). The main sea water influx occurs through Boghaz 1 in the west 
and the other openings are chiefly outlets. Lowest salinities are near the openings 
and they increase southward to Mitzfaq or towards_ the dead waters in the gulf or 
the isolated pools. The annual range of fluctuation is 10-20%0 with a peak in 
September-October and a low in March-April (Por, 1971a) (Fig. 12a, b). Absolute 
values fluctuate geographically and seasonally between 40-73%0 (Roth, 1973). 
When the western opening was closed in the summer of 1970 the salinity in most 
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ofthe lagoon was 80-95%0. In some remote areas it exceeded even 100%0. With the 
reopening ofBoghaz 1 in August 1971 the salinity became "normal" again. 

Summer temperatures may exceed 30° C but, owing to the shallowness, O2 

content never decreases below 80% saturation (Roth, 1973). Nitrate and silica 
contents seem to be higher than in the open sea (in a yearly average), whereas no 
difference is found in phosphate values (Roth, 1973). 

The flora and fauna of the Sirbonis are qualitatively poor, showing a drastic 
impoverishment from the openings inwards. Knowledge is still at a preliminary 
stage and only fishes and benthic copepods were studied in detail (Por, 1972; Ben­
Tuvia and Herman, 1973). There is, however, a general knowledge of the main 
benthicorganisms (Por, 1971 b, 1973a; Ehrlich, 1975a); and ofthe dominant plank­
ton (Kimor and Berdugo, 1969). Some further organisms were identified: the 
sabellid polychaete Augeneriella lagunari by Gitay (1970), some of the plants by 
Lipkin (unpublished), molluscs by Barash and Danin (1972) and the chironomid 
Cricotopus mediterraneus by Margalit (unpublished). 

In the plankton, Kimor and Berdugo (1969) recognize several species of Dia­
tomacea among them Synedra hennedyana, S. gailloni, and S. undulata. The species 
Campylostylus striatus is found in high-salinity areas of over 70%0; it has also been 
reported from salt springs of the Dead Sea area. There are three species of Cera­
tium-all of them euryhaline neritic species also known from Suez Canal waters. 
There are three species of Tintinnoidea: Tzntinnopsis radix, T. beroidea, and Fa­
vella campanula. The first two are of Red Sea origin and Kimor and Berdugo 
(1969) write concerning the third: " ... it may subsist though not thrive in the 
hypersaline lagoon". The planktonic copepods so far identified are the euryhaline 
species Euterpina acutifi"ons, Acartia clausi, and A. latisetosa. The two latter spe­
cies are known from the Suez Canal. Most interesting is the presence of the 
cladoceran Bosmina coregoni maritima-unknown in the Eastern Mediterranean 
area except the Sirbonis and the Suez Canal (Kimor, 1972). Artemia salina lives 
only in some hypersaline pools isolated from the main body of the lagoon (Por, 
1972). 

The Diatomacea of the benthos are very diversified, and according to Ehrlich 
(1975a) they fall into three categories: (1) the stenohaline marine species are con­
centrated around the openings and do not live beyond salinities of about 40%0; 
(2) euryhaline marine species are distributed to a salinity limit of 60%0; and (3) the 
holeuryhaline diatoms, of continental origins, are found all over the lagoon and 
become dominant to exclusive at salinities above 60%0. In dead assemblages 
collected in 1970, the year ofmaximum salinity due to the closure of the openings, 
the euryhalines dominated the lagoon (Ehrlich, 1975a). This author lists 147 
species and varieties of diatoms; however, only some 15 species represent the 
dominant euryhaline assemblage. 

This picture is very similar to that found in the benthic Copepoda (Por, 
1973 a), although this study was carried out in 1970 when salinity was high and 
some of the salinity limits observed represented possibly sub optimal circum­
stances. From among the 15 species found, seven species advanced only as far as 
salinity values of 45%0. A second group consisting of four species survive to values 
of 65-70%0. Two species of marine origin are found up to 85%0, namely the 
harpacticoids Robertsonia salsa and Heterolaophonte quinquespinosa. At salinities 
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over 90%0, a marine cyc1opoid N eocyclops salinarum meets two euryhaline har­
pacticoids of continental origins, N itocra lacustris and Cletocamptus conjluens. It 
is of considerable interest that 12 of the 15 species are also known from the Suez 
Canal and its surroundings. Six species are of Red Sea origin and one or two 
additional species, although possibly circumtropical, also came by way of the 
Canal (Por, 1973a). 

No other group ofthe zoobenthos has been analyzed in detail. There are two 
euryhaline ostracods (Cyprideis torosa and Aglaiella sp.), many nematodes, a wa­
termite, and one or two species of mysids. The larva of the chironomide Cricoto­
pus mediterraneus reaches predominance at high salinities (around 60-70%0) and is 
an important food basis for some fishes (Ben-Tuvia and Herman, 1972). 

The macrobenthos is excessively poor. The only macrophyte is the flowering 
plant Ruppia ovalis. On the plants are rich epiphytic growths of Cladophora sp. 
(Lipkin, unpublished). This last species developed especially during the high salin­
ity years of the c10sure of the openings (Ben Tuvia and Herman, 1972). Only five 
species of mollusc are reported, namely Cerithium scabridum, Pirenella conica (or 
P. cailliaudi), Cerastoderma glaucum, M actra olorina, and Brachidontes variabilis. 
The first four species live on level bottoms, B. variabilis on wooden piers and 
poles. It is interesting to note that this litde mussel can be found even at a salinity 
of70%0. 

An unidentified hydrozoan and the sabelIid polychaete Augeneriella lagunari 
live on the Ruppia sterns. Balanus amphitrite accompanies Brachidontes on the 
wooden structures. A Sphaeroma sp. seems to be the only type of isopod present. 

The migratory element, reproducing in the open sea and entering the lagoon 
for a certain period, is represented among decapods and fishes. The shrimp M eta­
peneus stebbingi is a widespread species, but according to Tendler (1972) in the 
high salinity year of 1970 it was relatively rare at 60%0. The swimming crab 
Charybdis sp. was also reported. 

A total of 41 species of fish have been reported from the lagoon by Ben-Tuvia 
and Herman (1972). This number increased to 65 (Ben-Tuvia, 1975b). Only Aphan­
ius dispar reproduces in the lagoon and survives at salinities over 70%0. The other 
species probably only feed in the lagoon. The most important commercial fish, 
Sparus aurata, was introduced from the Lagoon of Venice by Italian fishermen 
(Ben-Tuvia, personal communication). The estuarine fishes predorninate: Dicen­
trarchus labrax and D. punctatus, six species of grey mullet, among them the Red 
Sea Liza carinata, the atherinids Atherina mochon (Mediterranean) and Pranesus 
pinguis (Red Sea), the Mediterranean goby Pomatoschistus marmoratus, the Red 
Sea Sparidae Crenidens crenidens, etc. It is interesting to note that the fishes of 
Red Sea origin constitute 25% of the species in the Sirbonis, whereas in the open 
Mediterranean they constitute only 10% (Ben-Tuvia, 1975b). 

In conc1usion, the relevance ofthe study ofthe Sirbonic Lagoon (or Bardawil 
Lagoon) for the Lessepsian migration, can be summarized as folIows: 

1. The flora and fauna of the Sirbonis may serve as a model for an Isthmian, 
pre-Lessepsian saline waterbody, especially in its periods of isolation from the sea. 

2. The wide range ofhigh salinities in the lagoon, once renewed contact to the 
sea is established, give excellent opportunities for a model of the first stages of the 
invasion of the Suez Canal when salinity was still high. 



2. The Suez Canal 

2.1 The Building of the Canal, Its Physical Features 

When the first spades struck the Isthmus in 1859, many preliminary measure­
ments had already been made and the international discussion about the feasibil­
ity and the future ofthe Canal was already centuries old. 

After the closure of the old canal in the 8th Century, several plans were aired 
to reconstruct the old waterway. There were plans made in Venice around 1500, 
and the German philosopher Leibniz, in a memorandum called "Consilium Ae­
gyptiacum" (1671) proposed the building ofthe Canal to Louis XIV. At the same 
time there was a permanent and lingering fear that if a canal were built the Red 
Sea might flood the lowlands of the Nile Delta. This assumption which survived 
over the centuries is also found in Strabo's account of the old canal project. 

J ames Capper in 1783 wrote: "If the canal was to be supplied with water from 
the Red Sea an extraordinary spring tide or storm might have ... overflowed lower 
Egypt so as to render it a mere salt water lake". Despite all this, many enlightened 
minds in Europe among them Goethe and the young general Napoleon continued 
to play with the idea of rebuilding the canal. During his Egyptian campaign (1789) 
Napoleon rode with a small escort to Suez to visit the remnants of the old canal. 
Even in his last years on St. Helena he wrote enthusiastically about the Canal 
project. He charged the engineer Le Pere with the task of investigating the 
problem of the differences in the level of the two seas. Le Pere reached the 
conclusion that at high tide the Red Sea is about 10 m higher than the Medi­
terranean. Although the English surveyor Captain F. R. Chesney corrected the 
measurements in 1830, it took an international team ofthree engineers, headed by 
the Austrian Nigrelli, to establish defmitively that the maximum difference at very 
high tides in the Gulf of Suez is only about 1.30-1.50 m. This difference between 
the tide of the Red Sea and the practically tideless Mediterranean is just enough 
to create strong tidal streams in the southern part of the Suez Canal and to 
contribute to a northward flow in the northern part ofthe Canal. Actually, the sea 
level at Suez may sometimes reach more than 2 m over that of the Mediterranean. 

Schleiden (1858) mentions for the first time the fears that the proposed canal 
would soon be obstructed by blown-in sand. Ferdinand de Lesseps (1873) tried to 
refute this fear along with the prognosis of an evaporative drying-out of the 
Canal. He took these risks, along with many others, and made his achievment 
also an example of personal daring (Fig.13). The sanding-in of the Canal was still 
considered as areal danger when the Canal was closed and not maintained 
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Fig. 14. SateIIite picture of Nile Delta with Suez CanaI in background (Gemini IV; 
courtesy NASA) 

between 1967-1974. Although the data are not complete and finally proven, it 
seems that the changes of depth which occurred in the Canal during these years 
do not indieate a silting up. It took much arguing and political maneuvering for 
de Lesseps to obtain his final charter: the British opposing the Canal and using 
the technical authority of W. Stephenson, the French using all the technico­
romantic enthusiasm of the Saint Simonians (the "possibilistes" and the "canal­
istes"). 

In the following pages a few te.chnical data about the Canal will be given, but 
no complete topographie and physical description of the Canal (Figs.14 and 15, 
Map 1). 

A total of 75 million m3 were excavated by 1869. The totallength of the Canal 
is now 162.5 km. To that must be added the western pier of the harbor of Port 
Said, which has been built 6.5 km out into the Mediterranean, while the eastern 
jetty of Port Said is only 2.5 km long (Fig.16). A jetty approximately 2 km long 
exists at Port Ibrahim at the Gulf of Suez (southern) end ofthe Canal. 

Only about 70 km of the Canal are dug out in dry land, while the rest of the 
waterway crosses aseries of lakes and swamps (from the north: Lake Menzaleh, 
Lake Ballah, Lake Timsah and the Bitter Lakes). -

The 45 km through Lake Menzaleh are deepened in the shallow lake, with the 
excavated earth forming two dams which contain the Canal (Fig. 17). By this, the 
eastern end of Menzaleh has been cut off from the main lake and turned into a 
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Fig.15. Satellite picture ofSuez Canal (Gemini VI; courtesy NASA) 

salt swamp. Lake Menzaleh is a brackish oligohaline waterbody, 1 to 2 m deep, 
periodically supplied with fresh water from the Nile Delta. A few kilometers south 
ofPort Said there is a narrow channe1 with a lock which connects Lake Menzaleh 
and the Canal. The Canal works started in the Menzaleh section. In the very first 
phases waters ofthis lake served to fill the first "service channel". 

The following 30 km are artificially dug either through the salt and gypsum 
swamp of Ballah or through a sandy ridge which at EI Guisr (km 72) reaches a 
height of 23 m. 

A stretch of 4 km leads through Lake Timsah (Fig.18). The undredged maxi­
mum depth of this depression is 6 m. Before the construction of the Canal the 
basin was marshy with Nile waters reaching it from time to time at very high 
floods through the valley ofWadi Tumilat. The lake has been dredged to a depth 
of 13 m to allow the passage of ships. There are many lagoons and gulfs on both 
sides of Lake Timsah, some of them fairly deep (3 m). Since the lake receives an 
inflow of fresh water from various sources it is reported to have a brackish 
stratification with the heavy salty water overlain by a diluted layer. The marginal 
lagoons offer, therefore, a wealth of different salinity conditions. The main source 
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Fig.16. Aerial photograph of northern section of the Suez CanaI, with Port Said in back­
ground and Lake Manzala on left (courtesy LD.F., JerusaIem) 

of fresh water is an outlet of the fresh water canal from the Nile which provides 
drinking and irrigation water to the region. After 1891 the fresh-water canal was 
continued north and from then on only overflows reached the lake. However, the 
developing agricuhure supplied much run off. The Mediterranean waters reached 
Lake Timsah for the first time in 1863, but the filling up of the depression contin­
ued intermittently and was finished only in 1867. More will be said about Lake 
Timsah in the discussion ofthe biota ofthe Suez Canal. 

Between Lake Timsah and the Bitter Lake there is a stretch of 16 km. The 
shores ofthe Canal are strengthened for their whole length with a stone covering. 
At Km 92 the ridge of Serapeum reaches a maximum height of 10 m, and at some 
distance along the African shore there are several isolated sah pools (the pools of 
Nefiche). 

The Bitter Lake is the central and most important waterbody of the Suez 
Canal (Fig.19). According to Thorson's (1971) calculation, it contains 85% of the 
waters of the Canal system. The total length of the Lake is 36 km, but at the 
prornontory of Kabrit there is a narrowing to a strait ab out 2 km wide, which 
separates the basin into a northern part (the Great Bitter Lake with a maximum 
width of 13 km) and a much narrower southern part (the Little Bitter Lake). 

The basin ofthe Bitter Lakes, the "Pikre Limne" of antiquity was a "sabkha"­
like salt swamp into which very high tides of the Gulf of Suez flooded (Linant, 
1860). Water was present especially along the shores where also vegetation 
(chiefly Tamarix thickets) evolved ("La foret d'Ambach"). According to Aillaud 
(1868) this "forest", ab out 7 km long and 2 km wide, was inhabited by a rich fauna 
of water birds. The center of the depression was occupied by a salt mass 13.20 m 
(de Lesseps, 1871, 1876a) or even 18.20 m thick (Gruvel, 1936) and covering a 



Fig. 17. Aerial photograph of northern end of Suez Canal (courtesy Y. Etarn) 

Fig.18. Aerial photograph of Lake Timsah, with Isrna'iliya on left and lagoons on right 
(courtesy Y. Etarn) 

Fig.19. Aerial photograph of northern part of Great Bitter Lake, with lagoon of Deversoir (ei 
Arnbach); (courtesy Y. Etarn) 

Fig.20. Aerial photograph ofsouthern outlet ofSuez Canal, with lagoon of Suez (courtesy Y. 
Etarn) 
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surface of over 100 km2 • The depression in the northern part was over 12 m deep 
and, therefore, little deepening had to be done in the northern basin. The shores 
are sandy and, on the eastern shore, with several big salt swamps (Fig.20). The 
western shore is steeper and a few rock outcrops are formed; at water level, beach 
rock is formed. The filling of the Bitter Lakes from the Mediterranean started in 
the spring of 1869. On August 15th 1869 the waters ofthe two seas mixed for the 
first time in the Bitter Lakes (Fig. 13). 

The last 27 km to Suez show another important feature-a rocky obstacle, the 
2-m-high sill of Shallufa-in the past separating the Bitter Lakes from the Red 
Sea and causing one ofthe last-minute troubles for the opening of the Suez Canal 
in October 1869. 

At km 159 a channelleaves westward and turns north to the old city of Suez. 
In fact the-Iast 3-4 km of the Canal are built in an extension of the Gulf which 
became dry only in the first decades of the last century and was flooded again by 
the Canal works (Fig.20). 

The Bay of Suez being very shallow, continuous dredging and deepening of 
the bay are carried out for about 5 km offshore to the New Port Rock. 

At the beginning, the navigational depth of the Canal was 8 m, the surface 
width 59-98 m, while the minimum bottom width was 22 m. The Canal has been 
widened and deepened several times. These operations started in 1876 after the 
first years of successful use. In 1958 after the first stage of the Nasser Project, the 
depth of the Canal was 13 m, and the Canal width 125 m; the permissible ship 
draught was 11.5 m. The further stages of the Nasser Project would have been 
finished in 1972, had they not been interrupted by the 1967 war, and would have 
brought the depth to 14.7 m and the canal width to a maximum of 250 m. This 
would have raised the maximum tonnage of the ships permitted to cross the 
Canal from 40,000 to 60,000 tons. 

The completion ofthe Nasser Project would have brought the total excavated 
amount of cubic meters to 365 million m3 (175 millions before the start of the 
project and 190 millions during the project itself). 

Some 20% of the world tonnage passed yearly through the Canal, of which 
70% were oil tankers. Big refineries were built west of Port Ibrahim at the Gulf of 
Suez outlet; already in 1936 Gruvel complained ab out the deleterious effects of 
the oll pollution. 

The Suez Canal was closed several times during armed conflicts in the area. 
During the fighting of 1915 navigation was interrupted for only a few days. In the 
Second World War, the interruption was for 76 days. This increased to several 
months after the 1956 crisis. After June 1967 the trafik was shut down, to be 
started again only in 1975. From December 1973 to May 1974 a compact dam, 
built from one shore to the other slightly north of the outlet of the Canal into the 
Great Bitter Lake, interfered with the free flow of water through the Canal. By 
April 1975 the Canal was cleared of all obstacles and in June 1975 it was reopened 
to navigation. 

From information presently available it does not seem that the long period of 
interruption in the dredgings along the Canal basically changed any of its biologi­
cally significant topographical features. Lack of dredging, decrease in turbidity 
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and pollution probably had some favorable effects on the living communities of 
the Canal; however, comparative data are not available. 

The clearing of the Suez Canal from the wrecks left there in 1967 was finished 
by the spring of 1975. In reviewing the salvage operations carried out in the 
Canal, Barracca and Thomas (1975) expressed their surprise at the fact that 
" ... the Canal has accumulated little silt in almost eight years of disuse". This 
becomes understandable in part, since these authors mention tidal currents in the 
southern sector of the Canal which sometimes reached 4 knots and made it 
"impossible for divers to work in open water". 

2.2 History of Research 

At the great World Exhibition of 1867 in Paris, the "Compagnie Universelle 
du Canal maritime de Suez" exhibited, among other things a rich collection of 
molluscs from the Isthmus of Suez. 

This symptomatic fact indicates how intimately the engineering works of the 
Canal construction were connected with scientific research. Ferdinand de Lesseps 
himself published lengthy papers on the geology and hydrography of the Bitter 
Lakes (de Lesseps, 1871, 1876). Voisin Bey, the first chief engineer of the Canal, 
published six volumes under the tide "Le Canal de Suez" 1902-1904, with much 
hydrological and chemical information. Other scientific publications were written 
by engineers, geologists or ships' captains associated with the Compagnie, such 
as the geologist Fuchs, Cpt. Vassel, or the ichthyologist Tillier, and the malacolo­
gist Bavay (see Table 1). 

The great scientific importance ofthe eventual faunal interchange between the 
Mediterranean and the Red Sea was realized as soon as the Canal project started. 
Vaillant (1865) collected molluscs in the Gulf of Suez in 1864 in order to have a 
basis for comparison, after the changes he foresaw: not only species migration but 
also adaptation of the invaders to the new environment and their hybridization 
with the autochthonous species. Issel in his "Malacologia deI Mar Rosso" (1869) 
compared the molluscs on both sides of the Isthmus in order to establish what 
species were common to the two seas before the new man-made contact. The 
project of Fischer (1865) on the molluscs of the "two shores of the Isthmus of 
Suez" had the same purpose. The geologist Fuchs, who spent two years (1864-
1865) with the Compagnie and then returned in 1876, gave a picture of the 
subfossil thantocoenoses ofthe molluscs on the Isthmus. 

In the first 30 years of the Canal only few general works appeared; however, 
owing to the good previous work done on the molluscs, these began to be used as 
a test-case for animal migration through the Canal. 

Two more general inquiries into the whole of the migrational processes were 
made by Keller who visited the Canal in 1882 (1882,1883,1888) and by Kruken­
berg (1888a) who spent the winter of 1886-1887 there. 

There are several reports on the salinities and also other chemical parameters 
during the first three decades, supplied by the Compagnie, as weIl as by the 
throughgoing oceanographic research ship "Pola" [October-November 1895 
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(Natterer, 1898)]. Morcos (1972) gives a most useful summary of early chemical 
investigations in the Canal. 

The new century started with the fundamental ichthyological work of Tillier 
(1902) which also contained much environment al information. This was followed 
by the equally important publication by Tillier and Bavay (1905) on the shelled 
molluscs ofthe Suez Canal. 

In the years that followed, the appearance of Red Sea immigrants in the 
Mediterranean was recorded for thefirst time: Jordan and Hubbs (1917) reported 
the finding ofthe Red Sea fish Pranesus pinguis at Port Said and Fox (1924) that of 
the swimming crab Portunus pelagicus as far as Haifa. 

In 1924 an expedition to the Suez Canal was organized by the Royal Society, 
known afterwards as "The Cambridge Expedition to the Suez Canal, 1924". The 
group led by H. M. Fox and comprising R. Gurney, V. C. Robinson, and D. N. 
Twist, spent the months of October, November, and December 1924 along the 
Canal. 

This was to be the only organized zoological expedition to the Suez Canal; the 
results which appeared in the Transactions of the Zoological Society between 
1926-1929 were to be the only exhaustive body of knowledge on the biota of the 
Canal. Altogether 37 papers on the diverse animal groups resulted, accompanied 
by Fox's comments and conclusions. The only other long-term enterprise on the 
Canal was that of Gruvel and Moazzo (1932-1934) which, besides a general 
biological and fisheries description of the Canal by Gruvel (1936), produced only 
the ichthyological papers by Chabanaud (1932-1934), the malacological paper by 
Moazzo (1939) and the data of Monod (1933, 1937, 1938) on the Crustacea. Since 
then only short visits to the Suez Canal were carried out by Tortonese in 1944---45 
and Beets in 1950. 

Two expeditions collected and studied considerable material from the vicinity 
of the Suez Canal. One of them, the "Mission Robert Ph. Dolfuss en Egypte" 
between December 1927 and March 1929, collected in the Egyptian Red Sea and 
had its results published in a number of papers in 1933, 1938, and 1959. The 
activity of Steuer resulted in aseries of taxonomic papers entitled "The Fishery 
Grounds near Alexandria" between 1935 and 1939. 

The appearance ofRedSea migrants along the Levantine coast was studied by 
W. Steinitz (1927-1933); Monod (1930), Liebman (1935), Haas (1937), and Pallary 
(1938). After World War 11, aseries of papers was published by different authors 
in the "Bulletin of the Sea Fisheries Research Station in Haifa". 

The algae of the Canal have scarcely been studied until the recent papers of 
Lipkin (1972a, b). There are only two small notes: Lyle (1930) based on the 
Cambridge Expedition material and Lami (1932) on the Gruvel collections. The 
study of the algal migrants to the Mediterranean was started by Rayss (1941-
1963). 

The hydrography ofthe Canal did not serve as a subject of special study from 
the end ofthe last century until Wüst's paper in 1934. Since then, Krauss (1958) 
and especially Morcos (1960-1967) give more continuous and comprehensive 
information about the hydrography and especially the salinity of the Canal. Mu­
romtsev (1960, 1962) gave some hydrographical data collected by a throughgoing 
Soviet research ship. Miller and Munns have recently (1974) summed up the 
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oceanographic information yielded by the two throughgoing American vessels, 
"Atlantis II" and "Chain". 

The picture given by this short presentation of the history of the Suez Canal 
research is rather discouraging (see also Table 1). Except for two periods, the 
years immediately before and after the Canal opening (i.e. 1864-1888) and the 
period between 1924 and 1934, there is no comprehensive information to charac­
terize the evolution of the Suez Canal biota. In recent years only the studies of 
Morcos on the salinity give more continuous information. "The Hebrew Univer­
sity-Smithsonian Institution Joint Program" trips to the Canal (1967-1973) 
yielded relatively restricted collections. These have, however, been studied fairly 
completely. A special issue of the Israel Journal of Zoology [VoI. 21 (3-4), 1972J 
gives a summary of most of this research effort. 

In January 1975 Professor Brattström collected some of the fouling which 
grew on the ships trapped in the Bitter Lake since 1967; this collection has yet to 
be studied. 

A scientific appreciation of the migration process through the Suez Canal has 
to content itself with this rather incomplete data. In the more than one hundred 
years since the opening of the Suez CanaI, one could have expected a more 
organized and continuous effort by the scientific community. 

Table 1. Chronologicallisting of scientific research in the Suez Canal 

Collector and Author 

Vaillant, L. 
Issel,A. 
Fuchs,Th. 
Fischer,P. 
Müller,K. 
Lesseps, F. dea 
MacAndrew, R. 
Durand-Claye, L. 
Schmidt,C. 
Keller,C. 
Krukenberg, C. F. W. 
Vassel,E.a 
"Pola" Expedition 

Luksch,J., Natterer,K., 
Sturany,R. 

Tillier,L.a, Bavay,A.a 
Tillier,J. B. a 
Voisin Beya 
Herdman, Thompson,I.c., 

Scott,A. 
"Ammiraglio Magnaghi" 

V ercelli, F. 
Monod,Th. 
Cambridge Expedition to 

the Suez Canal: 
Fox,H.M., et. al. 

Year of Year of 
collection publication 

1864 1865 
1869 

1864-1876 1878,1881 
1865,1870,1871 
1872 
1873,1876 

1869 1870 
1872 1874 
1875 1878 
1882 1882,1883,1888 
1887 1888 

1889, 1890 
1895 1898,1899,1903 

1898,1905,1906 
1902 
1902-1906 

1902 1903 

1923-1924 1927 

1925 
1924 1924-1931 

a Persons employed by the Suez Canal Company. 

Topics 

Mollusca 
Mollusca 
Geology, Mollusca 
Mollusca 
Chemical data 
Geology, chemistry 
Mollusca 
Chemical data 
Chemical data 
General biology 
General biology 
General data, geology 
Chemical data, Mollusca 

Mollusca 
Pisces 
General data 
Planktonic Copepoda 

Hydrography 

General 
General; zoological results: 

reports by specialists on 
groups of animals 
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Table 1 (continued) 

Collector and Author Year of Year of 
collection publication 

Wüst,G. 1924-1926 1934,1935 
MacDonald, R. 1928 1933 
Gruvel,A., Moazzo,G., 1932-1934 1932-1939 

Chabanaud,P., Lami.R., 
Monod,Th. 

Ghazzawi,F.M. 1936 1936,1938 
Tortonese,E. 1944-1945 1947,1948,1952 

Beets,C., Holthuis,L.B. 1950 1953 

Morcos,S.A., Riley,J.P. 1953-1955 1960,1966, 
1964-1966 1967, 1968, 1972 

Muromtsev,A.M. 1959,1960 1960,1962 
Miller,A.R., Munns,R.G. 1963,1965 1974 
Dowidar,N.H. 1973,1974 
The Hebrew University - 1967-1972 1972 

Smithsonian Institution 
Joint Program 
Steinitz,H., Por,F.D., 
Aron, W., et al. 

Safriel, u., et al. 1971-1973 

Hecht,A., et al.. 1973 

Norwegian Council for 1975 
Research and Humanities 
Brattström,H., Taasen,J.P. 

Topics 

Hydrography 
Plankton 
Plants, animals 

(Mollusca, Pisces) 

Plankton 
General, Pisces, 

Echinodermata 
Bitter Lakes: geology, 

Benthos, Decapoda 
Chemistry 

Hydrography 
Hydrography 
Plankton 
Animal and plant groups; 

migration through the 
Suez Canal 

Migrating species of 
Polychaeta, Mollusca 

Hydrography 
Great Bitter Lake: 
Benthos (Collections at 
the Hebrew University of 
Jerusalem) 

Great Bitter Lake: fouling 
from ships stuck since 
1967 (Collections at the 
Hebrew University of 
Jerusalem) 

2.3 The Hydrography of the Suez Canal 

Judged by the standards necessary to understand such a complicated environ­
ment, the hydrography of the Suez Canal is practically unknown. Only lately 
(Miller and Munns, 1974) has the fIrst attempt been made to build a hydrographi­
cal model of the Canal: however, at this date the Canal was already basically 
different than during its fIrst century of existence. 

Salinity is the best-known environmental factor and there are some scattered 
data about currents and temperatures. Such basic factors as water levels, evapora­
tion, transparency, nutrient contents, and primary production are mostly un­
known. Some of these data may still be contained in the log books of the Suez 
Canal Company but these data have never been fully utilized. Here and there, 
authors give credit to information obtained from the Canal authorities but it is 
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hoped that more data on the past periods in the evolution of the Canal system 
may still be available and awaiting publication. As it stands now, the picture of 
the distribution and dynamics of the hydrographical parameters in the Canal, 
over the seasons and during its 106 years of existence, is fragmentary. 

Therefore, in tbis field of easily measurable facts, hypothetical assumptions 
still prevail. A few of these, in more or less bistorical order are: 

1. The hypothesis that the Canal waters were originally less saline and that it 
took several years until they reached their high salinities. 

2. The hypothesis of the silting up of the Canal, unless permanently dredged. 
3. The belief that the high salinity of the Bitter Lake is due only to the 

dissolution of the bottom layer of salt and that tbis lake will eventually reach 
normal sea water salinities. 

4. The belief that the high salinities measured in the northern Gulf of Suez 
result from an outflow ofBitter Lake water. 

5. The much repeated assumption that the minimum temperatures decrease 
from the Gulf of Suez, northward through the Canal. 

6. The assumption that there are throughgoing currents through the whole of 
the Canal system. 

7. The role ascribed to the Nile floods in generating the seasonal North-South 
current in the northern Canal section. 

8. The belief that there are seasons in the Canal which are especially propi­
tious to the migration of animals through it. 

The Currents. There are few measurements of the currents in the Canal. Fox 
(1926) stated that up until that time the Canal Company had never made a 
systematic study of the currents, because of the regularity of the tidal currents in 
the southern Canal and the dependence on the permanent current in the northern 
section. 

Much of what is given in literature about "currents" is based on salinity 
differences measured at different periods ofthe year, while changes in the horizon­
tal and vertical value distribution were interpreted as indicative of water mass 
movements (Wüst, 1935; Morcos, 1960). If temperature is not taken into account, 
this assumption is very much weakened. The first author to give temperaturej 
salinity relation (TjS) diagrams and density calculations, is EI Sabh (1969). 

The old data about displacement of water masses in the Canal were based on 
the assumption that the only source for the highly saline water body was in the 
depth layer of the Bitter Lake. The possibility of an increase due to evaporation in 
density in the shallow lagoons surrounding the Bitter Lake and Lake Timsah has 
not been taken into account. However, it is now evident (see below) that with 
maximum salinities in the Canal system being around 45%0, as at present, eva po­
rative processes clearly prevail over dissolution processes-if they still occur at 
all. 

Three basic vectors influence the currents ofthe Suez Canal: (1) the water level 
differences between the Gulf of Suez and the Mediterranean at Port Said, with the 
addition of the evaporative level decrease in the lakes of the Canal; (2) the direc­
tion and the strength of the tidal waves; and (3) the direction and strength of the 
winds. 
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Fig.21 a and b. Wind directions in Suez Canal area (a) at Port Said; (b) at Port Taufiq (from 
Gruvel,1936) 

The winds, to start with the last of the above factors, blowalmost exclusively 
from North-North-East(Gruvel, 1936)(Fig.21 a and b). Wüst(1934) indicates that 
some 90% of the winds are northerly. Only in the winter are there some days of 
southerly winds as a result of the distant influence of the winter monsoon in the 
Southern Red Sea (Morcos, 1970). By and large, it seems that the influence of the 
winds is only of secondary importance: they influence only the immediate surface 
or become important when the level differences tend to become zero. 

On the average, the level ofthe Red Sea at Port Suez is higher than that of the 
Mediterranean for the major part of the year. Tillier (1902) sets this difference at 
30 cm. Wüst (1935) gives for the period October-June a difference of 29-40 cm. 
Morcos (1960) mentions 36.3 cm. Rouch (1940) and following hirn, Lisitzin (1965) 
calculated an average level difference of 24 cm, and later (Lisitzin, 1974) of 20 cm. 

This level difference is negligible in the months of August and September. 
According to Tillier (1902), the Mediterranean stands 40 cm high er than the Red 
Sea in these months. Lower values are probably more correct: 17.6 cm (Morcos, 
1960) and 12.3 cm (Morcos and Gerges, 1974). Wüst (1935) confines hirnself to 
saying that in this period the level of the two inlets is equal (see also EI Sabh, 
1969). The reason for the seasonal equalization of the levels has to be sought in 
the decrease of the water levels in the Northern Red Sea owing to the increased 
summer evaporation. Some authors have also attributed it to the massive addi­
tion of Nile waters to the Mediterranean in the neighborhood of Port Said, when 
with open dams 140-180 million m3 ofwater gushed out ofthe nearby Damietta 
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branch ofthe Delta. However, observations after the cessation ofthe Nile flow do 
not support this assumption. 

Spring tides at Suez are sometimes as high as 2.1 m (Wüst, 1934) or 1.8 m 
(Tillier, 1902). Fox (1926) gives a main spring tidal range of 1.50 m. The "Red Sea 
and Gulf of Aden Pilot" (1955) gives sea level rises of up to 2.7 m during southern 
winds, which causes strong tidal currents to enter the southern part of the Canal. 

Because the Bitter Lake acts as areservoir, the incoming current is stronger 
than the outgoing one. Values for the incoming current are indicated as 1.38-2.00 
rn/sec (Tillier, 1902) or maximum 1.40 rn/sec and average 0.82 rn/sec (Fox, 1926). 
Miller and Munns (1974), on information supplied by Morcos, give for July­
August average current velocities of98.19 ern/sec at Shallufa. 

The outgoing current is weaker. However, according to Morcos (1960) the 
outgoing current becomes stronger during the summer than the incoming one, 
perhaps in connection with the low summer levels in the Gulf ofSuez. 

Since tides at Suez are semidiurnal, the tidal currents in the southern Canal 
change directions four times a day. According to the "Red Sea and Gulf of Aden 
Pilot", the onset of the northward tidal current is 2 h after the high tide at Suez 
and continues till 5 h after high water. The returning current is similarly delayed. 

The influence of the tidal currents is still feIt in the Little Bitter Lake and the 
tidal friction reduces the current velocities by more than a quarter at Kabret 
(Grace, 1931; after Miller and Munns, 1974). Gruvel (1936) gives interesting data 
on the tidal fluctuations in the Bitter Lake. The high tide reaches the Deversoir at 
the northern end of the Lake two to three hours after the tide at Suez. The tidal 
span is, according to Gruvel, of 55 cm at Kabret, 55 cm at the Deversoir and 70 
cm at Genefe in the South-Western corner of the Great Bitter Lake. This last 
value is attributed by Gruvel to a concomitant piling up of the waters by the 
N ortheast winds. 

With the exception of the small tidal influence, little is known about the 
current system in the Bitter Lake. Fox (1926) mentions several cases in which 
changes in the direction of the wind caused inversion of the current in the Lake. 
Miller and Munns (1974) suggest the presence of a counter-clockwise current in 
the Lake. In their words "a northerly flow on the eastern side and a southerly flow 
on the west seems to be borne out by the distortions of the salinity distributions". 
For the sake of later discussion, it should be mentioned that no author ever 
mentioned the existence of a throughgoing current in the Bitter Lake. 

There is no precise knowledge as to what happens in the stretch of Canal 
between the Bitter Lake and Lake Timsah. Usually it is assumed that here already 
the 9-1O-months' regime of the northward currents prevails. However, Wüst 
(1935) indicates an inverse current during July-October. In December 1973 Hecht 
(personal communication) measured north of the Deversoir a wind-driven super­
ficial southward current, a deeper and dominant northward current and along the 
bottom, again, a southward flow. 

Lake Timsah too, has no throughgoing currents and the water movements are 
probably mainly wind-driven. -

The currents in the northern stretch of the Canal have been much discussed. A 
more detailed presentation is, therefore, necessary. 
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First of all, the tidal differences, an eventual driving force, are minimal in the 
Eastern Mediterranean. Gohar (1954) indicates a tidal range of 15-40 cm at Port 
Said. Fox (1926) gives a maximum spring tide value of 40 cm. It follows that there 
are practically no tidal currents in the northern Canal section. Fox indicates tide­
gauge amplitudes of 3.0-3.5 cm at EI Qantara (Km 46). In July 1963, during the 
transit of the "Atlantis II" through the Canal, the influence of the Mediterranean 
tide extended as far as Ras el Esh-about 30 km (Miller and Munns, 1974; 
Fig.22). 

The current in the northern Canal is, therefore, influenced by the seasonal 
water level differences. Starting with Tillier, all the authors concerned agree that 
there is a prevailing northward current in the northern Canal for three quarters of 
the year, between October and June. For this, current velocities of 0.5 to 2 knots 
are given. In June 1967, the current was so strong that SCUBA divers working at 
EI Qantara had to attach themselves to the piers. In November-December 1967 
the current flowed a constant north, despite the permanent strong winds in the 
opposite direction (Ben Yami, personal communication). 

It is curious that the older authors and especially Lesseps (1876) made differ­
ent observations. He wrote: "L'evaporation etant plus active dans le centre de 
l'isthme qu'aux deux entrees de Suez et de Port Said, le courant vient presque 
toujours du sud au nord a partir de Suez jusqu'aux Lacs Amers et du nord au sud 
a partir de Port Said". Keller (1882) even indicates a speed of 0.3 cm/sec for this 
southward current in the northern Canal. Wehave to consider that Keller visited 
the Canal in January, i.e. in the season in which the current is reversed. That 
Keller was keen in observing the currents is evident from the very accurate 
description he gives for the diurnal changes in the tidal currents of the southern 
Canal. 

It would be interesting to suppose that the current regime in the Canal 
changed after the first few decades-eventually owing to the deepening of the 
Cana1.1 

From J uly throughout September there is a southward current in the northern 
Canal. Gruvel (1936) is the only author who mentions that this current starts 
already in June. During these summer months the level of the Mediterranean 
waters becomes equal to those ofthe Gulf of Suez. It is reasonable to assume that 
under such circumstances the wind, permanently northerly, becomes the driving 
force of the current. The equalization of the sea levels is due to the loss by 
evaporation in the summer heat of the Gulf of Suez. This is however, even much 
more severe in the Bitter Lake, which according to Wüst (1935) lies some 10 cm 
below the level of the Gulf of Suez. 

Morcos (1960) reports on continuous current measurements at two points­
south and north of the Bitter Lakes during 1933-35. However, according to 
Morcos (discussion with Miller and Munns, 1974) there is "a net flow towards the 
north in the summer and a net flow towards the south in winter". The winter flow 

1 Note added in proof: More recently Morcos and Messieh (1973a) and Morcos and Gerges 
(1974) following Baussan (1938) speak of a transitional stage in ilie currents in ilie summer, 
when water flows both from the Mediterranean and from Red Sea into the Bitter Lakes. 
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lasts 9-10 months and the summer flow 2-3 months. It is hard to reach any 
conclusions from these data. 

Miller and Munns (1974) make some very interesting calculations bearing on 
the evaporative losses in the Bitter Lake during the months of July and August. 
Although these calculations are based on a combination of old information ob­
tained by these authors from Morcos with measurements made by the "Atlantis 
11" in July 1963, the results are interesting. According to these, the Bitter Lake 
received an excess of seawater inflow from the Red Sea of 432,734 m3 jday. Taking 
into account the incoming salinity value of the sea water and salinity existing in 
the Bitter Lake (on the assumption that all the concentration resulted from eva­
poration) the authors reached a figure of 771,000 m3jday to be evaporated. To 
make up for the differences which resulted, "contributions from the Medi­
terranean ofNile indrafts" are necessary in these summer months. 

Many authors, among them Morcos, saw in the summer southward current 
also a result of the piling up of Nile waters at Port Said, following the opening of 
the Nile dams which used to occur in these months. After the final closure of the 
Aswan Dam, Morcos (1967a) mentions that in September 1966 a weak north­
ward current appeared in the Canal. 

According to the "Red Sea and Gulf of Aden Pilot" (1955) there is no sufficient 
evidence to prove that the southward current in the northern Canal was caused 
by the seasonal rise of the Nile. EI Sabh (1968) indeed considers that Morcos' data 
from 1966 represents a meteorologically abnormal situation and that no funda­
mental change in the current patterns occurred after the cessation of the Nile flow 
in early 1966. Oren (1970) agrees that the Nile rise did not playa crucial role. 

Even though the surface current flows southward during the late summer, both 
Wüst (1935) and Gohar (1954) speak of a bottom outflow of heavy saline Bitter 
Lake water on the bottom of the northern Canal even in the summer months. 

Temperatures. There are few relevant data on water-temperature for the Suez 
Canal. Nonetheless, temperature has often been mentioned in speculations on the 
animal migration through the Canal. 

Without supplying the appropriate data, Wüst (1934) asserted that tempera­
ture differences in the Canal system were very small. Fox (1926) and later W. 
Steinitz (1929) speak of the high water temperatures of the Canal as a barrier to 
animal migration. Other authors see the Canal merely as a gradient of decreasing 
temperatures from the Red Sea to the Mediterranean. 

The temperature ranges as they appear below result from few measurements: 
those of the "Pola" in October 1895 and May 1896 (Luksch, 1898); Wimpenny 
(1930) between 1928 and 1929; Gruvel (1936) in April 1933 and between August 
and October 1934; EI Sabh (1969) in 1966; the temperatures measured by "Atlan­
tis 11" and "Chain" in July 1963, February 1965 and October and November 1966 
(Miller and Munns, 1974); finally the temperatures measured in 1967 and 1969 by 
the Hebrew University team (Por and Ferber, 1972). 

The maximum temperatures found are around 30° C: in September 1934 
30° C at Ismailia; 30S C at Kabrit in July 1963; 29.92° C in the Bitter Lake in 
September 1966; 29.60° C in July 1928 in Lake Timsah; 29.70° C in June 1967 in 
the Bitter Lake. The high temperature period in the Canal system comprises, 
therefore, the months June-September. 
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In July 1963 "Atlantis 11" measured 26° C and 26S C at the Mediterranean 
and Red Sea entrances, respectively, whereas in the Canal the maximum was 
30S C. This is a difference wh ich has to be reckoned with, although it stands to 
reason that in the shallow lagoons of Suez and even in those near Port Said the 
temperatures were at the same time probably no less than at Kabrit! 

Minimum temperatures in the Canal system are rather low: Wimpenny re­
ports 14- 14.3° C in January-February 1929 in the northern part of the Canal and 
Lake Timsah ; surface temperatures between 14- 15° C are indicated for the north­
ern part of the Canal for February 1965 ; and somewhat higher 16° C was mea­
sured by Gruvel in April 1933 in the Bitter Lake. 

From the open waters of the Gulf of Suez, minimum temperatures of 16° C 
were reported (Morcos, 1970). However in the shallow lagoons of the northern 
Red Sea the low winter temperatur es may often descend to as low as 10- 11 ° C. In 
the inshore waters of the Mediterranean, minima of 15.4° C have been measured. 
Even lower values have been found in the Sirbonic Lagoon (Bardawil Lagoon). 

Being exposed to a similar regime of evaporation and winds during the winter, 
it seems that there is no significant difference in the minimum temperatures of the 
shallow waters around the Sinai Peninsula. Temperature barriers, both low and 
high, for the spread of marine organisms should not be taken into account for the 

2 3 4 5 6 7 8 

I " 
I 

n 

m 
ll[ 

3Z: 

3ZI 

:w 
3ZIII 

:IX 

X 

::xr 

:xn. 

I , 
0 50 100 150km 

F ig.23. Isohalines in Suez Canal, from Port Said to Gulf of Suez, at depth of 6 m (from Wüst, 
1934) 



,~t J ] ,:~ 

I I I 
(3

3
.5

 
01 

• 
\ \ \ • 

• 
• 

• 

I 
4

2
.8

 
I 

.,..
.-

-,
 

\ 
• 

(-
4

2
.9

 
• 

\ \ 
:x

II
. 

1
9

5
4

 
\ 

" 
I 

I 
, 

! 
! 

! 

km
 0

 
2

0
 

4
0

 
6

0
 

8
0

 
1

0
0

 
12

0 
1

4
0

 
1

6
0

 k
m

 

Fi
g.

 2
4.

 S
ea

so
na

l 
di

st
ri

bu
ti

on
 o

f s
al

in
it

y 
in

 S
ue

z 
C

an
al

 (
19

53
-1

95
4)

 f
ro

m
 P

or
t 

Sa
id

 t
o 

G
ul

f o
f S

ue
z 

(f
ro

m
 M

or
co

s,
 1

96
0)

 

V
I 

0
0

 

....,
 

::
r 

(
t
 

C
/l c: r:!l
 n '" ::l E
. 



The Hydrography of the Suez Canal 59 

Canal and its shallow approaches. A limiting temperature only starts to act 
outside the Canal in the open Red Sea or along the Levant Coast of the Medi­
terranean. 

Salinity (Figs. 23 and 24). Salinity is probably the most important environmen­
tal factor influencing the settlement of organisms in the Suez Canal. The salt 
content ofthe Canal waters has been reasonably weIl investigated during the past 
century and it soon became clear that it does not result from a mere gradual 
mixing of the Red Sea and Mediterranean water. The reasons for that are three­
fold: the dissolution ofthe fossil salt dome at the bottom ofthe Great Bitter Lake; 
the evaporative concentration in the different lakes and shallows; and an inflow of 
Nile waters at different points ofthe northern Canal. 

The salinity pattern of the Canal system should, therefore, be treated sepa­
rately for the different sections of the Canal, and we shall start from south to 
north. Understandably, since the Suez Canal is not the central subject of this 
book, the presentation below will be restricted to the data relevant to our subject. 

The unusual salinities measured in the open sea at Suez-maximum of 44.3%0 
in September 1897-have been attributed by Luksch (1898) and Morcos (1970) to 
an outflow of brine from the Suez Canal. However, Robinet and Lefort (1874) 
indicate an even higher salinity of 45.38%0 at Suez in December 1864, i.e. before 
the opening of the Suez Canal. This is anormal salinity in the shallows of the 
northern Red Sea and the Gulf of Suez. Por (1972) found values of 46%0 at Ras el 
Misalla (about 15 km south of Suez) and 43.39%0 at Ras Sudr (50 km south of 
Suez) in 1970. The high salinity values found in the Gulf of Suez are due to the 
water losses by evaporation in this shallow gulf. According to Miller and Munns 
(1974), the Gulfis "more conducive to evaporation than any other maritime area" 
and its high salinity has therefore not to be attributed "to the leaching of the 
Bitter Lake salt beds".l 

The Bitter Lakes constitute the main high-salinity barrier in the Canal system. 
Early authors, such as Krukenberg (1888a), believed that evaporation is the 

main factor determining the high salinity of the Lakes. Keller (1882) attached 
equal importance to evaporation and dissolution of the Bitter Lake salt deposits. 
Starting with Tillier (1901), who, however, does not give reliable original measure­
ments, attention began to focus exclusively on the dissolution of the salt dome. 
Based on the original thickness of the dome (13 m as given by de Lesseps) Fox 
(1929) calculated that all the salt will have been dissolved by the end of the 20th 
century. Wüst (1935) found a direct relation between the increase in the depths of 
the Bitter Lakes, i.e. in his view between the progressive dissolution of the salt 
bank, and the decrease in salinity. In 1951 however, Wüst reached a new conclu­
sion, namely that the decrease in salinity is asymptotical. Krauss (1958) was the 
first to accept that the salinity of the Bitter Lakes will always remain above 
normal sea salinity even after complete dissolution of the salt, owing to evapora­
tion. Despite this, Oren (1969) still believed that the final values will eventually be 
as low as 41%0. 

1 Note added in proof: Morcos and Messieh (1973b) seem to find evidence that after the 
cessation of the Nile floods the salinity in Suez Bay may decrease since less Bitter Lakes 
waters reach this bay. 
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Since the late fifties there has been no further decrease in the salinity of the 
Bitter Lakes. Morcos (1960) was the first to accept this fact. Oren (1970) considers 
that the minimum salinity was reached in 1958. 

Another contradiction is evident when Morcos (1967 a) writes of salts which 
are "gradually being dissolved". In fact, in the same paper, Morcos gives analyses 
from the salt dome collected in 1955. Miller and Munns (1974) report that core 
and grab sampIes taken in the Great Bitter Lake in 1965 by "Atlantis II" showed 
that the salt deposits were probably exhausted. Mud and gypsum crystals were 
the main constituents ofthe cores". Etam (personal communication) who sampled 
cores in the Bitter Lake in December 1973 found only gypsum and no trace of 
crystalline salto 

It is therefore evident that since the early sixties the salinity of the Bitter Lakes 
has been entirely determined by evaporation. Por (1971 b) stated that the salinity 
of the Bitter Lakes will always remain above that of the open sea. Miller and 
Munns (1974), reporting salinities between 43%0 and 48%0, consider the present 
salinity -of the Lakes as being a seasonal phenomenon with a maximum in sum­
mer and a minimum in winter. 

Muromtsev (1960, 1962) measured salinities in September 1959 and in July 
1960. In the Bitter Lake he found 45.98-46.87%0, and 44.79-46.06%0 respectively. 
The maximum salinity value found by this author was 48.06%0 at Km 155, 
"caused by strong evaporation". The most recent measurements give 46.17%0 for 
January 1969 (Por and Ferber, 1972) and 45%0 for December 1973 (Etam, unpub­
lished). 

To give an idea of the magnitude of the evaporation in this area, Miller and 
Munns (1974) indicate values (seasonal?) between 3.9 to 6.0 mmjday. This would 
add up to an average of 1.8-1.9 mjyear. 

It is evident therefore, that the Bitter Lakes will behave in the future as one of 
the littorallagoons ofthe Red Sea, with salinity fluctuating seasonally around the 
value45%0. 

There has always been a seasonal fluctuation in the salinities and it seems that 
this even decreased over the years: it was 8%0 in 1924 (Wüst, 1935) and in 1954-55 
about 5.5%0 (Morcos, 1967b). Presently I would suggest an amplitude of below 
5%0. 

It is hard to follow the actual decrease of salinities in the Bitter Lakes, how­
ever an attempt to show the data graphically is given in Figure 28. 

A last point to be made ab out the Bitter Lakes' salinities is the tendency 
towards a saline stratification. This was more evident several decades ago and 
although still to be observed, shows at present only a narrow range of differences. 
A difference between surface and bottom values of about 6%0 seems to have existed 
in 1872 (Durand-Claye, 1874). In October 1924 the difference was less than 4%0 
(Fox, 1926); however, in January-March 1925 it increased to some 8%0 (Wüst, 
1935) (Fig.23). For 1954-55 Morcos (1960) gives less than 1.5%0 (Fig.25). However 
in 1966, EI Sabh (1968) again gives a value of 2%0. In the salinity profiles of Miller 
and Munns (1974) differences of 1.0-1.5%0 between surface and bottom appear. 

Of special interest are the hyper saline la:goons and pools which border the 
Bitter Lakes, especially along the eastern shores. The largest of these, in the 
northeast corner ofthe Great Bitter Lake, had a salinity of 91.08%0 in January 
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1969 (Por and Ferber, 1972). Fox (1926) mentions seven brine pools near Ka­
bret-within about 200 m from the shore. The pools had a wide range of salinities, 
from 52%0 to near saturation (density 1176). All these lagoons and pools are 
formed by spilling-over of the lake waters during the winter storms. Their highly 
saline water, as well as that ofthe surrounding salt wetlands, probably contributes 
a sizeable share to the increased salinity of the Bitter Lakes, either through direct 
leaching out by waves or through percolation in the sediment. 

Lake Timsah is characterized by a marked saline stratification. It receives 
salty bottom waters from the south and these are overlain by a layer of diluted 
water coming from the Nile. The fresh water comes from the Nile through a canal 
which supplies drinking and irrigation water. 

Until1891 this canal flowed out freely into Lake Timsah and therefore during 
the Nile floods huge amounts of fresh water reached the lake. Tillier (1902) even 
considers that some preexistent marine species were exterminated by these floods. 
After 1891 the fresh-water canal was extended northward to Port Said. However, 
even after this date the waters of the fresh-water canal ("Abassa Canal") still 
reached the lake either from the sewers of the town of Ismailiya or as agricultural 
runofffrom the lush fields ofthe western bank.1 

Since Lake Timsah has many shallow lateral lagoons, these carry almost 
exclusively fresh-to-brackish waters to a depth of 30 cm (Fox, 1926). While the 
deep center of the Lake is occupied by a saline bottom layer, the stratification 
sometimes reaches a considerable amplitude. In December 1924 Fox reports a 
difference of 9%0 between surface and bottom. W. Steinitz (1929) indicates that at 
the surface the salinity may fluctuate between 7.86%0 to 47.6%0. Morcos (1960) 
found less than 30%0 at the surface and 45%0 at the bottom. In June 1967, surface 
salinity in the lake opposite Isma'iliya was 29.3%0 (por and Ferber, 1972). EI Sabh 
(1969) gives surface salinities of 35%0. Miller and Munns (1974) report strong 
differences between surface and bottom: in October 1966 from 36%0 to 41%0, and 
in November 1966 from 37%0 to 42%0. They speak of a "strong intrusion of fresh 
water" and "extra volumes of Nile water entering at Lake Timsah". In February 
1965 Lake Timsah was almost homogenous and of the same salinity as the Bitter 
Lake, i.e. ± 43 %0. 

Thus the stratification of Lake Timsah is still considerable and is a seasonal 
phenomenon with a peak in the late summer. 

The northern stretch of the Canal between Lake Timsah and the Medi­
terranean is exposed to an inflow of low salinity Mediterranean water from 
August-October. The inflow is mainly caused by the equalization of levels of the 
two seas--or even a decrease of the Red Sea level below that of the Medi­
terranean, in late summer (see above). Before the building of the Aswan High 
Dam, this period also coincided with the seasonal opening of the Nile barrages 
and the flow of large amounts of fresh water into the sea not far from Port Said. 

The salinity decrease in the northern Canal was first observed in the salinity 
data of Durand-Claye in 1872. In the harbor of Port Said the salinity was 23.1 %0 
while at Km 60 it was 45.5%0. In the rest of the Canal the concomitant salinities 

1 Note added in proof: Morcos (1975) puts the influx of agricultural freshwater runoff at 
210 million cubic meters per year and expects this influx to increase in the near future. 
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were above 60%0. From these data we may deduce that the sampies were collected 
in the August-October period; this is however not by any means certain. In 
October 1895 the "Pola" found no decrease in salinity and at Km 60 the value was 
51.2%0 (Natterer, 1898). It can eventually be assumed that in the first period of 
Canal history, the salinity was so high that the diluting influence was not felt so 
much, or conversely that the current regime in the northern Canal was then 
different (see above). 

Tillier (1902) is again the first author to mention the connection between the 
summer current regime and the appearance of low salinity waters in the northern 
Canal. Wüst (1934) gave the classical presentation ofthe phenomenon. 

Morcos (1960) reports for September 195433.15%0 at the Canal entrance and 
36.29%0 near Lake Timsah. The respective values for September 1964 were 
32.25%0 and 34.83%0. These are, however, surface values since in September 1964 
at the Canal entrance the salinity at only 5 m depth was already 39.02%0. 

After the cessation of the Nile flow through the closure of the Aswan Dam, in 
October 1966 the "Chain" measured salinities between 40-43%0 in the northern 
Canal, whereas in the Bitter Lakes it was 47%0. It seems therefore that in the late 
summer period there is no marked decrease in salinity in the northern Canal. 

Several authors assumed that the late summer period with the southward 
current and lowered salinity is-or rather was---especially propitious for the 
influx of Mediterranean species into the Canal. However, in the season when 
salinity is at its lowest in the northern Canal, maximum seasonal salinities are 
found in the Bitter Lake area. In September 1954, for instance-. the salinity range 
from north to south reached 14.6%0 and in September 1964 even 15.6%0. On the 
other hand in April of the respective years the salinity variations along the whole 
Canal system were restricted to only 2%0. 

One may eventually ass urne that after the closure of the Aswan Dam in 1966 
some advantage resulted for the southward migrating animals since in the period 
in which a southward current moves into the Canal, there are no more of the 
sharp changes in salinity which the organisms had to face before. 

Pollution. Little is known about pollution in this highly navigated waterway. 
One can accept apriori that the Canal system suffered much from pollution and 
that the whole environment was comparable to that of a big harbor. There are no 
data concerning the restricting influence of pollution on the Canal biota. 

The only data found in literature are those of Fonselius (1966, 1967) who 
found unusually high values of zinc and copper in the Bitter Lake. Strangely, 
Fonselius attributed this to some sort of influence from the Northern Red Sea, in 
which the values of these ions were also high. Morcos (1970) however, rightly 
assurnes that these concentrations may be due to pollution. 

Oil pollution due to leaks and bilges is probably high. In' the littoral of the 
Bitter Lake near Deversoir in 1969, I saw considerable amounts of oil and tar 
mixed with the beachrock and the sandy conglomerate (Por, 1971 b). Consider­
able oil pollution is reported from Suez where big oil refineries are situated west 
of the harbor of Port Ibrahim. Pollution there was already considerable in the 
thirties when Gruvel (1934) considered the area as "literalement empoisonnee par 
le petrole, le mazout ou leurs d6chets de fabrication". 
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Pollution, chiefly from bunker oil, mayaIso explain the presence of the much­
mentioned "gelatinous mud" on the bottom of the shipping channel through the 
Bitter Lakes. The frrst record of this, along the eastern coast of the Lake, is to be 
found in Tillier (1902) who speaks of a "vase noire remarquablement molle et 
collante que nous avons pu parfois comparer a un epais sirop". Fox (1926) speaks 
of a "black evil-smelling gelatinous mud". Thorson was very interested in this 
gelatinous mud, which he considered to cover the bottom over great distances 
[see correspondence between Steinitz and Thorson Israel J. Zoo1. 21 (3-4), 
pp. 143-147, 1972]. Beets (1953) found that the foul bottom layer may be due to 
"stagnancy and exhaust products of mechanically driven ships". As late as 9 July 
1974 the International Herald Tribune reports "a layer saturated with oil and 
salt ... fuel which leaked from ships" which was encountered by American naval 
divers who worked in the clearing operation ofthe Suez Cana1. 

It seems that the mysterious "gelatinous mud", one of the curious features of 
the Canal, is a bunker oil, salt and water mixture covering parts of the bottom of 
the Bitter Lakes. 

2.4 The Bottom of the Suez Canal 

The Suez Canal is a habitat for many species-regardless of where they origi­
nate or their chan ces of becoming invaders of the opposite sea. F or most of these 
animals the types of bottom found in the Suez Canal are of crucial importance. 
Conditions are more or less natural and undisturbed in the Bitter Lakes and Lake 
Timsah. In the Canal proper, the continuous dredging and the periodical deepen­
ing and widening are very important as stability factors. The waves and turbu­
lence caused by the many ships passing the Canal day and night are a further 
factor to be considered as deeply influencing the sediments of the Canal sections. 

Most of the Canal used to be dredged once every three to four years. The 
minimum frequency ofthe dredgings was five-six years, maximum two years. W. 
Steinitz (1929) gives an average time span of 2-3 years between dredgings. To that 
one has to add the several widening and deepening projects which have been 
carried out over the past century. As a rule, the Canal was widened along its east 
bank. The enlarging of the Canal did not result in more undisturbed conditions 
along the banks and the bottom, since the projects were always carried out as an 
answer to the increasing size and draught ofthe throughgoing ships. 

Following Gruvel's detailed description (1936) the Canal bottom can be char­
acterized in the following way: in the North to about Km 55 the bottom is sandy, 
mixed with black mud of lagoon origin. From Ballah onwards the bottom be­
comes "cleaner", mixed with gypsum concretions. Crossing the ridge of Guisr 
(Km 72) the bottom is marly with some rocky outcrops. Sandy mud predominates 
between the two lakes (Lake Timsah and Bitter Lake). South of the Bitter Lakes 
the sand is cleaner, with a mixture of gravel and shell. In the stretch crossing the 
ridge of Shallufa (Km 140), rocky outcrops are again found on the bottom. 

With the exception of the northern stretch, the bottom is clean enough to 
allow for a dense population of the lancelet Branchiostoma lanceolatum in the 
sediment. This has been a stable and frequent inhabitant ofthe Canal stretches for 
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at least the last 50 years, from the Cambridge Expedition of 1924 ti11 1972, when it 
still was widespread. The lancelet needs fairly clean sandy bottoms, so that the 
much-repeated talk ab out the progressive silting of the canal bottom is not sup­
ported by facts. Gohar (1954) speaks, for instance, of the fact that "during the first 
years after the opening of the Canal the deposition of mud had not gone so far as 
to impede the settlement of plants and animals ... Thus it is highly probable that, 
during those years, the passage of the faunas ... was more active than it is now". 
There are, however, no indications that the migration was more active in the first 
years after the opening of the Canal. 

There are likewise no data regarding a gradual silting up of the canal bottom. 
As early as 1858 Schleiden expressed fears that an artificial canalleading through 
the desert would soon be shoaled up by sands, as in the Sirbonic Lagoon. In the 
different war periods in which the Canal was not subjected to maintenance and 
especia11y during the last seven years of inactivity (1967-1974), fears were ex­
pressed that large stretches would have to be litera11y dug out again from und er 
sand. This, however, was not the case for the several months of inactivity in 1956 
[see Thorson in his letter exchange with Steinitz (1972)]. No dredges were used to 
open the Canal in 1974 and the only problem mentioned as hindering the opening 
to navigation were the mines, other war remnants and ship wrecks. 

It is apparent that the currents in the Canal stretches are strong enough to 
sweep away mud and sand deposits. This does not, however, mean that the Canal 
bottom is a suitable substrate for a slowly developing population of sedentary 
animals. Branchiostoma is the best example of an animal wh ich lives buried in a 
current-swept substrate, capable of adjusting itself quickly and by adroit move­
ments to the shifting ofthe substrate. 

Most of the Canal banks are plated with stone and concrete slabs. The cover­
ing with stone started near the end ofthe 19th Century and is mentioned by Tillier 
(1902). To this, one must add the ever-increasing surfaces of piers, pontoons, 
buoys and, for some periods, ships wrecked or sunken in the Canal. Therefore, at 
the surface of the Canal there is no dearth of hard substrate for a few species of 
hardy intertidal organisms to settle. This circumstance was overseen in one of my 
previous papers (Por, 1971 b), where I stated that hard substrates are rare along 
the Canal. The stone banks are settled by some very hardy intertidal organisms. 
However, in Lake Timsah and the Bitter Lakes, the shores are sandy, with only 
restricted hard bottoms of beach-rock type. 

If the lakes contain nearly 90% of the waters found in the canal, they offer also 
the great majority of the bottoms available to the organisms entering the Canal. 
Most of the lake bottom is natural and has never been dredged out. Therefore, 
soon after the flooding, normal sedimentological processes started and similarly 
also im undisturbed buildup of benthic communities began. The fact that the 
bottoms of the lakes are almost exclusively sedimentary is of crucial importance 
for the type of population which inhabits the Canal. 

Our knowledge of the bottom of Lake Timsah (Fig.25) is based on Ti11ier 
(1902), Fox (1926), Gruvel (1936), and on Tortonese (1952). According to Tillier 
only some 75 ha have been dredged and dug out. To this one must add, according 
to the same author, dumping places of out-dredged material, "bancs de vidage", 
which at that time covered some 60 ha. Those dumping pi aces have no doubt 
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Fig.25. Map of Lake Timsah (from Fox, 1926) 

increased in number and surface over the years: their suitability for settling by 
benthic animals has to be considered as intermediate. 

Black mud, smelly and gelatinous, "very like that of the Great Bitter Lake" 
(Fox, 1926) appears in the north-west corner of Lake Timsah at 7-8 m depth. 
Gruvel (1936) reports the presence of black mud "plus ou moins liquide et parfois 
fetide" in the middle of the lake. According to this author only Murex tribulus 
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lives on these muddy bottoms. On the other hand, Fox reports grey sandy mud 
from the center of the lake with abundant ophiuroids and leucosiid crabs. Black 
mud with ophiuroids appears also at another station in the middle of the lake. It 
appears thus that the dredged bottoms of Lake Timsah present difficult condi­
tions for benthic animals, though still suitable for some species. 

The natural undredged bottoms of the lake, at an average of 6 m depth, as weIl 
as the many shallow lagoons are covered with mud at depths exceeding 2-3 m; 
however, this mud is already rich in fauna. These bottoms are characterized as 
grey muds by Gruvel. 

Gradually this oxygenated mud is covered with a layer of sand and around 2-
5 m meadows of the flowering plant Halophila stipulacea appear. The shallows of 
the lagoons are pure sand (Tortonese, 1952)-the lagoons ofthe western shore are 
already covered with fresh w~ter and overgrown with Ceratophyllum. In the east­
ern lagoons Halophila is found even on the shallowest sands. 

Lake Timsah is given by various authors as a textbook case (following Fox, 
1926) for the presence of oxygen on the bottom despite saline stratification. Since 
the water is clear, water plants and algae provide abundant oxygen supply, 
probably down to some 3-4 m depth. 

The bottoms of the Bitter Lakes are much better known. Gruvel (1936) 
(Fig.26) and Beets (1953) give bathymetric and sediment maps of the Bitter Lakes. 
Arecent transect sampled in 1973 by Y. Etam (personal communication) also 
gives interesting information. 

The problem of the so-called "gelatinous mud" and the gradual dissolution of 
the salt bank have already been discussed in a previous chapter. . 

Here is the relevant place to present the description of the basin of the Bitter 
Lakes before the flooding by the Canal waters, as given by Aillaud (1868). The 
basin was a typical "sabkha": a salt marsh like many others around the Red Sea 
and Persian Gulf and the Sabkhat el Bardawil (mentioned above as the Sirbonic 
Lagoon) (Fig.27). Aillaud speaks of the thiekets of Tamarix on the east shore as 
being inhabited by a rich avifauna counting among others such water fowl as 
pelicans, flamingoes, ducks, and geese. These are frequent on the sandy shoals 
which emerge from the water-filled depression which surrounds the salt bank. As 
far as one kilometer from the central salt dome there were big puddIes of very 
clear water. The bottom around was muddy and contained many moIlusc shells. 

At the time of Tillier, the Bitter Lakes were filled up and had sandy shallows 
around the central deep. Fox's sampIes came mostly from the Little Bitter Lake: 
sam pIes of black anoxic mud, one sam pIe of grey muddy sand at 11-12 m depth 
with a fairly rieh fauna, and two shallow sampIes from bottoms covered with the 
sea-grasses Halophila or Diplanthera (Halodule). 

Gruvel indicates that the whole central part of the Great Bitter Lake is cov­
ered by a gypsum-admixed mud. This is an anaerobic bottom: a "zone morte" 
where only a few specimens of Murex tribulus and Gastrochaena live. 

Beets (1953) did not investigate the deepest bottoms of ± 15 m. However, from 
the central shipping lane he reports at 10.80 m and 11.30 m depth, clay or sandy 
clay devoid ofvegetation. The bottoms below 9 mare, according to this author, 
fouled by a combination of stagnancy and the exhaust products (see also previous 
chapter). Etam in 1973 (pers. comm.) reports from 10-16 m depth a variety of 
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Fig. 26. Map of bottoms of Great Bitter Lake 
(from Gruvel, 1936) [Meleagrines = Pinctada 
radiata] 
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bottoms: a light brown mud, a dark reductive mud, dayey mud mixed with 
gypsum and sandy muds. 

It is evident that the bottoms below 9-10 m have suffered and are perhaps still 
suffering locally from periods of lack of oxygen. This may be due in the first 
instance to conditions of saline stratification in the Bitter Lake. Even under the 
present circumstances of relatively lowered and homogenous salinities, pycno­
dines hindering circulation can still occur locally and temporarily. 

Older information regarding the shallow bottoms of the lake, the "zone vi­
vante" ofGruvel, is more than patchy. According to Tillier the eastern shores are 
muddy, covered with sand and overgrown with very scattered patches of algae. 
The LittIe Bitter Lake has, according to this author, bottoms of much harder 
consistency. Fox (1926) gives only little information about the shallow bottoms of 
the Lakes. He indicates the presence of H alophila-covered sand bottoms between 
1-3 m depth. Gruvel (1936) gives a good map of the Great Bitter Lake and its 
bottoms. According to hirn the shallowest are sheIl-admixed sands and around 
5 m gepth there are muddy sands. Gruvel states that it is rare to find living specimes 
of animals and plants below 6-7 m depth, although the sandy muds descend to 
8-9 m depth before being replaced by the gypsiferous muds (see Fig. 26). 

The most complete information is supplied by Beets (1953) who dredged the 
bottoms of the Great Bitter Lake. His 47 stations cover the whole lake with a 
most satisfactory grid. According to Beets, there are three types of "Plant Zones" 
characterizing the shallow bottoms down to 10 m depth, the depth of the ''fouled'' 
bottoms. Plant Zone 2 is, according to Beets, covered with "Sargassum prob.cris­
pum". In fact, there are probably three species of dominant algae there: Sargassum 
dentifolium, S. subrepandum as weIl as Cystoseira myrica (Lipkin, 1972a). The upper 
limit of the Sargassum zone is about 2-4 m. This type of algal association was 
found by Beets along the western and most probably the southern and southeast­
ern shore. In Beets' opinion there is a connection between the presence of distinct 
plant zones along the western and southern shores and the prevailing northerly 
winds. 

Plant Zone 1 of Beets occupies the shallows of the western and northern 
shores. It seems to this author probable that the zone is present with some 
interruptions all around the Great Bitter Lake. The leading plant in this zone is 
the sea-grass Halophila stipulacea, alm ost exdusive in Beets' words. According to 
Lipkin (1972a) Halophila is intermingled to some extent with another sea-grass, 
Halodule uninervis and with the alga Caulerpa racemosa. Plant Zone 1 extends 
fromjust below waterlevel [usually 25 cm depth, Lipkin (1972b)] down to 2-4 m 
and the Sargassum zone on the western and southern(?) shores. On the eastern 
shore the Halophila meadows form the only subtidal vegetal association. 

Beets' Plant Zone 3 is rather undefmed and formed of very shallow patchy 
algal cover. It is probably similar to the patches of Cladophora species growing 
according to Lipkin on very shallow sands, in fact attached to the protruding 
shells of M actra olorina and other lamellibranchs and gastropods. The alga Ace­
tabularia calyculus appears in the spring, growing on shells admixed to the shal­
low-water sand (Lipkin, 1972a). 

The different plant associations grow on sandy-to-muddy bottoms. The bot­
tom of the eastern shore is much shallower and less steep: here transition from 
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sand to mud is very gradual. The western shore is much steeper, much more wave­
battered and therefore the bottom is heterogenous, sometimes with a considerable 
amount of shell and gravel and locally even with rocky outcrops. 

The litde we know of the deeper and shallow bottoms of the Litde Bitter Lake 
seems to indicate that there are no radical differences from the Great Bitter Lake: 
the sediments seem to be coarser and rocky outcrops more frequent. 

The shores of the Bitter Lakes are generally sandy however, locally and espe­
cially in the northern and northeastern corner, a beachrock-like formation is 
found. There are also small segments of shore covered with boulders. 

The fauna and flora which develop on the boulders will be discussed in the 
following chapter. The beachrock is probably a relatively new formation. Gruvel 
(1936) made good photographs of the beachrock layer and the legend calls it "tuf 
vaseux noir". Por (1971 b) mentions it as a "presently building-up peculiar beach­
rock". Finally, Lipkin (1972b) delves into more detail of the genesis of the Bitter 
Lake beachrock: according to hirn, blue-green algae of the genus Lyngbia cover 
the sediment with a crust and filaments penetrate between the sediment particles, 
packing them together. The process is repeated in the opposite direction when 
new sediment is added and covers the original crust; filaments grow upward 
through the new sediment layer until a new surface crust is established. The 
process, which results in precipitation of interstitial calcium carbonate, is re­
peated several times. Por (1971 b) attributes a role to the sponges, ascidians and 
Brachidontes byssus in the ce menta ti on of sediment, as weIl as to bituminous 
residues of oil. The characteristic alga growing on the litt oral hard bottoms is 
Digenea simplex (Lipkin, 1972 b). 

When speaking of the bottoms and shores of the Bitter Lakes, the littoral 
layers of dead shell and echinoderms must be mentioned. These form thick and 
extremely rich collecting grounds for those interested in the fauna of the Lakes. 
These litt oral accumulations have been mentioned by all the authors who col­
lected in the Lakes and they are indicative of a very rich animallife. 

A few words remain to be said about the bottom of the southern stretch of the 
Suez Canal, between the Bitter Lakes and Suez harbor. The bottom is stilllocally 
muddy but the shores are marly with some rocky outcrops. Gruvel again men­
tions the presence of the "tuf argileux" which is probably the above-mentioned 
beach rock. At Shallufa the Canal passes between rocky banks and as one advances 
further towards Suez, the bottoms become more and more rocky. In this last 
stretch of the Canal, there is, according to Gruvel, again a rich population of 
Branchiostoma lanceolatum. 

2.5 The Biota of the Suez Canal 

The Suez Canal should justifiably be considered and investigated as an envi­
ronment for life per se. Although basically man-made, it has (at least in some 
stretches), a past history of natural existence and can be considered by every 
standard as a chain of several lagoon environments. As pointed out by several 
authors, but most satisfactorily by H. Steinitz (1968) the Suez Canal is not only a 
pathway but also a habitat. Although at times the Suez Canal was seen only as a 
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funnel, a corridor through which animals pass like ships from one sea to the other, 
it is evident that the 162 km could not be passed in one attempt, even by swift 
swimmers. Keller (1882) spoke of an advance of the biota like "caravans" making 
stop-overs from time to time; Tillier (1902) separates "especes ftxes" among the 
ftsh of the Suez Canal; Gruvel (1936) speaks of the necessity for the species to ftnd 
"zones de stabulation" in the Canal. The authors, and most recently Thorson 
unpublished, 1971) never completely ruled out the possibility of planktonic 
larvae being transported through the Canal by currents during one life-cycle step, 
i.e. being hatched in the open waters of the Red Sea and reaching metamorphosis 
and settling down in the open Mediterranean. This hypothesis was, however, 
never supported by any fmding in the fteld. 

Lipkin (1972a), when he opposes my "step by step" advance through the 
Canal (por, 1971 b) and emphasizes the "one-jump" possibility, refers only to 
passive transport by ship. H. Steinitz (1968) accepts as "rare incidents" only, cases 
in which one individual passed the whole length of the route from one sea to the 
other. 

Therefore, Lessepsian migration cannot be understood without an analysis of 
the living world of the Suez Canal wh ich acts as a filtrating funnel. EIsewhere 
(Por, 1971 b, 1973b), I have postulated that the best and perhaps the only proof 
that an Indo-Pacmc species found in the Mediterranean is a Lessepsian migrant, 
is the fact that it is living in the Suez Canal. Only those animals able to survive in 
the Suez Canal environments for some periods or generations, eventually become 
Lessepsian migrants. 

The discussion ofthe biota of the Suez Canal has every right to be considered 
a subject for a monographie study. I shall conftne myself in the following sen­
tences only to those aspects necessary for the understanding of Lessepsian migra­
tion, i.e. the zoogeographical end-product of a successful crossing of the Suez 
Canal. 

One more reservation is necessary. Most of the knowledge concerning the 
living world of the Suez Canal relates to the Bitter Lakes. Since 85% of the water 
volume of the Suez Canal is contained in the Bitter Lakes, this circumstance is 
welcome. However, the lack of information, especially concerning Lake Timsah, 
is very regrettable. 

The following discussion will be brought under three main topics: (1) history 
of colonization; (2) aspects of floral and faunal diversity; (3) zoogeographical 
analysis of the Canal population. 

2.6 History of the Population of the Canal 

Nothing is known about the animal and vegetal populations of the very ftrst 
years of the Canal. Only Tillier (1902) remarks briefly that during a crossing of the 
Suez Canal in June 1871 Qess than two years after its opening) the waters were 
rich in fish, especially Sciaena aquila. Since this fish feeds on mullets, Tillier 
assumes that Mugilidae were also present at that date. 

According to this same author, even the shallow service channel of two to 
three m in depth built in 1863 southward from Port Said already contained fish. 
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The first faunallist-a list of molluscs by Fuchs (1878)-is based on collec­
tions made in 1876. It was only in the winter of 1881-1882 that the first more 
intensive general collecting was done by Keller. At this date Lake Timsah was 
listed with already 23 species of animals, and there is no doubt that this list of 
Keller is incomplete. 

The colonization of the newly dug canal was very rapid. Therefore we can 
barely hope to reconstruct the process: by 1880 the colonization had already 
advanced a long way from its beginning. 

It can be assumed that the water bodies in the Isthmus of Suez were never 
devoid oflife: some ofthese species, called "Isthmus fauna" or "third fauna" (por, 
1971 a, b) were immediately incorporated into the fauna of the new canal. Brachi­
dontes variabilis (=Mytilus variabilis, =M. pharaonis), a typical Red Sea species, 
was already reported by Fuchs in 1876 at Port Said. In the same year M actra 
olorina has been found far to the north beyond EI Qantara (Kantara). These 
shells, together with Cerastoderma glaucum (= Cardium edule), the cerith Pire­
nella conica, Balanus amphitrite, possibly some of the sphaeromid isopods and a 
whole list of benthic copepods (see Por, 1971 b) and also Aphanius dispar might 
have been part of an autochthonous euryhaline isthmus fauna existing before the 
new waterway. 

The euryhaline-estuarine type offish were quick to follow. Sciaena aquila was 
accompanied by the closely related Umbrina cirrosa (Keller, 1882). From the list 
offishes given by this author several other estuarine species can be listed: Mugil 
cephalus (=Mugil oeur), Dicentrarchus lupus (=Labrax lupus) and Crenidens 
crenidens (= C.forskalii). Keller was not an ichthyologist and his collecting was 
not at all intensive. However, his list gives some further information. First, the 
above-listed macroscopic species of the Isthmus fauna were a~l found by Keller. 
To the list must also be added an unidentified nereid polychaete which Keller 
found "everywhere under stones". Among the molluscs a few other species were in 
full advance at Keller's time: Solen vagina, Pholas candida, Pinctada radiata 
( = M eleagrina margaritifera), Anatina subrostrata and Cerithium scabridum. 

It is interesting to note that the third wave of settlers was still confined in 
Keller's time to the southern sector of the Canal, barely reaching the Little Bitter 
Lake. Examples are Circe pectinata, Murex tribulus (=M. crassispina), Fusinus 
marmoratus, Diodora rüppelli (=Fissurella), and Clanculus pharaonis (= Tro­
chus). Algal vegetation was scarce in 1882. Ascherson, who visited the Canal 
sometime around 1875 reports only a "Cladophora"-like alga. Keller mentions 
however the massive advance of Sargassum into the southern sector of the Canal. 
Keller foresaw that the litt oral fauna would start its main advance only after the 
successful deve10pment of an algal vegetation in the Canal. Nevertheless in Kel­
ler's time the relatively few species were present in huge amounts: in Lake Timsah 
the stone slabs were "black with countless Mytilus" and harbored "thousands of 
Sphaeroma". Balanus settled the whole length of the Canal in "unbe1ievable" 
numbers. Pholas is found north of EI Guisr by the thousands, and punctures the 
banks "like a sieve". In the litt oral zone ofLake Timsah "billions of molluscs" live 
and form whole shell banks. 

Krukenberg (1888a) who was in the Canal area in 1886 does not add much to 
our knowledge. He mentions the presence of the medusa Cassiopea andromeda in 
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Lake Timsah and mentions that many Penaeus sp. were fished in Lake Timsah. 
Holthuis (1956) identifies this species as Metapenaeus stebbingi. Krukenberg men­
tions the first capture (in Lake Timsah) of one specimen of Portunus pelagicus. He 
also supposes that Keller's "kleine Krabbe" from Timsah was probably Pilumno­
peus vauquelini, an identification accepted by Holthuis (1956). 

From all that can be reconstructed from Fischer's, Keller's, and Krukenberg's 
information during the period 1870-1890, most of the Suez Canal was inhabited 
by a hyperhaline-estuarine fauna (see Por, 1973 c), forming everywhere huge bio­
masses. The metahaline fauna of the Red Sea was still mostly limited to the 
southernmost section ofthe Canal. 

A change in the biota of the S uez Canal occurred in the last decade of the 19th 
century. The maximum salinity decreased to below 60%0 even in the deeper levels 
of the Bitter Lakes. The significance of this fact was that the metahaline marine 
species of the Red Sea could settle in the Great Bitter Lake and thereafter extend 
their range over the whole ofthe Canal. 

From that point onward the predominance of the Red Sea species in the Canal 
became established and the way for the colonization of the Eastern Medi­
terranean lay open. 

This new situation was exemplified by the advance of the swimming crab 
Portunus pelagicus through the Canal (Fox, 1924, 1926; W. Steinitz, 1929). In 1889 
the crab was still mainly confined to the southern segment of the Canal. In 1893 it 
was caught in great numbers in the Bitter Lakes and in 1898 it had reached Port 
Said. By 1902 it was commonly caught at Port Said. 

Unfortunately, for the whole period extending from Krukenberg's collecting 
in 1886 till the Cambridge Expedition in 1924, no general collecting was done in 
the Canal. There is the very thorough study of fish by Tillier (1902), and for 
molluscs the similarly good works of Bavay (1898), and Tillier and Bavay (1905). 
However both authors spent several years in the Canal area and the years of the 
publication of their studies indicate the latest date for the faunal picture they 
present. There are however, no dates or seasons in which the different species were 
collected or seen by these authors. In 1902 a collection of Copepods were sampled 
through the pump of a throughgoing ship by Professor Herdman (see Thompson 
and Scott, 1903; Por and Marcus, 1972). 

As far as we can judge, by the turn of the century the Canal was already 
inhabited by the same fauna as today. The fact that the Bitter Lakes (and proba­
bly also Lake Timsah) have gone through rapid successional stages until reaching 
a climax lasting from the beginning of this century, has been pointed out by Por 
(1973c). Ben-Tuvia (1975b) collected in the Great Bitter Lake in 1973 only species 
offish which had been already reported by Tillier (1902) 70 years ago. Comparing 
all the known data on molluscs, Barash and Danin (1972) did not find any radical 
change since the fairly exhaustive list ofTillier and Bavay (1905). 

Regarding the other animal groups one has to rely on the results published 
after the Cambridge Expedition in 1924, the Gruvel Expedition in the early 
thirties, the field notes of 1944-1945 by Tortonese-(1952) and data collected by 
Beets in 1950 (Beets, 1953; Holthuis, 1956). If one compares the results of the 
Hebrew University-Smithsonian Institution collecting in the Suez Canal between 
1967-1972 (por and Ferber, 1972; Por et al., 1972 and others) it is evident that the 
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same species are as widespread and dominant as 50 years ago. Por and Marcus 
(1972) reach the circumstantial conclusion that the benthic copepods inhabiting 
the Canal in 1902, when the pump plankton ofHerdman was collected (see above) 
belonged to an essentially similar association as found today. From the two 
studies by Lipkin (1972a, b) it appears that the main water plant populations have 
also been constant since the list of Lyle and RendIe (in Fox, 1926) and Lami 
(1932), not to speak of Beets (1953). It is worthwhile to notice that we have no data 
prior to 1924 concerning the water-plant population of the Suez Canal. It is 
evident that at the time of Keller and of Krukenberg there was no Halophila 
stipulacea in the Canal and the advance ofthe macrophytic algae (besides perhaps 
Cladophora) was only beginning. 

W. Steinitz (1929) considered the possibility of some species having later disap­
peared from the Canal waters. Gohar (1954) even implies that in the very first 
years of the Canal conditions were more propitious for settling of benthic animals 
since "the deposition of mud had not gone so far as to impede the settlement of 
plants and animals on the bottom". Taking up this theme Thorson (1971) consi­
ders that the "bottom which was fairly clean ... in 1869 (!) now consists of an 
increasing layer of gelatinous mud". 

Probably most of the presumed cases of species' disappearance can be attri­
buted to two circumstances: (1) unequal collecting (different sites, different meth­
ods, different seasons); (2) reduction of numbers owing to successional phenom­
ena. W. Steinitz for instance gives the case of Brachidontes variabilis which was 
frequent in the Canal, but in the collections of the Cambridge Expedition it had 
become rare. He thought the same had happened to Mactra olorina. However, 
both molluscs are still very frequent in the Canal system. How little one can rely 
on the fortuitous lack or sparsity of a species in a collection can be shown by two 
examples: Gruvel (1936) found numerous populations of Branchiostoma lanceola­
tum in the Canal: the Cambridge Expedition, less than ten years before did not 
report one specimen. The same author reports the tectibranch gastropod N otar­
chus savignyi as being characteristically associated with Halophila, everywhere in 
Lake Timsah. This species does not appear in O'Donoghue's list (1929) based on 
the Cambridge collections, and Barash and Danin (1972) even believe that their 
record (under the name of Bursatella leachi savigniana) is the first report from the 
Suez Canal. 

Only one instance given by W. Steinitz seems to be a ca se of a possible retreat 
or even disappearance: the rock-boring Pholas dactylus reported as very frequent 
by Keller and subsequently by Tillier and Bavay was not found by the Fox 
Expedition in 1924 "although a special search was made in the Canal banks". The 
sandstone slabs were found "riddled with holes presumably made by aboring 
mollusc but neither living molluscs nor shells were found within" (Fox, 1926, 
p.29). Fox suggests "oil from ships" as one possible explanation for this disap­
pearance. That especially in the artificial canal sectors, pollution and the Canal 
widening project could exterminate whole populations of sessile animals seems a 
reasonable assumption. 

Succession also changed the quantitative appearance of some species. For 
instance, the intertidal levels were at an early stage inhabited only by Balanus 
amphitrite and Brachidontes variabilis. At the present, several other species have 
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Fig.28. A schematic representation of decreasing salinity and dredging events in the Suez 
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successfully carved out their living pi ace in the same biotope; such later arrivals 
are the limpet Cellana rota and the barnacle Chthamalus. Consequently at least 
Balanus amphitrite has become rarer. Other species also, very frequent at the fIrst 
stages, have become less obvious and have perhaps even retreated into the la­
goons of Timsah or the Bitter Lakes. A good example of that is M actra olorina. 

Finally I would like to mention that Ben-Eliahu (1972d) discovered that 
between 1924 and 1967-69 the Mediterranean Polychaeta Errantia started to 
enter the Canal: in 1924 there was not a single species, whereas in the new 
collection seven species were found, Ben-Eliahu even suggests that the infIltration 
ofthe Mediterranean species into the Canal will increase in the future. 

If this assumption is confirmed we shall have a fourth stage in the history of 
the Canal fauna, that of an increase of the Mediterranean influence, As the matter 
stands now, I do not see much reason to accept such a trend. 

In conclusion, the Suez Canal started with a low-diversity autochthonous 
population of hypersaline- isthmus element-species. The fIrst immigrants were 
hyperhaline-estuarine species. The second wave of immigrants were the metaha­
line marine species, At this stage the Canal biota reached a climactic stability 
corresponding to the near-stability reached by its .salinity conditions. The main 
contingent of metahaline animals came from the Red Sea where such species have 
preexisted. An increase of the immigration ofMediterranean species will be even­
tually related to a more gradual advance and an evolutionary adaptation to high 
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salinity metahaline conditions. This successional history is graphically repre­
sen ted in Figure 28. 

Is the colonization of the Canal from the Gulf of Suez still going on? There are 
no data to indicate it. In fact the preadaptation to high salinities and the perma­
nent tidal current reaching the Little Bitter Lake probably gave the chance for all 
potential invaders to reach the Canal. On the other hand, oil pollution has badly 
damaged the environment off Suez and also in the whole Gulf. 

Gruvel (1936) more than forty years ago found that " ... fish as weIl as inverte­
brates are repelled by the presence of oll from all the area near the Port Taufiq 
refineries and consequently from the entrance of the Canal". Gruvel states that 
the diversity offishes has decreased in the Bay of Suez. As for the southern section 
of the Canal he writes "the number of fish and molluscs has diminished in this 
part of the Canal and in the lake from year to year". The decrease in the number 
of pearl oysters in the southern Canal is also due to the crude oil and refmery 
products, carried into the Canal by the tidal current: "they chase away the ani­
mals which can escape and destroy the sedentaries". 

In the last decades the oll fields of EI Morgan and Abu Rudeis have been 
increasingly operated on the Sinai coast of the Gulf. Most of these fields are 
submarine and big spills around the platforms are frequent. I had the occasion in 
1974 to witness the heavy oil pollution caused by an accident on one of these 
platforms. More oil fields are operated on the African side of the Gulf. 

It is, therefore, hard to conceive that new, i.e. more sensitive and stenotopic 
species, slower migrators, should have had better opportunities to colonize the 
Canal in the last years. Quite on the contrary, it is conceivable that some species 
which succeeded in gaining a foot-hold in the Southern Canal but could not reach 
the open expanses of the Bitter Lakes, were wiped out by the oil-Iaden tidal 
currents flushing past the refmeries and oll terminals at Suez. 

2.7 Species Diversity in the Suez Canal 

This chapter considers the climax conditions presumably reached by the Suez 
Canal biota. Thorson (1971) calculated that the collections ofthe 1924 Cambridge 
Expedition containafaunaof318 species in the Canal. Lipkin (1972a) gives a list of 
96 species of algae and sea grasses [if one disregards further three dubious find­
ings by Muschler (1908)]. Por and Marcus (1972) give a total of 83 species of 
Copepoda Harpacticoida collected till now in the Suez Canal. Schellenberg's 
(1928) and Ruffo's (personal communication) lists brings the number of Amphi­
poda to 46 species. From different sources one may estimate that there are some 
150 species ofmolluscs in the Canal. The report by Eitan (1972) brings the known 
species ofthe Bryozoa from the Canal, to 35 species. Ben-Eliahu (1972d) enumer­
ates 78 species of Polychaeta Errantia. In Tillier's time (1902) there were 78 species 
offish in the Canal; to this even the small coll_ection reported by Steinitz and Ben­
Tuvia (1972) adds another seven species. 

One can thus assume that the total number of species in the Canal is in the 
magnitude of 1000-2000 species. Therefore, there is no reason to compare the 
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Suez Canal with typical and impoverished hyperhaline lagoons such as Laguna 
Madre or Sivash (Hedgpeth, 1957). 

The Canal is a marine-metahaline environment. The species are almost exclu­
sively of marine origin, however, the diversity is reduced because of a combina­
tion of high salinity-Iow temperature, adverse bottom and turbidity conditions. 
This is a typical metahaline situation. There are several animal groups in which 
the hyperhaline-estuarine species are also fairly weIl represented: fish, decapods, 
and copepods, as weIl as nematodes (Riemann and Rachor, 1972). Some taxa, such 
as Nemertes, Acarina, and Tanaidacea, etc. have still not been investigated. Be­
cause of the shallowness of the Canal system, animals living on deep bottoms are 
missing from the Canal fauna. The dearth ofthe plankton is however, a phenome­
non much less suspected at ftrst sight. Some typically holoplanktonic groups are 
missing from the Canal waters and the Canal lakes, for example Radiolaria, 
Foraminifera, Siphonophora, Ctenophora, planktonic Polychaeta, Myodocopid 
Ostracoda, Hyperiidea, Euphausiacea, Pteropoda, Heteropoda, Appendicularia, 
and Thaliacea. 

Among the planktonic larvae no Echinodermata have ever been found in the 
Canal waters. 

Holoplanktonic groups with a very restricted number of representatives in the 
Canal are Dinoflagellata, Tintinnida, Chaetognatha, Copepoda, and Cladocera. 

Among the Dinoflagellata, Halim (1963), Kimor (1972), and Dowidar (1973) 
report Ceratium furca, Ceratium aegyptiacum and Ceratium eupulchellum. There 
are two tintinnids, Tzntinnopsis beroidea and T.radix (Kimor, 1972). Burfteld 
(1927) lists three arrow worms: Sagitta enflata, S. neglecta, and the neritic Spadella 
cephaloptera; there are no newer reports. Gurney (1927 c) lists ten species of 
Calanoida which appear in the Canal waters, another ftve species were limited to 
the Canal entrances. From the Cyclopoida only Oithona nana spread in the Canal 
and from the Harpacticoida Microsetella norvegica and Euterpina acutifrons. Co­
rycaeidae were found only in a few scattered specimens and no Sapphirinidae and 
Copilia were found. 

Gurney (1927 c) reports the Cladocera Penilia avirostris and Evadne terges­
tina; Kimor (1972) adds the remarkable Bosmina coregoni maritima, an estuarine 
cladoceran of freshwater origins. Among the Decapoda the planktonic Lud/er 
hanseni is found in the Lakes. In sam pIes from December 1973 from the Great 
Bitter Lake, I found many specimens of Praniza larvae of gnathiid isopods and 
also Microniscus larvae. 

The larval plankton is domina ted by the swarms of nauplü of Balanus. Gurney 
(1927 a) found larvae of Penaeidae, Alpheidae of Palaemonidae, of Diogenes pugi­
lator and of Leucosia signata, all species also reaching maturity in the Canal 
system. 

Schmidt (1972) considers that only the Hydrozoa with meroplanktonic larvae 
live in the Suez Canal and that therefore, they spread by means of short-lived 
medusae through the Canal. 

Among the "epibenthic" planktonic organisms the Mysidacea are fairly com­
mon (Tattersal, 1927; Bäcescu, 1973). 

Kimor (1972) considers that the poor plankton of the Suez Canal is composed 
of euryhaline species, similar to those in estuarine environments, such as the 
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Sirbonic Lagoon (Bardawil), or the Qishon estuary near Haifa. He considers 
among the unfavorable conditions for the plankton life in the Canal, besides the 
high salinity and turbidity, "the shallowness of the Canal which alm ost excludes 
the passage, or even the temporary habitation of pelagic organisms committed to 
a certain degree of vertical migration". In my opinion vertical movements of the 
planktonic organisms are further hindered by the saline stratification of the wa­
ters in the Canallakes. 

It is interesting in tbis connection that the snail Murex anguliferus, which 
hatches already in the "swimming-crawling" stage and has probably a very short 
pelagic life, is widespread in the Canal. Another Red Sea species, Murex ramosus 
has a veliger with three days of pelagic life: this species has not penetrated into the 
Canal [letter by Thorson, Israel J. Zool. 21 (1972), p.375]. Probably also the wide 
array of crab species which live in the littoral of the Red Sea often at fairly high 
salinities did not settle in the Canal because of their planktonic larval life: only 
one species of each Majidae, Grapsidae and Ocypodidae are widespread (Hol­
thuis, 1956). After having listed 12 species of Echinodermata from the Canal (the 
crinoid Lamprometra palmata has been found only at Km 146), Mortensen (1926) 
discusses the fact that the widest-spread species in the Canal is the brittle star 
Amphipholis squamata which has no pelagic larvae. He writes: "pelagic larvae are 
not a necessary condition for rapid spreading (in the Canal)". 

The combination of high salinity and turbidity is to blame for the peculiar 
composition ofthe fish-fauna and of the benthic fauna in the Suez Canal. 

The fishes are first of all characterized by the euryhaline-estuarine species. 
These are still the numerically dominant group in the Canal. Despite the fear 
expressed in the Mediterranean world that the opening of the Suez Canal would 
result in an invasion by the man-eating Red Sea sharks, nothing similar hap­
pened. The Selachia are among the less-well represented animal groups in the 
Canal. There is in fact only one species of bottom sharks, Himantura uarnak 
which lives in the Canal. Gruvel (1936) speaks of occasional captures of hammer­
sharks in the Bitter Lakes, but the report is not scientifically documented. 

Understandably also high-sea pelagic fishes-such as Scombridae-are 
poorly represented in the Canal fauna. Exceptions among the pelagic fishes are 
Sardinella aurita, which penetrates from the Mediterranean, the euryhaline an­
chovy Engraulis enchrassicolus, Pomatomus saltatrix and the migrant Dussumieria 
acuta. The second and fourth of these species were reported in the Canal waters 
already by Tillier (1902). 

Several families of fishes such as Labridae, Scaridae, Chaetodontidae, and 
Scorpaenidae, are not represented in the Canal fauna. One is inclined to think 
that the reason is first of all the lack of rocky bottoms and the associations of 
animals it carries, and especially the scleractinian reefs. 

There are no coral reefs in the Suez Canal. From all the wealth of skeleton­
forming Hydrozoa and Anthozoa, only the small gorgonarian Acabaria ery­
thraea is found. This is an inhabitant of infralittoral boulders in the Red Sea, 
exposed to fluctuating environmental condifions. Dean (1929) reports that Aca­
baria was found growing on a sunken dredger which had been brought to Port 
Said, and eventually survived there for two months. 



Species Diversity in the Suez Canal 79 

There are no Octocorallia in the Canal and from the rich fauna of Actinaria 
from the adjacent seas only four species settled in the canal by 1924 (Carlgren, 
1927). One of these is the swimming sea-anemone Boloceroides hermaphroditica 
from the Red Sea, a highly mobile species. 

The whole range of species connected with the coral reefs is consequently 
lacking from the Suez Canal. Barash and Danin (1972) give a whole list of missing 
families of molluscs: Architectonidae, Cypraeidae, Cymatiidae, Bursidae, Corallio­
philidae, Mitridae, Conidae, Terebridae, and Tridacnidae. There are very few 
species of Polyplacophora, probably only one Scaphopod and not more than 
three species of Cephalopoda reported in the Canal. Here again the combination 
of salinity and edaphic conditions plays the principal role. 

There are few species of Opisthobranchia in the Canal; however, some of them 
appear in great numbers, like the two species of Berthellina, Bursatella leachi 
savigniana (= N otarchus savignyi) and Archidoris O'Donoghuei. These are species 
living among the abundant growths of Halophila and the sponges which are 
associated with the creepers of this marine water plant. 

Barash and Danin (1972) point out the interesting fact that in the Suez Canal 
there is a predominance of the number of species of Bivalvia over that of Gastro­
poda, despite the fact that in every sea the snails are usually more numerous than 
bivalves. This abnormal relation between the species diversity of the two main 
molluscan classes appears in all the collections made in the Canal since Tillier 
and Bavay (1905). The reason for this must be sought in the prevalence of the 
sedimentary bottoms over the hard bottoms. 

At the other end of the animal kingdom, among the benthic Copepoda Har­
pacticoida, Por and Marcus (1972) remark that a whole array of rock-dwelling 
families are missing from the Canal waters: the Tegastidae, Peltidiidae, Porcellidi­
idae and to a great extent, the Tetragonicepsidae. 

Generally speaking the Suez Canal environment is ideal for shallow mixed­
bottom species. Among the molluscs, and more particularly gastropods, species 
living in the badly sorted soft bottoms of sandy-mud, such as Murex anguliferus, 
Murex tribulus, Fusinus marmoratus, Cerithium scabridum, and Strombus tricornis 
are extremely numerous in the Canal. In Gruvel's (1936) very detailed description 
ofthe soft-bottom associations ofLake Timsah, there are several species of lamel­
libranchs which appear in "quantites industrielles": Gafrarium pectinatum, Cal­
listaflorida, Tapes decussatus, and Mactra olorina. Among the crabs, the Leucosi­
idae, a family typical of mixed bottoms are well represented by three species. 

In the mixed and muddy bottoms of the Lakes several echinoderms are fre­
quent, Synaptidae among the sea-cucumbers (3-4 species), Astropecten polyacan­
thus and several species of small brittle star (see also Beets, 1953). 

Robinson (1927b) reports the Enteropneust Dolichoglossus gurneyi as inhabit­
ing the shallow muddy bottoms of Lake Timsah sometimes in "enormous num­
bers". As already reported above, Branchiostoma lanceolatum is extremely abun­
dant on the different types of sediment found in the Canal sectors, but not in the 
Lakes. Among the smaller benthos, Nematoda, Polychaeta, and Cumacea are 
very common, being typical for mixed bottoms. Among the harpacticoid cope­
pods the level bottom species of the Cannuellidae, of the genus Stenhelia, as weIl as 
the very eurytopic mud-Ioving Typhlamphiascus confusus are very frequent. 
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Nearer to the shore a sequence of plant communities typieal of other sheltered 
areas of the Red Sea is found. From the shore downwards these are Digenea 
simplex, Halophila stipulacea, Halodule uninervis, Cystoseira, and Sargassum spp. 
The littoral fauna associated with these plants is also the fauna found everywhere 
with them in the Red Sea. This so-called "Halophila fauna" and the neighboring 
"litt oral boulder fauna" has been discussed to some extent in a previous paper 
(Por, 1971 b) as being extremely characteristie of the Bitter Lakes and Lake Tim­
sah. The similarity of the Canal lakes' biota, with those of the semienclosed 
lagoons ofthe Northern Red Sea will be discussed below. 

An impoverished fauna is found at the water level and in the belt correspond­
ing to the intertidal, in the almost tideless canal water. Only those species of the 
Red Sea and Mediterranean intertidal are found whieh can survive or even thrive 
in sheltered environments. For instance, there are no representatives ofthe genus 
Littorina (sensu latu), no Monodonta, nor the big barnacles of the genus Tetraclita. 
Dominant there are Brachidontes variabilis, Diodora rüppelli, and Balanus amphi­
trite. Other species living in this belt are Crassostrea (cucculata?), Cellana rota, 
Modiolus auriculatus, and Chthamalus (stellatus? ). 

FinaIly, an important constituent ofthe Canal fauna is formed by the so-called 
"phytal fauna". Especially frequent are animals living on algae and water plants, 
and covering artificial substrates such as piers and buoys. These organisms partie­
ipate in the fouling community found on ship hulls. Sponges, Hydrozoa, and 
Ascidiacea belong to this category. As for the smaller fauna, Pycnogonida, Hydra­
carina, and Amphipoda are widespread. Among the harpactieoid Copepoda the 
dominant ecological group is that of the phytal species (Por and Marcus, 1972). 
Among the Ostracoda also, the phytal species Loxoconcha gardaqensis is the most 
frequent (Lerner-Seggev, 1972). Of the ten species of Isopoda reported from the 
Canal waters (Glynn, 1972) seven or eight are typieal of phytal habitats. Schellen­
berg (1928) in his exhaustive paper on the Suez Canal Amphipoda remarks the 
almost complete absence of the forms whieh burrow in the substrate. On the other 
hand, species "whieh climb among water plants and frxed animals" are weIl 
represented. 

The Great Bitter Lake has sometimes been seen as an extreme hypersaline 
environment, with the connotation of low species diversity. Oren (1969) consid­
ered the Bitter Lakes as they were prior to 1924 "a solid barrier to the passage of 
organisms". To Thorson (1971) the Great Bitter Lake through a combination of 
hypersalinity with extreme high temperature (sie!) was an environment "proble­
matie for adult animals and, probably, impossible for larvae". For a European 
marine biologist the salinity values ofthe Great Bitter Lake were hypersaline, and 
therefore beyond the range ofthe marine fauna. For the salinity-adapted Red Sea 
fauna this is different. 

Keller (1882) found the fauna ofthe Bitter Lakes to be richer than that of the 
Bay of Suez. Fox (1929) concluded that the high salinity is not unfavorable to 
certain forms of marine life, and that the faun!! of the Lakes is rich both in species 
and numbers ofindividuals. The teeming life in the Bitter Lakes is still a matter of 
surprise to everybody who visits its shores. In species diversity the Bitter Lakes 
can be compared weIl to a shallow and mixed-bottom gulf of a tropieal sea. 
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2.8 Reproduction and Sizes of Animals in the Suez Canal 

This chapter would have been large1y unnecessary had it been c1ear to every­
body that the Suez Canal is an environment to life as every other water body and 
not only a passage way, as it has been abstractly considered. 

Time and time again, authors were surprised to report that they found repro­
ductive or egg-bearing species in the Canal, on the assumption that the Canal 
system operates like a hypersaline or brackish lagoon, with adult populations 
either leaving for reproduction or having to be constantly reinforced by new 
swept-in swarms of larvae. Such a behavior can be expected from good swimmers: 
fish, penaeid shrimps, portunid crabs, or cephalopods. However, there are no 
indications that a migratory "catadromous" life cyc1e actually exists in any of 
these species in the Canal. The system, especially owing to the brackish areas of 
Lake Timsah, may in fact offer a very wide range of salinities for those species that 
need a certain salinity value in order to reproduce. Catadromous reproductive 
behavior is probably present but far from being the rille. 

Among fishes, Tillier (1902) reports the following species as reproducing in the 
Canal: Atherinaforskalii (= Atherina pinguis), Clupea quadrimaculata, Crenidens 
forskalii (= C.crenidens), Mugil seheli, M.capito? and M.saliens? No additional 
nektonic fish in spawning stage has been reported since! 

The nektonic decapods positively known to reproduce in the Canal are: Pen­
aeopsis stebbingi, the larvae of which Gurney (1927 a) found in the Canal, and the 
swimming crab 1halamita poissoni, which Calman (1927 a) found to be ovigerous. 

From the more "sedentary" organisms of the Canal re1atively few have been 
reported to reproduce there. In fact, the collections are not specially analyzed for 
that; reporting of"adillt" specimens is not enough. Fishes, for example, have to be 
dissected. Hippocampus hippocampus males were found with brood pouches full of 
deve10ping eggs (Steinitz and Ben-Tuvia, 1972). 

In molluscs the situation is similar for the bivalves; the egg-masses of Gastro­
poda can, however, be identified, especially by the large-sized spawns. The only 
cases in which reproduction of molluscs within the Canal could be proven are 
those reported by Barash and Danin (1972) in which egg masses were found, i.e. of 
Murex anguliferus, another species of Murex and an egg collar of Natica sp. 

The situation is somewhat better in the case of benthic Decapoda; not only 
because most of them are egg-bearing animals, but also due to the fact that 
Gurney, the undisputed authority on decapod larvae, had had the opportunity to 
collect them personally. Larvae or egg-bearing females of 11 species of Decapoda 
were identified in the Canal waters (BaIss, 1927; Calman, 1927a; Gurney, 1927a; 
Holthuis, in Por and Ferber, 1972). Gurney adds to the list another two unidenti­
fied types of crab larvae. If one considers, according to Holthuis (1956), that there 
are 38 species ofDecapoda known from the Canal proper, then the 11-13 species 
known to reproduce there represent quite a high percentage. This is even more 
impressive if one takes into account that the Cambridge Expedition collections 
covered only the months of September and October. In the case of the ascidians of 
the Cambridge Expedition the ratio of the ovigerous species is equally high, i.e. 
eight out of 25 (Harant, 1927). The case of the Decapoda and Ascidiacea may 
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indicate that reproduction in the Canal should be considered to be the rule rather 
than the exception. 

Schellenberg (1928), analyzing a very diversified collection of Amphipoda, 
wrote that the populations in the Canal do not differ in fertility and in size from 
the populations outside the waterway. The same is true for the harpacticoid 
copepods, analyzed by Por and Marcus (1972). 

The size problem has been mentioned in passing by Fox (1929). He set out to 
inquire whether the high salinity has a stunting effect on the Canal anirnals. The 
results of Fox indicate that the specimens living in the Canal are not smaller than 
their conspecifics living in the open sea. In some cases, such as the sea cucumber 
Synaptula reciproquans, the ascidian Phallusia nigra and the grey mullet Mugil 
cephalus, sizes are even greater than usual. No author ever reported having found 
specimens sm aller than usual, or individuals deformed or deleteriously developed 
in any sense. One can, therefore, assurne that the Canal populations live within 
their eco-physiological range. The populations living in the Canal reproduce 
normally, and are not dependent on occasional reinforcements coming from out­
side. The species living in the Canal are preadapted to the conditions which they 
encountered and there was no need for an adaptative process, or for appearance 
of "physiological races", nor of new genetic combination or subspecies. The Red 
Sea species inhabiting the Canal have behind them a long history of adaptation to 
high salinities in many different sites oftheir zoogeographical range. 

2.9 The Metahaline Environments 
of the Red Sea and the Persian Gulf 

To understand the success of the Red Sea species in the settling of the high 
salinity waters of the Suez Canal, one must for a moment raise the curtain over a 
much larger scene, that of the Western Indian Ocean. The hot desert shores of 
Arabia, the horn of Africa, and Persia shelter a wealth of semi-isolated litt oral 
basins, with higher-than-sea salinities. If these basins are deep and permanently 
water-filled, they are termed "Ghor" or "Sharm". If they are shallow and periodi­
cally or permanently reduced to salt swamps, they are called "Sabkha". Evapora­
tion may reach such high values as 300 cm/year. 

In all these environments marine biota live, adapted unilaterally to high salini­
ties. It is in a sense a hyper-eurhyalinity as opposed to the much better-known 
amphi-euryhalinity ofthe estuarine organisms. 

The term metahaline, as proposed by Por (1972), covers environments of high 
salinity which are still inhabited by marine biota, fulfilling all their life-cycle in the 
respective basin. The marine hyper-euryhaline organisms of this type are conse­
quently called metahaline organisms. The upper limit of the "Metahalinicum" has 
to be sought over 70%0 when through CaC03 precipitation the physico-chemical 
properties of the water change. The metahaline organisms are replaced there by 
amphieuryhaline organisms, many of which necessarily reproduce outside the 
high salinity basin. 

At times, especially at low eustatic levels, whole portions of the adjacent seas 
of the Indian Ocean-the Red Sea and Persian Gulf----could turn into high-
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salinity metahaline bodies (por, 1975a). The northern tip of the Red Sea, in the 
Gulf of Suez, reaches even today salinities of over 44%0. It is now generally 
accepted that during the Würm Glacial, the salinity of the Red Sea was even 
higher. 

The shores of the Red Sea have many lagoon environments with salinities 
exceeding that of the open sea. Along the Sinai coast several such lagoons have 
been investigated more or less thoroughly: Ras Matarma; EI Bilaiyim; the 
mangrove lagoons ofNabq; the pool ofDi Zahav (Dahab) (see Map. 2). 

The shallow Persian Gulf has salinities reaching 40%0 in the offshore waters. 
Along the southern coast, the Trucial coast, the salinity of the shallow shores 
reaches 50%0. In some lagoons values of even 70%0 are reached. 

Along with the evaporation-induced high salinity, considerable fluctuation of 
temperatures in these metahaline environments also occurs. In some lagoons of 
the northern Red Sea, winter temperatures of 10° C have been measured. Even in 
the Persian Gulf sabkhas, winter temperatures of 15° C alternate with 40° C in the 
summer. The metahaline species are, therefore, adapted to minimum tempera­
tures which are very much below tropical values. The adaptation to high salinity 
and low temperature can be considered together as apreadaptation to successful 
migration into the Suez Canal. Some of the above-mentioned environments and 
their biota, especially species also known in the Suez Canal, will be briefly pre­
sented below. 

The Gulf of Suez. There are no comprehensive studies on the environments of 
this Gulf. With salinity increasing from 41 %0 at the entrance of the gulf (maximum 
60 m deep), to 44%0 at the northern tip, and the decrease of minimum winter 
temperatures from south to north, reaching a low 15-16° C, there is a gradual 
depletion of the tropical fauna. Coral reefs are found only in the southern sector 
of the Sinai coast. In the northern two-thirds of the coast, corals are adventive, 
young colonies i.e. coral communities instead of coral reefs (in the sense of Wain­
wright, 1965). The species diversity of the corals also decreases. This depletion is 
probably due not only to high salinity and low winter temperatures, but also to 
recurrent and catastrophic low tides which expose and kill the corals (Bannwarth, 
1913) and to high turbidity. It goes without saying that many of the animals 
dependent on a flourishing coral reef do not reach the northern end of the Suez 
Canal. 

From the many species of rock-living sea urchins of the Red Sea only two 
species, Diadema setosum and Echinometra mathaei reached the northern end of 
the Gulf of Suez according to James and Pearse (1969) Lawrence (1973) reported 
that these two species are more resistant to low temperatures than Echinothrix 
calamaris and Tripneustes gratilla, species which do not reach the Gulf of Suez. 
Even the widespread and common brittle star of the Red Sea, Ophiocoma scolopen­
drina, does not reach the Gulf of Suez (James and Pearse, 1969). The molluscs of 
the Bay of Suez, near the opening of the Suez Canal, have been well investigated 
since the times of Isse1, Vaillant, Fischer, and Fuchs. The resulting data show 
c1early that the molluscs of the Canal represent an even more impoverished 
version ofthe Bay ofSuez assemblage. -

It is unfortunate for our subject that so little is known about the northern Gulf 
of Suez. However, it is evident that its environment is a first hurdle which the 
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would-be settlers of the Canal have to pass on their way, a ftrst sieve in the 
"sieving channeI" ofthe Suez Canal. 

Ghor Blayim also known as EI Bilaiyim is a twin lagoon on the Sinai coast of 
the Gulf of Suez. The northern lagoon, 2 km long and 800-1000 m wide, has a 
depth of 15 m; the southern lagoon is smaller and shallower (up to 8 m). There is a 
1-1.5 m deep narrow opening to the sea. The salinity reaches 48%0 in high summer 
while in the winter it is nearer to open sea salinities, i.e. 41-42%0. 

The northern lagoon is more sandy, with Tellina sp. as dominant mollusc. In 
the southern lagoon, bottoms are predominantly rocky at shallow depths. Vegeta­
tion shows a typical zonation with Digenea simplex in the shallows, Halophila 
stipulacea and Caulerpa racemosa below, and Sargassum and Halimeda at depths 
of 2-3 m. There is a monospeciftc coral reef in the lagoon, formed of Stylophora, 
the most metahaline resistant Red Sea scleractinian. According to Loya (1976) 
this is a typical r strategist, a pioneer species. The soft corals are represented by 
only one species, Sinularia. Remarkable for our purpose is the fauna of molluscs 
and of ftsh. Besides Spondylus and Chama broderipi, which are not represented in 
the Suez Canal, the dominant molluscs are Pinctada radiata, Mactra olorina, 
Malleus regula, Fusinus marmoratus, Strombus tricornis, Murex tribulus, and Dio­
dora rüppellii-all successful migrants into the Canal and even into the Medi­
terranean. The ftsh fauna, although not completely investigated, is characterized 
by estuarine species: outstanding is the presence of Serranus cabrilla, Dicentrar­
chus punctatus, and Liza aurata, three euryhaline species, two of them of Medi­
terranean origins (Ben-Tuvia, 1971 b, 1975b, personal communication). Accord­
ing to Lipkin (1972 b) the vegetation of the Bitter Lakes is comparable to that of 
the Bilaiyim lagoon, and represents a more hypersaline variety of the latter. The 
parasitofauna of the Bilaiyim ftshes has much in common to that of the Bardawil 
lagoon (I. Paperna, personal communication). 

Further investigation on the fauna of EI Bilaiyim will no doubt increase the 
number of similarities with the Bitter Lakes. Por (1969a) for example found 
considerable similarities in the Canuellidae (Copepoda, Harpacticoida) inhabit­
ing the two metahaline water bodies. Two of the isopods living in the Suez Canal, 
Synidotea hirtipes and Cymodoce truncata have also been recorded by Glynn 
(1972) from EI Bilaiyim. 

The Mangroves of Southern Sinai present salinities as high as 47%0 (Por and 
Dor, 1975b) and can also be considered as environments in which adaptation of 
Red Sea biota to metahaline conditions took place. Here again Digenea and 
Halophila are dominant plants, associated with other Suez Canal species: Halo­
dule uninervis, Spyridia Jilamentosa, Laurencia papillosa, and Caulerpa racemosa. 

Among the molluses widespread in the Sinai mangrove we can mention again 
Strombus tricornis and Fusinus marmoratus, together with Cerithium scabridum 
and Brachidontes variabilis. The medusa Cassiopea andromeda and Palaemon 
pacificus are very common in between the mangrove trees and aerial roots. 

Di Zahav pool (Por and Dor, 1975a) is a small (110 m x 70 m) pool on the Gulf 
of Elat coast of Sinai, which communicates with the open sea only through 

Map 2. Israel and Sinai coasts (Israel: Cease Fire Lmes, 1967) [from Por et al., 1972, 
reprinted from Israel J. Zool. 21 (3-4)] 
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permanent seepage. Salinity fluctuates between 45%0 and 60%0 and winter temper­
ature may be as low as 10° C. Nevertheless, among the relatively few species 
which live in this peculiar and extreme environment we can still find several 
species common also in the Suez Canal: Diodora rüppelli and Ancillaria cinnamo­
mea, a small cowrie-like snail, as weH as the medusa Cassiopea andromeda, the 
isopod Cymodoce truncata and the red alga Laurencia papillosa. 

All the coastal shallows of the Red Sea may be considered as a metahaline 
area, with salinities reaching 45--46%0. This was evidenced for the fIrst time by 
Remane and Schulz (1964) who briefly discussed the growths of Digenea simplex 
at Al Ghardaqa. 

The Persian Gulf has extensive areas of high salinities along its southern 
shores. The biota of the Gulf shows a gradual depletion with increasing salinity, a 
"restriction" as termed by Purser and Seibold (1973). The restriction in the fauna 
is shown in the open waters of the Gulf where such Indo-PacifIc genera as Tri­
dacna or Lambis do not occur. According to Hughes and Kay (1973), Conus and 
Strombus, all the pectinid sheHs and almost all of the sea urchins disappear at 
salinity values of 45%0. Of all the coral species only Porites advances to 48%0. 
However, marine biota can be still found at higher salinities. Among them are 
many ofthe Suez Canal species. According to Kessler (1973) the sea star Asterina 
wega, Astropecten (probably irregularis) and an unidentified brittle star can still be 
found at > 50%0 in Ghor al Bazam. 

In the Abu Dhabi lagoon Evans et al. (1973) report aquatic plants such as 
Halophila stipulacea, Halodule uninervis, Jania sp. and Acetabularia sp. from salin­
ities reaching 50%0. Several species of molluscs still live on the intertidal flats of 
the inner lagoon with salinities of 53.6-66.9%0, among them Cerithium scabridum, 
Brachidontes variabilis and Pirenella conica. It is interesting to note that the most 
salinity-resistant of the sea urchins on the Abu Dhabi shore is Echinometra ma­
thaei, which lives at salinities of 42.7-44.5%0, a similar situation to that in the 
northern Gulf ofSuez. 

The coastal metahaline environments of the Indian Ocean and the adjacent 
seas, the Red Sea and the Persian Gulf, are still insuffIciently investigated. It seems, 
however, reasonable to assume that more and more species known in the Suez 
Canal will be found also in these other high salinity environments. It is evident 
that large parts of the Canal fauna are in fact species which were "adaptative1y 
ready" to invade the artifIcial metahaline environment built by de Lesseps. 



3. The Migrant Biota 

3.1 What is a Lessepsian Migrant? 

The term "Lessepsian" was first used by Por (1964) to characterize the new 
phase into which the Eastern Mediterranean had entered with the opening of the 
Suez Canal. Por (1969a, 1971 b) coined the term "Lessepsian migrant" for Red Sea 
species which have passed through the Suez Canal and settled in the Eastern 
Mediterranean. 

In zoogeography the phenomena are usually studied post factum and the 
argumentation is circumstantial. The opening of the Suez Canal and the first 
reports on erythraean immigrants in the Mediterranean kindled the enthusiasm 
of zoologists. The Suez Canal became a link to justify the presence of tropical 
species even in the Black Sea or the finding of Atlantic species in the southern Red 
Sea. 

A primary task for anyone who studies this subject is to weed out the consid­
erable number of would-be migrants, according to a set of criteria as reliable as 
possible. This has been attempted on two previous occasions (Por, 1971 b, 1973 b). 

I shall try to point out the different categories of reasoning I have used to 
reject would-be migrants, and to differentiate between presumable and certain 
Lessepsian migrants. It would be presumptuous to claim that the judgements 
proposed are ofabsolute value. However, every phenomenon can be studied only 
on the basis of a set ofworking principles. 

Circumtropical Species. These are present ab initio on both sides of the Suez 
Canal. This is true in the case of many planktonic species: Kimor (1973) writes 
that the microplankton ofthe Mediterranean and the Red Sea "is characteristic of 
all warm-water seas in the world and therefore alm ost circumtropical in distribu­
tion". Even in cases like the Tintinnidae, in which according to Kimor (Komarov­
sky, 1959) the resemblance between the Red Sea fauna and the Eastern Medi­
terranean fauna is greater than between the Eastern and Western Mediterranean; 
Kimor (1973) attributes this to the effect of resembling abiotic factors rather that 
to a migrational effect. Alvariiio (1974) assures that the presence of the siphono­
phorans Chelophyes appendiculata and Sulculeolaria chuni on both sides of the 
Suez Canal is due to cosmopolitan distribution and that "the source of the popu­
lations in the regions adjacent to the Suez Canal may be in the adjacent regions". 
Circumtropical, or tropicopolitan species among algae have frequently been con­
sidered as Lessepsian migrants, e.g. the species of Caulerpa found in the Eastern 
Mediterranean (HameI, 1930, 1931; Rayss, 1941). Many of the weed-haunting 
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harpacticoids (Por and Marcus, 1972) are circumtropical or even cosmopolitan. 
There are also some cases in which a circumtropieal distribution has become 
evident only recently-either due to more thorough collecting, or to a taxonomie 
revision. Such may be the case of the little pearl oyster Pinctada radiata which is 
circumtropical according to its presence along the western shores of America and 
its wide distribution in the Western Mediterranean. The fishes Carcharhinus brevi­
pinna, Etrumeus teres, and Parexocoetus menta whieh are often considered to be 
migrants from the Red Sea are, in fact, circumtropical species (Ben-Tuvia, 1971 a). 

Circumafrican Species. These are species found not only in the Mediterranean 
and the Red Sea, but also along the Western shores of Mrica, and some of these 
species are, in fact, circumtropical. These species had ample opportunities to 
reach the Mediterranean through the Straits of Gibraltar or through previous 
connections of the Mediterranean with the Atlantie. Aspidosiphon elegans-a 
representative of a very old genus of Sipunculida, is considered by Wesenberg­
Lund (1957b) to be amigrant through the Suez Canal. However, this species is 
also known from West African shores, from whence it probably reached the 
Mediterranean. 

Species Not Found in the Vicinity of the CanaL Here the problem is more 
complicated. There are several instances in whieh a species formerly considered to 
be Atlanto-Mediterranean is also reported from the Southern Red Sea. Some of 
the species of Polychaeta, reported by Fishelson and Rullier (1969) as having 
migrated through the Suez Canal, have been reported from the Southern Red Sea. 
The bopyrid Parathelges racovitzai reported by Codreanu (1967) from the Black 
Sea as an Indo-Pacific element cannot be reasonably considered as a Lessepsian 
migrant since the distance it had to cover and the extremely different conditions 
to which it would have had to adapt obviously rule this out. 

Schmidt (1972) reports five species of Atlanto-Mediterranean hydroids from 
Elat. He considers the possibility of their having used passive transport (on ship 
hulls) in order to circumnavigate the Sinai peninsula. This is, of course, a possibil­
ity whieh cannot be ruled out, although it seems much more probable that the 
species are and were present in the Red Sea before the opening of the Canal. 

Pre-Lessepsian Species. Although information on species distribution before 
the opening of the Suez Canal is scarce, in some instances it serves to disqualify 
would-be Lessepsian migrants. Such is the case of the polychaete Eurythoii com­
planata, a species widespread in the Indo-Pacific whieh, however, was reported 
from Beirut before the opening of the Canal (Fauvel, 1955). The fish Serranus 
cabrilla, an Atlanto-Mediterranean species, usually considered to be amigrant 
through the Suez Canal, was reported from the Red Sea before the opening of the 
Canal (Klunzinger, 1884, based on Hemprieh and Ehrenberg). 

The euryhaline species, called "Isthmus species" (see above), such as Cerasto­
derma glaucum, Pirenella conica, Aphanius dispar, and eventually Mugil auratus 
and Dicentrarchus spp., could have crossed the isthmus before the shipping chan­
nel was opened. 

Ship-Fouling Fauna. As remarked in a previous paper (por, 1973 b), some of 
the recently disseminated fouling organisms üf eastern origin, such as M ercierella 
enigmatica and Elminius modestus were also probably carried through the Suez 
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Canal. The same may be true for some bryozoans. The wood-boring amphipod 
Chelura terebrans has to be considered among the passively transported fouling 
organisms which do not need the special opportunity provided by the Suez Canal 
in order to spread to the limits of their environmental tolerance. 

Accidental Expatriates. The two species reported by Babic (1911) from the 
port of Fiume (Rijeka) and collected there in 1896 (the swimming crab N eptunus 
sanguinolentus and the rock lobster 7henus orientalis) evidently reached the port 
through accidental transport. The finding of one specimen of the Red Sea fish 
Abudefduf saxatilis in the Gulf of Naples (Tardent, 1959) may be included in the 
same category. In molluscs the possibility of the transportation of shells by man 
for cultural purposes has to be kept in mind. Haas (1948) found an empty shell of 
the cowrie Monetaria mon eta near Acre and admits to the possibility that it served 
to decorate the harness of a horse or a camel. 

Errors and Incomplete Identifications. The pencil urchin H eterocentrotus mam­
millatus has been reported by Gauthier (1874) and Carus (1893) as "being in the 
process of invading the Mediterranean". No tangible proof for this finding was 
ever produced and it has to be considered as due to erroneous locality indication. 
Pesta (1918) reports the finding of a specimen of the deepsea Platymaia wywille­
thompsoni from the Dalmatian port of Kotor in the Museum of Vienna. W. Steinitz 
(1929) suggests that there was amistake in the museum label. According to 
Holthuis (1956) the report of Porcellana boscii in the Mediterranean is based on a 
misidentification. Peres (1967) lists the cirripede Tetraclita sp. among the Lessep­
sian migrants, however, I could not find the reference for this finding, nor a final 
identification. 

A last example is Haas (1942) who reported a benthic comb jelly Coeloplana 
sp. from the Mediterranean coast of Israel. The genus is still considered an exclu­
sively Indo-Pacific genus. However this unidentified ctenophore of the Medi­
terranean should not be considered as a Lessepsian migrant only on this ground. 

In all the above-mentioned categories, true Lessepsian migrants might eventu­
ally be found. This is especially the case for the circumtropical and circumafrican 
species. Some of these might actually be absent from the Eastern Mediterranean 
or the Northern Red Sea and might have used the Suez Canal for their present 
distribution. In other cases, a circumtropical species might be found to have 
subspecifically segregated populations at both ends of the Canal; a more detailed 
study of such a species may prove in the future that one of the subspecies has 
actually invaded the area of another. 

The restricted number of evident and demonstrable Lessepsian migrants is 
therefore the result of a very careful selection (see Table 2). It is reasonable to 
assurne that some of the more dubious cases-listed separately (Table 3)-are 
also true Lessepsian migrants. Finally one has to take into account that a thor­
ough investigation of areas and taxa insufficiently studied will probably treble the 
number of actually known cases. 

In the following list of evident migrants three categories have been included 
representing different degrees of a high probability of migration. 

1. Species known from the Red Sea, and from the Suez Canal, and known to 
have spread along the Mediterranean coasts. 
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2. Species known from the Red Sea and the Canal, but still confined to "take 
off' areas otIPort Said or in the Sirboniclagoon. 

3. Indo-Pacific species known from the Red Sea, reported also in the Eastern 
Mediterranean, but not found in the Suez Canal. 

A special category is formed by the parasitic species, where for instance, the 
proof for the migration of the fish species, served also as proof for its parasite. 

The question may rightly be posed as to why the above listing of proven 
Lessepsian migrants considers only a certain unidirectional movement from the Red 
Sea to the Mediterranean. There are only a few instances of proven migration in 
the opposite direction, i.e. from the Mediterranean to the Red Sea. 

For the sake of clarity the name "Lessepsian migrants" refers to the bulk of 
species which migrated northward, while the very few species which moved south 
are called here "Anti-Lessepsian migrants". A special chapter will deal with the 
analysis of the overwhelming unidirectionality of the migration through the 
Canal. 

H. Steinitz (1967) published a list of migrants called A Tentative List. In a 
research report of the Hebrew University-Smithsonian Institution Joint Pro­
gram Biota ofthe Red Sea and the Eastern Mediterranean (1970), H.Steinitz com­
piled a revised list entitled Comprehensive List of Immigrant Animals. In the same 
report he started another type of list called A Critical List of Immigrants via the 
Suez Canal of which only the tables for Porifera, Polychaeta, and Echinodermata 
were completed. I have consulted some of the notes for the other taxa, left by 
Steinitz, for the list below. 

The following list will deal with plants and animals, and presents separately 
the evident and doubtful cases ofLessepsian migrants. 

A third list of accidental or highly improbable cases is listed in succinct form 
(Table4). 

FinaIly, an approach which does not seem to' be evenhanded has to be justi­
fied: in weIl investigated taxa, such as fishes, moIluscs, echinoderms, I have taken 
less care in including a species among the certain Lessepsian migrants. Yet the 
critical selection has been much more severe among the ascidians, decapods and 
algae, and most emphatically among polychaetes, bryozoans, sponges, and cope­
pods. 

The first two lists contain 128 species considered to be certain Lessepsian 
migrants and 76 species considered to be uncertain. Dowidar (1973, 1974) speaks 
of four species of phytoplankton and seven species of Tintinnida which have 
migrated into the Mediterranean. There are several species of migrant fish para­
sites under study (Paperna, personal communication). No less than five species of 
fish have been added to the list of migrants in the last few years. Even if this does 
not necessarily indicate an ongoing immigration it certainly points to the fact that 
even in the well-investigated taxa, many migrants are still undetected. Finally, one 
has to add that in many animal groups, such as Platyhelminthes, Nematoda, 
Acarina, and Hydrozoa, the Eastern Mediterranean is still a "terra incognita". 
The list of H. Steinitz (1967) contained 114 species of Lessepsian migrants, some 
ten of them uncritically included. One may thus say that in less than ten years, 
the list has doubled due in most part to new reports of migrants. 
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Table 4. Rejected cases of Lessepsian migrants (only first reference as migrant is given) 

Porifera 
Didiscus placospongoides (Burton, 1926) 

Hydrozoa 
Filellum serratum (Steinitz, 1967) 

Polychaeta 
Eurythoe complanata (Fauvel, 1955) 
Opisthosyllis brunnea (Steinitz, 1967) 

Mollusca 
Cypraea annulus (Fischer, 1870) 
Cypraea erosa (Fischer, 1870) 
Cypraea lynx (Fischer, 1870) 
Hippopus hippopus (Haas, 1937) 
Hydrobia musaensis (Carus, 1893) 
Murex ponderosus (Steinitz, 1967) 
Strombus lentiginosus (Aharoni, 1934). 
Turris indica (Steuer, 1939b) 

Sipuncula 
Aspidosiphon elegans (Wesenberg-Lund, 1957a) Echinodermata 

Astropecten bonnieri (Russo, 1935) 
Astropecten inutilis (Russo, 1935) 
Astropecten nobilis (Russo, 1935) 
Astropecten polyacanthus (Russo, 1935) 

Crustacea 
Canthocalanus pauper 

(Thompson and Scott, 1903) 
Gammarusfoxi (Schellenberg, 1936) 
Gonodactylusfalcatus (Heller, 1863) 
Neptunus sanguinolentus (Babic, 1911) 
Parathelges racovitzai (Codreanu, 1967) 
Plagusia tuberculata (Stiasny, 1908) 
Platimaia wywillethompsoni (Pesta, 1918) 
Temora discaudata(Thompson and Scott, 1903) 
Thalamita admete (Guerin-MenevilIe, 1832) 
Thenus orientalis (Babic, 1911) 

Heterocentrotus mammillatus . 
(Gauthier, 1874) 

Prionocidaris baculosa (Russo, 1935) 

Pisces 
Carcharhinus brevipinna (Ben-Tuvia, 1966) 
Etrumeus teres (Whitehead, 1963) 
Hemiramphus marginatus (Gohar, 1954) 
Parexocoetus menta (Bruun, 1935) 

3.2 The Levant Basin of the Mediterranean 

In 1908 the Danish Oceanographic Expedition on the "Thor" worked in the 
Mediterranean. Two oftheir findings are directly relevant to our subject. Schmidt 
(1932) proposed dividing the Mediterranean into two basins, the Western and the 
Eastern Mediterranean, separated by the sill between Sicily and Tunisia. Thom­
sen (1931) established for the first time that the Mediterranean is excessively poor 
in nutrients and that this depletion increases from west to east. 

The Eastern Mediterranean is usually defined as a very heterogenous oceanic 
body (Fig.29). It contains the Adriatic Sea and the Aegean Sea, each with a 
peculiar history and a particular hydrography. In these two basins the tempera­
tures and salinities are mainly lower than those of the Mediterranean. Along the 
African coast there is an inshore sea area between the two opposing Gulfs of Sidra 
and Gabes, confined between the west coast of Cyrenaica and the east coast of 
Tunisia; here salinities are of the West Mediterranean type, i.e. below 39%0, but 
temperatures are high and subtropical and the ti des are very pronounced. The 
Ionian Sea, north of the "Sidra Sea" and south of the Adriatic, bordered to the 
east by Crete and to the west by Sicily, is in fact a transitional body of water 
without any peculiar characteristics. 

Finally there is the Sea ofLevant, or the Levant Basin, delineated by the South 
Anatolian co ast, the Levant shores and the opposite Egyptian and north Sinai 
coasts. The western limits of the Levant Basin should, in my view, be defined by 
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Fig.30. Winter surface isohalines in Eastern Mediterranean (from Lacombe and Tchernia, 
1960) 
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Fig. 31. Surface isotherms in the Levant basin, August 1967 (courtesy Oren) 

hydrographie parameters: the annual surfaee isotherm 20° C and the minimum 
surfaee isohaline of 39%0 (39 gjI). These lines are of eourse fluetuating but they ean 
be eonsidered as an are whieh extends from the Nile delta to the eastern tip of 
Crete and afterwards follows the island are of the Dodeeanese to Rhodes. The 
shape of this limit is determined ehiefly by the horizontal defleetion of the isoha­
lines along the Egyptian eoast, where the Atlantic eurrent brings relatively low 
salinity waters into the area. As shown by Laeombe and Tehernia (1960) the 
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Fig.32. Isohaline contours off coast of Israel during Nile floods of 1960 and 1961 (from Oren, 
1969) 

isohaline deflection is maximal in the winter, whereas in the summer the isoha­
lines tend to straighten out in a north-south direction (Fig. 30). 

The annual fluctuation of temperatures in the Levant Basin, thus defined, is 
from a low of 16° C (on rare occasions 15° C in the winter) to a maximum of 
nearly 29° C (Oren, unpublished data, 1971). The salinity reaches a maximum 
value of 39.55%0 in the northeastern corner. Within this fairly homogenous basin 
there are two major hydrographical disturbances : the upwelling of cold waters 
along the southern coast of Cyprus [summer temperatures of only 22° C (Oren)] 
(Fig.31), and the two-month seasonal lowering of the salinity along the north 
Sinai and Israel coasts because of the Nile floods (Fig.32) of the past years before 
the damming of the Nile waters. _ 

Since we are interested in the surface waters to a depth of a few tens of meters, 
a scheme borrowed from Oren will suffice to show the vertical stratification of the 
Levantine water masses (Fig.33). However, the very stable vertical stratification 
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Fig.33. Seasonal temperature changes in water column of Levant Basin (courtesy Oren) 

results, aeeording to Oren, in the impossibility of enrichment ofthe surfaee waters 
by nutrieilts from the bottom layer. 

Of all the marine water bodies of the globe the Mediterranean is known to 
have the lowest values of nutrient eoneentrations and of primary produetion. The 
mean value of total phosphorus in the Levant basin is about 0.8 J.1g/l, showing 
only oeeasional peaks. The values of nitrate nitrogen along the Israel shore flue­
tuate between 0 in the winter to 0.6 J.1gjl during the summer. Near Cyprus, Oren 
(1966) measured N03 values at the surfaee of less than 1 J.1gjl. According to Oren 
these values are eomparable to those in the Western Mediterranean. 

However, the differenees are eonsiderable in the values of primary produetion. 
The mean gross yearly production of the eoastal waters of Israel is given as 
36 mgCjm2/year (Oren, unpublished data) which aeeording to this author is some 
50-60% less than the annual produetion in the Western Mediterranean. General­
ly, if values for a eertain depth are eompared, the values in the Levant Basin are 
an order of magnitude lower than those of the Western Mediterranean. The 
Levant Basin fares better ifthe whole produetive water eolumn is eompared, sinee 
the eompensation depth in the Levant is deeper (about 75 m) and the nutrient 
supply of the deeper water layers is better than in the West. Again, however, 
following the fate of the Lessepsian migrants in the Levant Basin, we eonfme 
ourselves to the upper 60-70 m ofthe water eolumn. 

Thus the Levant Basin is a subtropical~ saline "eul de sae" of the warm­
temperate Atlanto-Mediterranean zoogeographie area, additionally eharaeter­
ized by the lowest values of primary produetion recorded in oeeanie water. The 
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implications for the animal and vegetal populations are obvious: a elearcut quan­
titative and qualitative impoverishment with indications of smaller individual 
sizes. 

I could not [md comparative data for the planktonie biomasses. Such data are 
available however for the benthic level-bottom biomasses and they elearly illus­
trate the poverty of the Levant Basin. Tchukhtchin (1964) found an average 
benthic biomass of 0.089 gjm2 in the Eastern Mediterranean between 200-
1000 m. For depths less than 200 m he indicates a value of 4.12 gjm2 on the Sieily­
Tunisia sill, as compared to values of 266.4 gjm2 in the Atlantie, or even 388 gjm2 

in the Black Sea. Gilat (1964) compares the benthie biomass of the circalittoral 
shelf areas and gives values of 8-16 gjm2 for the Eastern Mediterranean and 48-
126 gjm2 for the Adriatic. Surprisingly low values are indicated by Tchukhtchin 
(1964) for Mersin Bay in the northeastern corner of the Levant: 0.008 gjm2 at 
173 m. This is probably a rather extreme case of faunal scarcity, lower than the 
usuallow of the area, and probably based only on macrobenthic biomass. Gilat's 
(1964) macrobenthos biomass values from the shelf of Israel are in the extremely 
low range of 0.059 to 0.075 gjm2 • There is only one notable exception in the 
Levant Basin-or rather at its southwestern limits-the fishery grounds off Alex­
andria, where Vatova (1935) found 551 gjm2 ; Kiseleva and Tchukhtchin (1965) 
reported 500 gjm2 for astation near Alexandria. Such high biomasses were prob­
ably found all along the shores of the Nile Delta and speak for the local influence 
ofthe nutrient rieh fluviatile deposits ofthe Nile. For the Levant Basin as a whole, 
the nutrient enrichment by the Nile water had always had only a strictly localized 
and seasonal character. 

The impoverishment towards the east is especially well-documented in the 
qualitative aspect. The species diversity of all the environments is sharply decreas­
ing in something like two steps: the Western Mediterranean-+Aegaean Sea-+the 
Levant Basin. There are 118 Atlantie species of the planktonie Hyperiidea (Amphi­
poda) and 46 species in the Western Mediterranean. In the Eastern basin there are 
only about 10 species. Eight species of Pteropoda of the Western Mediterranean 
do not reach the Eastern part. Alvarifio (1974), reviewing the Siphonophora, 
writes: "Many species do not reach the Levant Mediterranean basin, and only 
appear accidentally there, a few get settled in the area". Recently Godeaux (1974) 
documented the same paucity with respect to the Thaliacea (salps), mentioning in 
particular the lack ofthe genus Pyrosoma in the Levant Basin. 

For the benthic organisms the impoverishment is much better documented. 
There are whole categories of habitat-forming organisms whieh are missing, such 
as the water plant Posidonia oceanica and the wealth of the Western Medi­
terranean gorgonarians. No single species of Gorgonacea has reached the Levant 
coast. The impoverishment is equally impressive among the Decapoda and the 
Echinodermata. Peres (1958a) analyzes the populations of Ascidiacea along the 
Israel coast and remarks that the families Moigulidae and Polyelinidae are very 
scarce or absent. He mentions eight species of Moigulidae in the Western Medi­
terranean, four species in the Sicily-Tunisia area, ~me species in the Aegean Sea 
and none along the Israel coast. The Polyelinidae, which still form 15-20% of the 
Ascidian diversity in the Aegean Sea, are represented among the 33 species of the 
Israel coast by only one species, Amarocium lobatum. 
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Tortonese (1951, p.232) was ofthe opinion that: ''The faunistic poverty ofthe 
Eastern Mediterranean is a certain fact not due to the incomplete research ... It is 
to assume that future research will demonstrate the eastward extension of some 
species but this will not change the present views on the quantitative relationship 
between the two great mediterranean basins." The same author (Tortonese, 1973) 
later emphasizes the fact that since the "Calypso" cruise in the Aegean sea many 
western species have been discovered there. This only proves the necessity for a 
good subdivision within the Eastern Mediterranean separating the Aegean from 
the Levant Sea. 

This becomes especially clear in the careful study made by Fredj (1972, 1974) 
on the distribution of 1244 file-indexed species of benthie invertebrates of the 
Mediterranean. Unfortunately, when subdividing the Eastern Mediterranean (mi­
nus the Adriatie Sea) Fredj distinguishes a N orth Eastern Mediterranean ("Medi­
terranee orientale de Nord"), a Central Eastern Mediterranean and a South East­
ern Mediterranean. While the northern subdivision is a natural one and includes 
only the Aegean Sea, the "Central" one extends in a broad zone from the Israel 
coast near Haifa, along the Anatolian coast, including the southern part of Greece 
together with the big islands, and ends on the western shore of the peninsula near 
Corfu. The South-East Mediterranean is only slightly more homogenous since it 
comprises the shores from Haifa, along Egypt and Libya, ending at Cape Bon 
whieh faces the Straits of Sicily. 

Even so, Fredj calculates that the Eastern Mediterranean as a whole contains 
only 48.4% of the 1244 species analyzed while the Western Mediterranean con­
tains 92%. The Eastern Mediterranean has only 4.2% of the species strictly 
limited to this basin while 35.4% of the species indexed by Fredj can be found 
only in the Western Mediterranean. Ofthe 247 endemie species found among the 
1244 indexed species (19.8%), 82.2% arefound in the Western Mediterranean and 
only 22.8% in the Eastern. Of the total 247 endemie species, 49.8% are exclusive 
to the Western Mediterranean and only 4.5% are found exclusively in the Eastern 
Mediterranean. 

With the exclusion of the Aegean Sea and Greek Peninsula, these figures 
would have been more impressively in disfavor of the species diversity of the 
Levant Basin. One must also keep in mind the limitation of the method used by 
Fredj, who artificially selected the animal groups whieh form his species list: the 
main groups are the Echinodermata, Polychaeta, Sipuncula, Solenogastres, Poly­
placophora, Scaphopoda, Pelecypoda, Cephalopoda, and Decapoda. The Gastro­
poda are not included, and the Polychaeta, a group in whieh the distributional 
information is still incomplete, form more than one quarter of the 1244 species 
studied. Nevertheless, the zoogeographie study of Fredj (1974) is the first note­
worthy attempt to quantify the zoogeographie patterns of the Mediterranean 
fauna. 

Almost all positive traits of the Eastern Mediterranean as a mediterranean 
subregion result from the phenomenon of Lessepsian immigration, which should 
be analyzed separately. It is difficult to fmd any positive trait in the species 
diversity ofthe Levant Basin of one disregards the additions which have occurred 
since the opening ofthe Suez Canal. 
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Prior to the opening of the Canal there were practically no species specifically 
restricted to the Levant Basin. Perhaps the only positive traits can be found in the 
quantitative increase in the populations of some species typical for warm and 
saline waters. Parker (1958), far instance, notes the considerable increase in the 
numbers of the planktonic forrniniferan Globigerinoides ruber in the Eastern 
Mediterranean. Here it represents 41-77% ofthe planktonic F oraminiferida, while 
in the Western Mediterranean it constitutes only 1-25% of the total. Peres (1967) 
emphasizes the exceptionally rich development along the Levant coast of the 
facies-building mollusc Vermetus triqueter, rare in the West. Peres also emphasizes 
the rich development of the soft bottom meadows of the green al ga Caulerpa 
prolifera accompanied by Caulerpa scalpelliformis (considered by Peres to be a 
Red Sea immigrant, but known also from the Canary Islands). 

A few words must be said about the so-called "Levantine nannism"-the 
smallness of the specimens in the Levant Basin, especially apparent in groups 
such as Sipuncula (Stephen, 1958) and Porifera (Levi, 1957). Remarked already by 
Forbes far the Aegean Sea and by Le Danois (1925) for the East Mediterranean 
fishes, it is later accepted as a general phenomenon by Tortonese (1951). Such 
small-sized individuals indicate sub optimal environmental conditions, The 
smaller biomasses of an irnpoverished fauna is the general rule for biota of the 
Levant Basin. Peres (1967) concludes his study on the Mediterranean benthos 
with the words: "It appears that certain Mediterranean biocoenoses, above all 
those in the infralittoral zone, are under a kind of disequilibrium which is a 
consequence of the non-utilization of a certain fraction of their production"-a 
statement more applicable specifically to the Levant Basin. 

The Lessepsian migrants may be considered, in a figurative sense, "welcome 
guests" in the impoverished, subtropical cul-de-sac of the Atlanto-Mediterranean 
world. 

3.3 The Levant Shore-
the Core Area of the Lessepsian Immigration 

Most of the Lessepsian immigrants are to be found along the shores of Sinai, 
Israel, Lebanon and Syria, thus necessitating a more detailed description of the 
Levant shelf area, an integral part of the Levant Basin (see Map 2, p. 85). 

The Levant shore is dorninated by a relatively broad shelf built up by sedi­
ments deposited by the Nile. The majority of the 100-130 million tons of silt 
carried yearly by the Nile (Hammerton, 1972) was deposited to the East of the 
Delta, by the counter-clockwise Coriolis current. At depths of 30-75 m (Oren, 
unpublished data) the outrunners of the Atlantic current also contributed to 
the transport. 

The shelf of the Levant shore, from Port Said to the surroundings of Haifa, is 
relatively wide. According to Gorgy (1966) it reaches a maximum width of75 km 
in the Gulf of Pelusium (Gulf of Tina), then narr9ws to 29 km off the Sirbonic 
Lagoon (Bardawil), broadens to 40 km at EI Arish, and narrows gradually along 
the Israel shores from 30 km at Rubin to 10 km near Haifa (Emery and Bentor, 
1960). Near the Lebanese barder, the shelf is very narrow, some 3 km wide, and it 



124 The Migrant Biota 

remains so along the entire Lebanese coast and southern part of the Syrian coast, 
broadening somewhat in the Bay of Mersin (Alexandretta, Iskenderun). 

The bottom of the shelfis formed from Nile sediments, which predominate in 
the northeast till near Jaffa; from there, the width of the sheIf decreases and the 
amount of Nile sediments decreases too. The rocky basement layer is covered by 
the sediment, for most of the shelf to Netanya. Off the Sirbonic Lagoon there is 
one area of shell bottom with some rocky outcrops between 10 and 50 m depth 
(Gorgy, 1966). Farther to the north the bottoms again become uniformly sedi­
mentary. Gilat (1964), working north of Ashdod, did not encounter rocky bot­
toms. Around Netanya coralligenous bottoms start to appear regulady at depths 
of about 20 m. Gilat (1964) suggests that some "islands" of coralligenous bottom 
might occur even south of Netanya, at depths of 80-90 m. The isobaths as well as 
the shore line are remarkably straight along the coast of Israel. Only the Bay of 
Haifa, protected by the Carmel ridge and its calcareous prornontory has a more 
complicated bottom structure with an alternance of coralligenous reefs between 
10-20 m, partly formed by the coral Dendrophyllia cornigera, and of level bottoms 
covered with meadows of Caulerpa scalpellijormis. The shallow 4-5 m deep bot­
toms in the old port of Acre are covered by pearl oyster beds (Pinctada radiata). 
North of Haifa Bay the shelfbecomes steep and predominantly rocky. 

According to Gilat (1964), the sequence of the sedimentary bottoms north of 
Ashdod is as follows: the bottom is sandy to approximately 20 m; the sediment is 
sand mixed with equal amounts of silt and clay around 35 m; at 46 m the bottom 
is predominantly silt and clay. The organic content, plant detritus deposited by 
the Nile, is relatively high on the southern shores of Israel i.e., up to 0.86% of the 
sediment (Gilat, 1964). Shell bottoms start to occur off Netanya. 

The shore is almost uniformly sandy till Mikhmoret, a point nortQ of Netanya 
(Safriel and Lipkin, 1975). Only one rocky outcrop is found along this long 400-km 
stretch from Port Said to Mikhmoret: the rocky prornontory of Yavne Yam 
(Pairnahim) south of Tel Aviv. From the area of Ashkelon northwards slabs of 
beachrock appear, obliquely covering the bottom immediately below the sea 
level. 

The beachrocks, wave-battered and permanently corroded by sand, can har­
bor only a limited number of animals. Typically rocky littoral environments 
appear only from Mikhmoret northward. However, as soon as rocky ridges of 
sandstone appear, the ridges are accompanied by organogenic rock platforms of 
the vermetid molluscs, Vermetus triqueter and Dendropoma petraeum (Safriel, 
1975). 

The Levant shore is practically tideless, differences between high and low tides 
usually not exceeding an amplitude of 30 cm. At high air pressure and eastern 
winds the level of the sea is exceptionally lowered by several tens of centimeters. 

The current is generally directed eounterclockwise and is relatively weak. In 
the Port Said-EI Arish area, Gorgy (1966) indicates for Oetober 1959 and 1960 a 
veloeity of 4.5 knots near Port Said, whieh slows down through aseries of antiey­
donic branches near the Sirbonis to only 0.8-1.0 knots along the shore at EI Arish 
(Fig.34). This eurrent is further slowed down along the Israel eoast: Liebman 
(1935) gives a maximum value 0.6 knots. Oren and Komarovsky (1961) mention a 
veloeity of 0.20 knots (0.1 rn/sec) as most frequent along the Israel shores. The 
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Fig.34. Surface current patterns and speeds (in knots), off Nile Delta and Port Said (from 
Gorgy, 1966) 

values found by Hecht in 1964 (pers. comm.) were in the range of 0.30 knots. 
Toward the coasts of Lebanon and Syria the speed of the current increases and 
reaches 1 knot (Gruvel, 1931). Oren (1970) concludes that along the coasts of 
Israel the currents are weak, and although there is a permanent longshore current 
induced by Coriolis force, the direction of the currents is very much influenced by 
winds. 

Under such circumstances, as first calculated by Liebman (1935), it took six 
weeks for the Nile waters to reach the Central coast of Israel. The dams on the 
Nile mouths were opened in the fIrst days of August, but the outpouring waters 
reached the coast of Israel only in mid-September. 

If we take into account that a passively carried planktonic larva leaving the 
area of Port Said spends some six weeks reaching the fIrst extensive rocky shores 
near Mikhmoret, only animals which could setde on the level bottoms or the 
beachrock on the way could successfully overcome this obstacle. 

The temperatur es along the Levant shores are probably the major factor in 
determining the success or failure of the Lessepsian immigrants in their new 
environment. The low winter temperatures are a serious limiting factor for the 
build-up ofthe immigrant populations. Liebman (1935) followed the annual tem­
peratures near Haifa during 1929-1930 and found a minimum of 15.4° C in Janu­
aryand a minimum monthly mean of 16.6° C in February. Oren gives tempera­
tures continuously measured at Haifa since 1947. He considers the months of 
February and March as the minimum temperature months. After the warm win­
ters of 1954-55 and 1955- 56, winter temperature did not descend below 17° C. 
This change of about 2° C in the winter minima is correlated by Oren (1957) to a 
"sudden increase" of certain Indo-Pacmc immigrants. According to Oren (1970) 
the average inshore minimum over the last 20 years was 17.4° C. However, a 
temperature of 14° C was measured in 1959 near Ashdod. 

Minimum temperature off Beirut between 1936-1939 was 17.1 ° C according to 
Rouch (1945). The summer maximum temperature there exceeded values of 28° C 
and Liebman (1935) reported 29.4° C for the month of August. (All these values 
are surface temperatures and do not change radi~ally in the upper 30 m layer, 
which is of signifIcance to our subject.) 

Much has been written about the diluting influence of the Nile floods. Some 
85% of the 84 billion m3 yearly discharge reached the sea in the months August-
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Fig.35. Autumn salinities and temperatures off Egyptian coast at 25 m depth (from Gorgy, 
1966) 

November. Such an annual discharge is documented as far back as 600 A.D., but 
existed even in classical Egyptian times. Several hundred years aga the two active 
branches, Rosetta and Damietta, were dammed during the low water seaSOn by 
the earthen dams of Edfina and Faraskur. In August they were opened and the 
waters gushed out into the Mediterranean. The two branches were opened at an 
interval of several weeks. The Damietta branch, 60 km from Port Said, recently 
carried only half the water carried by the Rosetta branch which opens about 
200 km west of Port Said. 

The outpour of the Nile water through the two branches was felt in the form of 
two salinity lows, clearly distinguished even along the coast of Israel (Oren, 1969). 

Soon after the opening, the surface near Port Said reached salinities of 30-
35%0, sometimes even 29%0 (Gorgy, 1966; Morcos, 1967a) (Fig. 35). Oren (1969) 
reports One instance when 25%0 was measured off Gaza in 1947. 

Liebman (1935) measured a drop of salinity off Haifa to 34.02%0 in September 
1930. Rouch (1940) measured 35.4%0 in 1938 off Beirut. More recently the mini­
mum values were higher. For September 1961,-Oren (1969) indicates 35%0 as far 
north as Tel-Aviv. The tongue of low salinity water normally did not extend 
beyond the southern border area of Lebanon. By the end of October, i.e. after two 
months, the salinity was back to normal, over 39%0 (Fig. 32). 
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The influence of the Nile flood was also feIt in its biological consequences. 
Gorgy (1966) measured a very high value of P04. phosphate: 1.76 J.lg/l at 30 m 
depth in October 1959 in the Gulf ofPelusium (Tina). This was accompanied by a 
water bloom of planktonic algae reaching a maximum of 3,120,000 cells/l. In 
March 1959 the phosphate levels were low (maximum 0.11 J.lg/l) and the maxi­
mum photoplankton counts were only 8100 cells/l. 

Phytoplankton blooms accompanying the Nile waters were also observed by 
Liebman (1935) off Haifa. Komarovsky (1953), Halim (1960), and Halim et al. 
(1967) listed the diatom species responsible for the Nile blooms, and the ftrst 
author indicated the c1adoceran Podon polyphemoides as typical of the September 
plankton. The main pelagic commercial ftsh of the Levant Basin, Sardinella au­
rita concentrated preferentially in the offshore area of the Nile Delta during the 
flood and bloom period. 

There is no evidence of negative influence of the Nile flood on the Lessepsian 
migration. After all, the species advancing northward through the canal had 
already encountered low salinities of ± 38%0 in Lake Timsah, and the low values 
to the east of Port Said were restricted to two months, September-October at 
most, and concerned only the topmost 5 m of water column. West of Port Said, 
where the Nile flood could dilute the inshore areas till February-March, the "low 
salinity" barrier was most probably a more effective one. 

The Nile was hermetically dammed behind the Aswan High Dam in 1965. All 
the above-mentioned seasonal phenomena have ceased since, and since that date 
hardly a drop of Nile water has reached the Mediterranean. For reasons ex­
plained above no short-term influence on the eastward migration of the Lessep­
sian migrants is expected. However, the westward migration along the African 
shore may be facilitated, as shown previously (Por, 1971 b). 

In the long run, the shoreline of the southern Levant coast is expected to be 
gradually eroded, since the sediment supply has been cut off. The Sirbonic La­
goon may become an open gulf in the not too far future. However, even before 
that, a slow increase in the salinity of the Levant Basin will presumably follow. 
With an annual evaporation of 1300-1500 cm/year the loss of the Nile waters will 
start to be feIt. A more saline Levant Basin will eventually be more favorable to 
the Lessepsian migrants-provided temperatures do not decrease. Oren (1969) 
expects a slight increase in the primary production due to the disappearing sea­
sonal saline stratiftcation of the Levant inshore waters. However, these forecasts 
will be discussed in further detail in the conc1uding Chapters 3.7 and 3.11. 

3.4 Tbe Analysis of Lessepsian Migration-Methodology 

The two lists of Lessepsian migrants contain a total of 204 species 1, of which 
128 are considered as High Probability Lessepsian Migrants (HPLM) and 76 as 
Low Probability Lessepsian Migrants (LPLM). The few cases of parasites re­
ported till now as having migrated together with their hosts are not inc1uded in 
these lists. 

1 New additions while this manuscript was in preparation are the fishes Rhonciscus stridens 
and Gobius ? lesueuri (Ben Tuvia personal communication). 
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For a statistical analysis the number of migrant species is too small, since 
specific information on each species of this extremely diversified list is quite 
unequal. Therefore, number symbols have been used in an attempt to express the 
parameters of the time-distance analysis which will be presented below. The 
analysis of the faunal diversity of the migrants and of their success as colonizers 
will, for purposes of elarity, follow the time-distance analysis, rather than precede 
it. 

The information compiled here is by necessity based on incomplete records, 
an uneven amount of data, both in time and,space with regard to the different 
taxa, as is the raw material on which every zoogeographical analysis of whole 
faunas is always based. There has never been a sustained effort in this area criss­
crossed by political and cultural boundaries. The different taxa of Lessepsian 
migrants, besides the fact that they behave differently on the zoogeographical 
scene are also better or less known on the taxonomie and distributional level. 

Nevertheless, an attempt to quantify the conelusions has been made, not only 
to avoid wordiness or to better express conelusions which were known apriori, 
but also in the hope of obtaining new insights into the migration phenomenon. 

3.5 Time-Distance Analysis 

193 of the 204 species were divided into the categories reported below (see 
Table 5). Ofthese, 119 or 61.65% are known to have progressed through the Suez 
Canal before invading the Mediterranean. The remaining 74 species or 38.35% 
have not been reported from the Suez Canal either due to incomplete records or 
because they passed the Canal in "one jump" (without having established stable 
populations in the waterway). Since it is reasonable to assume that at least half of 
these 74 species do in fact have (or did have) Suez Canal populations, one can 
ass urne that the great majority of the Lessepsian migrants (tentatively 80%) are 
indeed recruited from species which were able to build up populations in the Suez 
Canal environments. 

A second point to be analyzed is more complicated: namely, the correlation 
which exists between three parameters: (1) the date of settlement of a given spe­
cies in the Suez Canal; (2) the speed of its migration into the Mediterranean; and 
(3) the area it occupies in the Mediterranean. 

For these three parameters I have used a set of three-digit symbols, ranging in 
the first two cases from "early" to "late", and in the third case from "elose" to 
"distant". The species not reported from the Suez Canal are designated by 4.0.0. 
In a 3-digit symbol each of the three parameters will have their specific position. 

1. The first parameter, "date of the first report in the canal", is subdivided as 
follows: 

1.0.0 Species reported from the canal before 1906. This period ineludes the 
collections by Fuchs, Keller, Krukenberg, Tillier and Bavay (see Chap. 2.2). 

2.0.0 Species reported from the Canal before 1930. This period ineludes the 
extensive collections ofthe Cambridge Expedition of 1924. 
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3.0.0 Species reported in the Canal after 1930, including mainly the species of 
Gruvel and Moazzo, Lami, and the Hebrew University-Smithsonian Institution 
collections. 

4.0.0 Species not reported from the Suez Canal. 
2. The second parameter, "emergence into the Mediterranean", is graded as 

follows: 
0.1.0 Species reported in the Mediterranean before 1929. This includes the 

Cambridge Expedition reports, and the reports by Pallary, Gruvel, and W. Stei­
nitz. 

0.2.0 Species reported in the Mediterranean before 1955. This is the year 
which according to Oren (1957) marked the beginning of an upward fluctuation in 
the temperature ofthe Levant Basin. 

0.3.0 Species reported in the Mediterranean after 1955. 
3. The area occupied in the Mediterranean is graded into four categories, 

according to a subdivision into provinces based on preliminary information: 
0.0.1 Species confined to the area off Alexandria in the west and the Sinai coast 

in the east. These are species which did not leave or could not settle beyond the 
immediate vicinity ofthe Canal outlet. 

0.0.2 Species which have advanced along the Levant coast and have been 
reported along the shores of Israel, Lebanon, and Syria. 

0.0.3 Species which have reached the area of Iskenderun and Mersin in the 
eastern corner of Anatolia, and have advanced as far as Rhodes, or have been 
reported from the islands of Cyprus and Crete. 

0.0.4 Finally, a somewhat odd category-not a further gradation of the pre­
vious three-are the species which are known from the North African coast, west 
of Alexandria, or from the Islands of Sicily, Malta, Lampedusa, etc., i.e. the 
western confines ofthe Eastern Mediterranean. 

Taking into account both the Suez Canal species and those not reported from 
the Canal, there are 48 possible combinations. These are presented in a "checker­
board" diagram (Table 5) which also indicates the respective number of species. 
The 3-digit symbol designating each species is also included in the two lists of 
migrants (see Tables 2 and 3). 

From the list of 204 migrants, only 193 species have been provided with such 
symbols. The remaining 12 species have not been inc1uded in this analysis for 
different obvious reasons. These are species which still have an uncertain status, 
or represent a group exceptional from the ecological point of view. 

A last point worth mentioning is that in the strictly chronological sense, the 
2.0.0 species are contemporaneous with the 0.1.0 species and the 3.0.0 species with 
the 0.2.0 and 0.3.0 species. The fact that only 1 species out of 119, the bivalve 
Chama broderipi is a 3.1.0 species, i.e. a species reported from the Mediterranean 
b40re being reported from the Suez Canal, is encouraging for the reliability of our 
knowledge. In addition Chama is a 3.1.1 species, i.e. one which did not expand 
beyond the immediate vicinity ofthe Canal outlet. 

Ifwe apply the same to the 4.0.0 species, we shall find only five 4.1.0 species (vs. 
31 4.2.0 and 38 4.3.0). Of these, two are algae: Caulerpa scalpelliformis which was 
reported from the Mediterranean in 1930 (at the limit of 0.2.0!) and Hypnaea 
nidifica, a species probably passively transported ; the sponge M ycale erythaeana 
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Table 5. Time-distance analysis of 193 species of Lessepsian migrants 

Cate- No.of Cate- No.of Cate- No.of Cate- No.of Cate- Total 
gory species gory species gory species gory species gory No.of 

species 

1.1.1 1 2.1.1 1 3.1.1 1 4.1.1 3 
1.1.2 2 2.1.2 5 3.1.2 0 4.1.2 2 
1.1.3 1 2.1.3 2 3.1.3 0 4.1.3 0 
1.1.4 5 2.1.4 0 3.1.4 0 4.1.4 0 0.1.0 23 
1.2.1 1 2.2.1 11 3.2.1 0 4.2.1 10 
1.2.2 12 2.2.2 9 3.2.2 4 4.2.2 13 
1.2.3 3 2.2.3 5 3.2.3 1 4.2.3 2 
1.2.4 1 2.2.4 1 3.2.4 2 4.2.4 6 0.2.0 81 

1.3.1 3 2.3.1 5 3.3.1 3 4.3.1 2 
1.3.2 7 2.3.2 15 3.3.2 11 4.3.2 25 
1.3.3 2 2.3.3 1 3.3.3 1 4.3.3 8 
1.3.4 1 2.3.4 0 3.3.4 2 4.3.4 3 0.3.0 89 

1.0.0 39 2.0.0 55 3.0.0 25 4.0.0 74 0.0.1 41 
0.0.2 106 

Known from the Suez Canal 119 Not known from 0.0.3 25 
the Suez 0.0.4 21 
Canal 74 

Key to symbols: 
1.0.0 Reported from the Suez Canal before 1906 
2.0.0 Reported from the Suez Canal before 1930 
3.0.0 Reported from the Suez Canal after 1930 
4.0.0 Species not reported from the Suez Canal 
0.1.0 Reported from the Mediterranean before 1929 
0.2.0 Reported from the Mediterranean before 1955 
0.3.0 Reported from the Mediterranean after 1955 
0.0.1 Species found only from Alexandria to Sinai coast inc1uded 
0.0.2 Species found along the Levant coast 
0.0.3 Species found also along the Anatolian coast, Cyprus, Rhodes and Crete 
0.0.4 Species found West of the Alexandria-Peloponnesos line 

and the bryozoan M embranipora savartii both passively transported and also 
restricted migrants (0.0.1); the last of the five is the swimming crab Charybdis 
helleri. Thus for the great majority of the Lessepsian migrants the rule is prior 
presence in the Suez Canal, before entering the Mediterranean. 

What is the number of future Lessepsian migrants in each of the three periods 
which we have noted? In the first period (prior to 1906) 39 of the species found in 
the Canal (1.0.0 species) ultimately became Lessepsian migrants. In the second 
period (1906-1930) 55 species (2.0.0) were added. The increase in the number of 
migrants found in the Canal during the third period (after 1930) was only 25 
species (3.0.0). These results can be interpreted in two complementary ways: 

1. There was an increase in the number of potential migrants within the Canal 
fauna, while there were not enough new entries of potential migrants from the 
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Red Sea to counterbalance the number of species which had migrated into the 
Mediterranean. A simpler explanation is that there is a limited stock of Suez 
Canal species from which the migrants are recruited; the biota of the Canal has 
reached a climax-like stability and, therefore, the migration as far as species 
diversity is concerned, is approaching an end. This is a thesis already expressed by 
me in previous papers (por, 1971 b, 1973c) and still upheld here. 

2. The chronological difference between 3.0.0 and 0.3.0 is much shorter than 
between the chronologica1ly earlier combinations. Eventually, only the 3.0.0 spe­
cies managed to emerge from the Canal during the last decades. 

There is no evidence for a presently increased rate of migration into the 
Mediterranean as presumed by many authors. In the two fIrst periods (0.1.0 and 
0.2.0) the increase is evident: 23 species as compared to 81, respectively. Between 
the second the third period (0.2.0 and 0.3.0) the increase is much less dramatic, Le. 
from 81 to 89 species. Combining this with the circumstance of considerably less 
"new entries" into the Canal (i.e. 25 3.0.0 species) the impression of a general 
slowing down of the process of Lessepsian migration becomes more apparent. 

Nevertheless, it must be noted that the difference between 0.2.0 and 0.3.0 is 
mainly due to the large number of 4.3.0 species, i.e. not reported from the Canal. If 
one takes into account that the species which could cross the Canal quickly, in 
"one jump", are among the 4.0.0 species, a tentative conclusion can be presented 
that in the last years the "one jump" migration might have become somewhat 
more important compared to the "step by step" process of migration. In this 
connection it is of interest that among the latest additions to the Lessepsian 
migrant fishes are Rastrelliger kanagurta and Scomberomorus commerson (two 4.3.2 
species)-the fIrst cases of outright pelagic fIshes (sensu Ben-Tuvia, 1972) which 
have crossed the Canal. Also the two pelagic diatoms, reported quite recently by 
Kimor (personal communication), Chaetoceros coarctatus and Rhizosolenia indi­
ca, are the fIrst instances of Lessepsian migrants among phytoplanktonic organ­
isms. 

With regard to the localization of the Lessepsian migrants in the Medi­
terranean, several other facts become evident (Fig. 36). There are only 41 species out 
of 193 (21.24%) which are 0.0.1 species, i. e. confIned to the vicinity of the Canal 
outlet. It is clear that ifthe Egyptian coast is to be considered a "take-off area" for 
the migrants, they obviously do not spend too much time there before moving 
farther. One also has to take into account that this area is not too favorable as far 
as substrate conditions are concerned. Some of the 0.0.1 species are euryhaline, for 
which the Sirbonic lagoon or Lake Manzala are favorable environments. Another 
group among these is that of the 10 epiphytic species of algae reported by Aleem 
from the Egyptian and Sinai coasts. Some of the 0.0.1 species have been found 
during the extensive benthic research by Steuer (1935) on the fishery grounds of 
Alexandria. 

The great majority of the Lessepsian migrants are found along the Levant 
shores (0.0.2}-106 species have reached the Levant shore (54.92%). Among the 
0.0.3 species are 31 other species which can be found on the Levant shore. The 
0.0.4 area of North African shores has four species in common with 0.0.2. This 
brings the number of Lessepsian migrants living along the shores of Israel-Leba­
non-Syria to 141, or 71.21 % ofthe total. 
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Fig.36. Distribution of the Lessepsian migrant species in the Eastern Mediterranean. Num­
bers: indicate the four areas (see Table 5); numbers in circles: the number of species (original) 

Only 40 species have reached the Anatolian coast, Rhodes, Cyprus, and the 
Crete-Santorin area. The statement found in several papers that Red Sea species 
(i.e. Lessepsian migrants) have spread into the Aegean Sea is generally wrong. The 
farthest point reached along the Anatolian coast is the Island of Rhodes. From 
the area of Izmir, Artüz recorded three fishes (according to Ben-Tuvia, 1972): 
Saurida undosquamis, Siganus luridus, and U peneus moluccensis. Another fish, 
Sphaeroides spadiceus was reported in 1952 from the Island of Samos by Anan­
diades. In fact, in the zoogeographical sense the Aegean Sea is defined by Peres 
(1967) and by Fredj (1972) only as the sea north of the line connecting the Islands 
of Euboea and of Andipsara; Izmir is approximately on this line. There are other 
geographical terms used to describe the sea area between Rhodes and Crete and 
the Greek mainland south of the Andipsara line, e.g. the Sea of the Cikladhes or 
the Sea of Crete. This is still an area of warm-water fauna, according to Peres 
(1967); the cold-water fauna characteristic of the Aegean Sea starts only north of 
the Andipsara line. Beyond it there are no reports to date of Lessepsian migrants. 

Oft he 29 0.0.3 species and an additional 11 species found both in the 0.0.3 and 
0.0.4 areas (i.e. from the 40 species which have reached the Anatolian coasts and 
the Islands), 31 are found also along the Levant coast (0.0.2 area). A gradual 
spread of the Lessepsian migrants may thus be postulated: first northward and 
then westward along the Levantine and Anatolian coasts. Of the nine species 
which are not shared with the 0.0.2 area, Halophila stipulacea is probably a Pre­
Lessepsian settler; the crab Ixa monodi is known only from its type locality­
Mersin Bay; and the snail N erita sanguinolenta from Karpathos is a rather new 
addition, due to a taxonomie opinion by Mienis (1974). The rest are polychaete 
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species where, on one hand, there may still be taxonomie revisions and, on the 
other hand, the distribution is not weIl known. For example, one of these worms, 
1haryx dorsobranchialis was recently reported from the Mediterranean coast of 
Sinai by Ben-Eliahu (1972d). 

The graduallongshore advance of the Lessepsian migrants along the Asiatic 
coast is well-documented. This can be seen if we compare the Lessepsian species 
of Cyprus with those of Rhodes. Cyprus is much nearer to the outlet of the Suez 
Canal at Port Said, but much more distant from the mainland, while Rhodes is 
much farther from the Canal, but nearer to the mainland. There are 18 species 
known from Cyprus and 11 species from Rhodes. The cold waters off the Cyprus 
coast probably playa role (Gilat, 1974) in diminishing the Lessepsian fauna ofthis 
islana whieh is situated offshore from the Levant coast with its wealth of Lessep­
sian migrants. 

The 21 0.0.4 species are a somewhat odd mixture; 11 of them are also found 
along the Anatolian coast (0.0.3). The fishes Leiognathus klunzingeri, Pranesus 
pinguis, Siganus luridus, S.rivulatus, Holocentrus ruber, Sphyraena chrysotaenia, 
Stephanolepis diaspros, and U peneus moluccensis, are among the most successful 
migrants. Caulerpa racemosa and Pinctada radiata are possibly Pre-Lessepsian 
settlers, the report of the cowrie Erronea caurica is of doubtful precision. Doubtful 
are also some of the exc1usively 0.0.4 species, such as the molluscs Lophiotoma 
indica, Quoyula madreporarum, Umbonium cf. vestiarium. The ascidian Metro­
carpa nigrum is in Peres' (1967) opinion probably a Pre-Lessepsian settler in the 
Mediterranean. That leaves three algae and the report of the fish Abudefduf saxa­
tilis from the Bay of Naples. It seems, therefore, that only the eight species of 
fishes are reliable migrants to the West, as they are found all over the areas ofthe 
Eastern Medi~erranean whieh are influenced by Lessepsian migration. Needless 
to say, there is no c1earcut case of a spec\es whieh went only westward along the 
African coast. 

The most successful 25 migrants in terms of area extension, from among the 
High Probability Lessepsian Migrants (HPLM), are listed below: 

Plants: 
H ypnaea valentiae 
Halophila stipulacea 

Decapoda: 
Charybdis longicollis 
M etapenaeus monoceros 
Myrafugax 
Penaeus japonicus 
Penaeus semisulcatus 
Portunus pelagicus 
1halamita poissoni 
Trachypenaeus curvirostris 

Mollusca: 
Brachidontes variabilis 
M alleus regula 

Pisces: 
Dussumiera acuta 
H emiramphus far 
H olocentrus ruber 
Himantura uarnak 
Leiognathus klunzingeri 
Pranesus pinguis 
Saurida undosquamis 
Siganus luridus 
Siganus rivulatus 
Sphaeroides spadiceus 
Sphyraena chrysotaenia 
Stephanolepis diaspros 
U peneus moluccensis 

A possible addition: 
Pinctada radiata (Mollusca) 
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The success of these species can be seen also in our case as a result of the time 
factor. If we calculate the percentage of the 0.0.3 and 0.0.4 species-the most 
distantly spread Lessepsian migrants-as a function of their early or late migra­
tional advance, the results are convincing: from among the species which entered 
the Canal in the first period (1.0.0) 33.33% are 0.0.3 and 0.0.4, as compared with 
16.36% in the second period (2.0.0), and 20% in the third period (0.0.3). The 
situation is similar when we check the percentage of the 0.0.3 and 0.0.4 species in 
relation to the period of their a ppearance in the Mediterranean: they are 34.78% 
among the 0.1.0 species, only 25.92% among the 0.2.0, and 21.34% among the 
0.3.0 species. This too indicates that the spreading of the Lessepsian migrants is a 
gradual migrational process in which passive or adventive transport does not play 
a significant role; the relatively high euryhalinity of the early settlers of the Canal 
might have been beneficial-but at any rate not detrimental-to their further 
move into the Mediterranean. 

3.6 The Diversity of Lessepsian Migrants 

After more than a century of Lessepsian migration, some qualitative aspects 
can already be discerned, in addition to the merely quantitative time-distance 
aspects. 

The great majority of the migrant species belong to a very small number of 
major taxa (Table 6). If we distribute the High Probability Lessepsian Migrants 
(HPLM species) according to the taxa then from the 128 species, the Crustacea 
represent 27.34%, Mollusca 21.09%, and Pis ces 21.09%; the plants, from plank­
tonic algae to the flowering plant Halophila represent 10.93 %, the rest is divided 
between only six other phyla (Porifera, Coelenterata, Polychaeta, Bryozoa, 

Table 6. Relative importance (%) of the eight main taxa among the migrants 

Taxon HPLM (128 sp.) LPLM (76 sp.) HPLM+ 
LPLM 

No.of No.of (204 sp.) 
species % species % Total % 

Plants 14 10.93 11 14.47 12.25 
Porifera 5 3.90 2 2.63 3.43 
Polychaeta 9 7.03 14 18.42 11.27 
Crustacea (Total) 35 27.34 16 21.05 25.00 

Decapoda 23 17.96 8 10.52 15.19 

Mollusca (Total) 27 21.09 17 22.36 21.56 
Pelecypoda 13 10.15 6 7.89 9.31 
Gastropoda 13 10.15 11 14.47 11.76 

Bryozoa 4 2.89 3 3.94 3.43 
Ascidiacea 4 2.89 3 3.94 3.43 
Pis ces 27 21.09 5 6.57 15.68 

125 97.06 71 93.38 96.00 
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Fig.37. Circle diagrarn, indicating proportions ofthe different taxa out of the total of Lessep­
sian migrants. inner circle: high probability migrants; Duter circle: low probability migrants. 

P: Pelecypoda; G: Gastropoda (original) 

Chordata, Echinodermata). On the class level there are four main classes among 
the migrants: Pis ces Teleostei, 27 species (21.09%); Crustacea Decapoda, 23 spe­
cies (17.96%); Mollusca Gastropoda, 13 species (10.15%); Mollusca Pelecypoda, 
also 13 species (10.15%). 

If the Low Probability Lessepsian Migrants are added, the total is 204 species 
and the percentages per phyla are somewhat modified in favor of the Algae and 
the Annelida Polychaeta: Crustacea 25.00%; Mollusca 21.56%; Pis ces 15.68%; 
Algae 12.25%; and Annelida 11.27%. The total of the five principal phyla be­
comes 85.76% as compared with 87.48% (their relative frequency among HPLM 
alone) (Fig.37). 

This indicates that among the algae and polychaetes there are relatively more 
cases of doubtful migrants than among the other phyla, especially among the 
well-studied fishes. However, the relative importance of the five major groups 
remains unchanged. 

Some missing phyla or scarcely represented phyla among the migrants need 
special mention. First, several planktonic classes and phyla are absent altogether. 
Echinodermata are represented by three species only and Coelenterata by two or 
three doubtful species. This diversity pattern paralleIs the picture found in the 
biota of the Suez Canal. Without going into a detailed comparison of the Canal 
biota with the Lessepsian migrants it is clear that every major taxon found among 
the migrants is also found in the Canal. 

The inequality or uneven distribution between the major taxa, as represented 
within the Canal biota, is even more pronounced at the level of the Lessepsian 
migrants. Echinoderms and coelenterates are represented in the Canal by several 
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Fig.38. Distribution of migrant fishes in Eastem Mediterranean (legend as in Fig. 36) (origi­
nal) 

more species of Red Sea origins, and even representatives of the planktonic Chae­
tognatha are present in the Canal. Red Sea Cephalopoda and Scaphopoda have 
been reported in the Canal but not further north. 

If we look at the composition of the 23 species which migrated into the 
Mediterranean before 1929 (0.1.0 species) we find only one decapod, the crab 
Portunus pelagicus, while the other four phyla are much better represented. Dur­
ing the following period, after 1930 (0.2.0), no less than 18 species of Decapoda 
emerged from the Canal; therefore, among the 0.2.0 species the Decapoda alone 
represent 22.2% giving perhaps an indication that this group actually gained its 
preponderant role only in the second stage ofthe Lessepsian migration. 

It is interesting to see how the five major groups (Algae, Polychaeta, Decapo­
da, MOllusca, and Pisces) behave, as far as the area extension in the Medi­
terranean is concerned. Understandably the fishes are the Lessepsian migrants 
which have spread farthest to the west, to the Gulf of Taranto, Lampedusa and 
Tunisia (Fig.38). As a group, the Decapoda are the second best colonizers, espe­
ciallY the Penaeidae with four species, the Portunidae with three species and Myra 
fugax of the Leucosidae. Decapods have as yet barely been reported from the 
Western area (0.0.4); they have not advanced along .the Anatolian coast beyond 
Rhodes. Portunus might have reached Sicily adventively (Fig. 39). 

The Mollusca occupy the third place as successful colonizers: only Brachi­
dontes variabilis reached Sicily (hut did not advance along the Anatolian coast) 
and M alleus regula has been reported from Cyprus. The bulk of the molluscs is 
still confined to the Levant shores (0.0.2). There are however some rather dubious 
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Fig.39. Distribution of migrant decapod crustaceans in Eastern Mediterranean Oegend as in 
Fig. 36) (original) 

cases of westward migration among the molluscs which need further confirrna­
tion. Pinctada radiata is a special case (Fig.40). 

The algae and polychaetes behave in a way which perhaps might be indicative 
of possibilities of passive transport. The Lessepsian migrants of these taxa appear 
without any obvious justification of active distribution in isolated and sometimes 
distant spots. The best example are the species of eventual migrant polychaetes 
reported by Harmelin (1969) from Crete, their only known locality in the Medi­
terranean. Similar is the case of the alga Hypnaea valentiae reported only once by 
Reinbold (1898) from Rhodes, or the case of the alga Gracilaria arcuata reported 
by Feldmann (1931) from Tunis (hut also from Alexandria by Aleern, 1948!). 

With the exception of these two taxa, it seems that the Lessepsian migrant 
species advance gradually along the shores. Even in such groups as Bryozoa and 
Ascidiacea, where passive spread by ships can easily be taken into account, there 
are no indications that they have extended their area in "jumps". The representa­
tives of these two taxa are 0.0.1 and 0.0.2 species, with the one exception of the 
ascidian M etrocarpa nigrum. The two main migrant families of Decapoda are the 
Penaeidae and the Portunidae, both of which are active swimmers. Families of 
Decapoda which disseminate by means of long-lived planktonic larvae are not 
represented among the Lessepsian migrants. Barash and Danin (1972) mention 
that among Indo-Pacific Mollusca found in the Mediterranean the number of 
Lamellibranchia equals that of the Gastropoda; usually in the marine environ­
ments there is a preponderance of Gastropoda. It will be interesting to find out 
what the reason for that is, whether the mode of reproduction or bottom-type 
preference. 
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Fig.40. Distribution of the migrant molluscs in the Eastern Mediterranean Oegend as in 
Fig. 36) (original) 

There are very few planktonic species among the Lessepsian migrants. In fact, 
we can count here only the two diatoms Chaetoceros coarctatus and Rhizosolenia 
indica and three species of Copepoda Calanoida: Acartia centrura, Calanopia ellip­
tica, and Calanopia media. Lately, Dowidar (1973) reported the appearance in 
1966 of Ceratium egyptiacum in the offshore area of EI Arish. He considers the 
presence of this species in the Mediterranean as being dependent on continuous 
supply from the Red Sea. The planktonic decapod Luci/er hanseni has not suc­
ceeded in leaving the Canal opening yet. 

The two or three problematic Hydrozoa among the Lessepsian migrants 
might have used passive transport rather than free planktonic medusae. For such 
outright holoplanktonic groups like Chaetognatha, Appendicularia, Thaliacea 
there is no known case of Lessepsian migrants, although the fauna of the Eastern 
Mediterranean is weIl known (Furnestin, 1953; Fenaux, 1971; Kimor, 1972; Go­
deaux, 1973, 1974). 

There certainly are several animal groups in which information is scarce or 
even non-existent and therefore, they have no known Lessepsian migrants : for 
example, benthic Diatomacea, Actinaria, Platyhelminthes, Nemertes, Nematoda, 
Isopoda, Amphipoda, Ostracoda, Acarina. In some groups where we know of 
only 1- 2 cases of migrants (e.g. Pantopoda, Hydrozoa, Cumacea, Tanaidacea, 
Polyplacophora), further investigation may add a few more Lessepsian migrants. 

However, for the Scleractinia (the reef-bujlding corals) and the OctocoraIlia, it 
is clear that no migration has occurred. The wealth of animal species- whole 
families and orders associated with the coral reefs-did not enter the Medi­
terranean either. In some weIl-investigated animal groups: Cirripedia (barnacles), 
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Echinodermata, Cephalopoda, Selachia (sharks), migration did not occur or was 
minimal. 

From all these, and also from some facts to be discussed in more detail below, 
we can draw the list of attributes that make a successful Lessepsian migrant. 
These fall under different categories (Table 7). 

Since as a rule the migrational process includes aperiod of several generations 
of life within the Canal, properties necessary for the survival in the waterway are 
of highest importance. The ten biological properties listed above can eventually 
be subdivided into two categories, i.e. those which are obligatory for every mi­
grant species and those which are alternative. It is evident that every Lessepsian 
has to fulfill at least three conditions: (a) to be euryhaline for high salinites; (b) to 
be nonselective as far as substrate is concerned; and (c) to be a euryphagous, 
nonselective feeder. 

Eurythermy is probably useful but not necessary; it is probably the main 
reason for the distributional success in the expansion of the farthest advanced 
migrants (0.0.3 and 0.0.4 species). The different types of reproduction, or the three 
alternative ways of locomotion can appear in different combinations. One has to 
take into account that animals which are sessile in their adult phase are advanc­
ing by means of their short-lived pelagic larvae. Long-distance displacement on 
ship hulls-has led to cosmopolitan distribution; such species cannot be consid­
ered Lessepsian migrants. 

Stenohalinity, monophagy and specialized substrate requirements are the 
main factors which exclude a species from Lessepsian migration. Holoplanktonic 
life or reproduction through long-lived planktotrophic larvae are the other im­
portant limiting factors. Scleractinians, for example, are stenohaline and need 
sediment-free rock substrates; most echinoderms are also stenohaline and have 
planktotrophic larvae; many fishes and gastropods are too monophagous to find 
a suitable new food organism in the Mediterranean. 

It is an important task for future research to find out wh ich are the specific 
inadequacies in the case of every species which has not used the Lessepsian 
opportunity. This critical adaptive unfitness can understandably also appear at 
some young reproductive stage. Such research is no doubt necessary in order to 
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explain, for instance, why Cassiopea andromeda, the medusa which was so success­
ful in colonizing the Canal, did not succeed in expanding into the Mediterranean. 

The broad ecological valency of the Lessepsian migrants makes them very 
successful in the intraspecific competition in their new environment. Therefore, 
the biotic relationships established in the Mediterranean between the invaders 
and the autochthones probably-within certain environmental limits-lead to 
the success ofthe Lessepsian migrants. 

Unlike some ofthe well-known invasional episodes ofterrestrial zoology, the 
Lessepsian migration is a success story. The Lessepsian migrants are gradually 
building up their populations and expanding within their new marine province. I 
know of no case in which a Lessepsian migrant recorded at an early date disap­
peared afterwards. There are no reported cases of area restriction following the 
primary expansion. There were no population explosions and population crashes. 

Unfortunately, the process of colonization, of niche conquest, or of species 
displacement has not been followed and studied even in one single Lessepsian 
species. The few scattered and circumstantial data available in order to describe 
the fate ofthe Lessepsian migrants within their new environments are compiled in 
Chapter 3.7. 

A highly significant subject for investigation reiated to Lessepsian migration 
has only recently been approached: the study of the parasite fauna of the migrants 
can be of importance in three very important respects: (1) comparative parasitol­
ogy may give additional c1ues, confrrm or disprove zoogeographical conc1usions; 
(2) it may explain the success of the migrant in its new environment; and (3) it 
may indicate newly established interactions between local and newcomer species 
and reveal a potential threat of epidemics. 

Unfortunately, the only data available are those concerning ichthyoparasites, 
and these data are provided exc1usively by the work done by Paperna and some of 
his collaborators. In Paperna's words (1972d): "Parasites may be introduced by 
migrant fish and consequently infect the autochthonous fish. The change in the 
environment may increase the pathogenic effect of the parasites on their original 
migrant host. The original parasitofauna of the migrant host may be lost alto­
gether in the new environment." 

Paperna (1972d) conc1udes that endoparasites cannot migrate unless their 
intermediary hosts, i.e. invertebrate species, actually migrate together with the fish 
species. Only the snail Pirenella cailliaudi which is known to harbor metacerca­
riae of several species of helminths, might be a source for endoparasites alien to 
the Mediterranean. 

Ectoparasites migrate together with their hosts if they are euryhaline and 
eurythermal enough. A "c1eaning" of the fish through migration into a more 
saline environment has been documented by Paperna and Lahav (1975) for the 
Mugil species ofthe Sirbonic lagoon (Bardawil). 

The ectoparasitic monogenean Ancyrocephalus salinus has followed its host 
Aphanius dispar everywhere: it is known from the Red Sea, the Mediterranean, 
and also from the landlocked springs arol!lld the Dead Sea (paperna, 1964). 

The c1earest results have been obtained from Mediterranean populations of 
Siganus rivulatus and S.luridus. The two fishes have carried into the Medi­
terranean some of their Red Sea monogeneans : Pseudohalitrematoides oramini 
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and P.polymorphus (paperna, 1972d). On the other hand Crenidens erenidens the 
lagoon-dwelling fish has a different parasitofauna in the Mediterranean lagoons 
compared with those of the Red Sea. In the lagoons it shares the monogenean 
Lamellodiscus elegans with the Mediterranean fish Diplodus sargus and the same 
trematode species with the Mediterranean Sparus aurata. The euryhaline Medi­
terranean fish Dicentrarchus punctatus recently reported from the EI Bilaiyim 
lagoon in the Gulf of Suez has a rather different parasitic fauna (paperna, 1974). 
One may surmise, on grounds of comparative parasitology, that the two euryha­
line fishes may have migrated in their opposite ways in pre-Lessepsian times, 
through estuarine, isthmian connections; they therefore had time to change their 
original parasitofauna. Some Lessepsian migrants, e.g. H emiramphus Jar and 
Sphyraena chrysotaenia do not carry a Red Sea parasito fauna in their new Medi­
terranean habitat. 

Paperna and Overstreet (in press) consider that some parasites of Mugil in the 
Mediterranean, such as the monogeneans Benedenia n. sp. and the copepod Ni­
pergasilus bora may be regarded as Indo-Pacific irnmigrants. On the contrary, the 
acanthocephalan N eoechinorh ynchus agilis and the copepod Pseudocaligus apo­
dus may have migrated together with the mullets into the Red Sea. 

It is c1ear that several species of parasites have to be added to the list of the 
Lessepsian migrants and possibly also to the "Anti-Lessepsians" (i.e. migrants to 
the Red Sea). These are evidently species which are at least as euryhaline as their 
hosts. 

There is no sense to complain again on the lack of further information in this 
interesting field of study. Suffice it to quote from Paperna (1972d) a questioning 
sentence which still needs an answer: "If immigrant species are like1y to be re1a­
tively less infected with parasites and pathogens, will they eventually become 
more competitive and eventually overtake the local species?" 

3.7 Analysis of the Colonizing Success 
of Lessepsian Migrants 

Very litde has been done to understand the reason for the success of the 
Lessepsian migrants. We have no adequate monitoring of the buildup of the 
migrant populations, of their dependence on the environmental factors, and of 
their interactions with the autochthonous biota. 

In most cases we are confined to occasional collecting data, from scattered 
localities. In very few cases have the findings been rechecked in the same locality. 
This accidental character of our knowledge-evident at the qualitative level dis­
cussed above-becomes more painfully feIt if we try to reach quantitative, dy­
namic or ecological conc1usions. 

One circumstance is neverthe1ess c1ear and beyond doubt: the Lessepsian 
migrants are successful species, expansive r strategists (Pianka, 1970) and there are 
no known examples of a reversal-i.e. of a disappearance or radical depletion of 
the Lessepsian population in the Mediterranean. In the words of Gilat (1969): 
"Wehave evidence that all the imrnigrants became members of the existing 
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eommunities, some of them even oeeupied dominant positions ... There is 
evidenee that there is no regress in the building up of populations of the new 
immigrants". 

Some data exist from three ecologieal eategories of migrants, namely: demer­
sal fish; infralittoral level-bottom maerofauna; and intertidal roek-dwelling 
fauna. 

The role played by the fish among the Lessepsian migrants has been shown to 
be very important. According to Ben-Tuvia (1972), 11.6 % of the fish species along 
the Israel eoast are immigrants from the Red Sea. No less than 21 of the 27 species 
of High Probability Lessepsian migrants appear regularly in eommereial eatehes. 
According to George and Athanassiou (1966), 5 of the 26 eommercially important 
fishes of the beaeh seine eatehes of the Gulf of St. George in Lebanon are immi­
grants. 

The analysis of the eateh statistics of the Israel fisheries gives very interesting 
information eoneeming a few migrant species sueh as Upeneus moluccensis, Upe­
neus asymmetricus, Saurida undosquamis, Leiognathus klunzingeri, Sphyraena 
chrysotaenia, Atule djeddaba, Dussumieria acuta, Pranesus pinguis, and H emiram­
phus far. While the pelagie fishery landings are mostly eomposed of the autoeh­
thonous species Sardinella aurita (Ben-Tuvia, 1973), the pelagie Lessepsian mi­
grants play ehiefly a role offood basis for the big open sea predators. Ben-Tuvia 
(1973) quotes the work done by Bograd-Zismann between 1963-1970 on the food 
ehain ofthe little tuna Euthynnus alleteratus. Several Lessepsian species oeeurred 
in the stomaeh eontents of this species, especially in younger age groups. H emi­
ramphus far made up 3% of the food of older specimens of Euthynnus. Another 
species, Pranesus pinguis. was an important food item in the month of January. 

Among the trawl eatehes of demersal fish there are several species of migrants 
of the highest economieal value (here the statistics enabled some analytical eon­
clusions). Especially important are the indications eoncerning direct or indirect 
eompetition between species. 

The first pair of species whieh has been investigated are from the Mullidae 
(goat fishes): the loeal Mullus barbatus (the red mullet), and the immigrant Upe­
neus moluccensis (the yellow-striped goat fish). Wirszubski (1953) eonsidered that 
10-15% ofthe eateh ofMullidae in the years 1946-47 and 1949-1950 was made 
up ofthe immigrant species. According to Oren (1957), following an exeeptionally 
warm winter the eateh of Upeneus moluccensis was 83% of the mullet eatehes of 
1956. Sinee 1954 the Lessepsian migrant species has maintained a more or less 
permanent pereentage of 30% (Ben-Tuvia, 1973). There are indieations that tem­
perature plays an important role in the quantitative relationship between Mullus 
and Upeneus.1t is interesting also to note (Ben-Tuvia, 1973) that Mullus remained 
eonsistently dominant on bottoms deeper than 70 m. 

A similar relationship was studied by Ben-Yami and Glaser (1974) and is the 
first attempt to reaeh eonclusions about the niehe eompetition between a Ioeal 
species and an invader: The invader Saurida undosquamis was first reported in the 
Mediterranean in 1952; in 1953 it appeared in trawl eatehes in the EI Arish-Gaza 
area (Ben-Tuvia, personal eommunication). 

In thewinter of 1954-55 the amount oflizard fishes inereased dramatically and 
since then it has eonstituted 20% of the trawl eatehes and 11 % of the total 
landings ofthe Israel sea fisheries (Ben-Yami and Glaser, 1974). Saurida does not 
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compete with the local Atlantic lizard fish Synodus saurus which is rare and 
noncommercial, but with the hake M erluccius. The two fishes share the same food 
and frequently the same bottoms. The above-mentioned authors reach the con­
clusion that Saurida takes advantage of dry warm winters and M erluccius of the 
rainy cold winters. Ben-Yami and Glaser (1974) also reach the conclusion that the 
two species have divided the shelfbetween them, in such a way that in the summer 
the lizard fish predominates shallow bottoms and is barely overlapping with the 
hake, while in the winter, the hake advances into the shallow areas. Saurida is 
generally caught down to maximum 80 m. M erluccius appears in the summer 
chiefly below tbis depth. It seems therefore that Saurida might have occupied the 
shallower parts of a depth range previously occupied only by the hake. The food 
of the two species is rather similar, composed mainly of anchovy, and lately of two 
Lessepsian migrant fish: Leiognathus klunzingeri and U peneus asymmetricus. Ben­
Yami and Glaser (1974) reach the conclusion that the sudden appearance of 
Saurida did not increase the trawl catches but merely displaced M erluccius to 
deeper bottoms. According to Gorgy (1966), the hake is found along the Egyptian 
shores only deeper than 100 m. Since the 1954-56 invasion, Saurida has main­
tained its numbers and has not descended below 13% of the total trawl catches 
(Fig.41). 

Ben-Tuvia (1973) mentions that before the appearance of Saurida in commer­
cial amounts in 1955, the catches of the immigrant food fish Leiognathus klunzin­
geri were bigger. This conclusion would in a way contradict the previous conclu­
sion about the penetration of Saurida into the same food niche. An additional 
prey such as Leiognathus may have reasonably increased the available food basis 
for the two competing species Saurida and M erluccius. 

Speaking of the near-shore fishes, Ben-Tuvia (1973) mentions that Siganus 
rivulatus may make up as much as 50% of the fishes caught in fish poisonings. 
Popper (personal communication) considers that S. rivulatus thrives at the ex­
pense of the local fish Sargus. Among the barracudas the immigrant Sphyraena 
chrysotaenia makes up presently one half of the catches, while the two local 
species S. sphyraena and S. viridensis constitute the other half (Ben-Tuvia, 1973). 
Since here too the local species have not disappeared, the logical explanation is 
that the migrants fitted themselves into the food niche of the natives, by better 
exploitation ofthe available food or due to the enrichment in the food basis itself 
by the addition of migrant species. 

In the case of the immigrant shrimp and portunid swimming crabs immigra­
tion has resulted in a better exploitation of apreexistent food basis. There are six 
species of commercial shrimp in the Levant basin; four of them are Lessepsian 
migrants: Penaeus japonicus, P. semisulcatus, Metapenaeus monoceros and M. 
stebbingi; two ofthem Penaeus kerathurus and Parapenaeus longirostris are Atlan­
tic species. According to Tendler (personal communication) the migrant shrimp 
make up 80% of the Israel shrimp-catches. Along the Anatolian coast another 
Lessepsian migrant shrimp becomes commercially important: Trachypenaeus cur­
virostris (Geldiay and Kocatas, 1972). According to' these authors Penaeus japoni­
cus is usually more abundant at Iskenderun than P. kerathurus. 

If one analyzes the tables of the bathymetric distribution of benthic inverte­
brates as given by Gilat (1964, 1969) for four profiles along the coast of Israel and 
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Fig.41 a--c. Trawl catches and ratio of Saurida and M erluccius in Israel Mediterranean area 
(1950-1970). (a) all fishes in catch per unit effort; (b) same for Saurida and Merluccius; (c) pro­
portion in catch ofthe two species. Saurida: fulliine; Merluccius: dashed line (from Ben-Yami 

and Glaser, 1974) 

North Sinai (Rubin, 1960-1962; Alexander, 1968-1969; Ashdod, 1968-1969; EI 
Arish, 1968-1969) it appears that the autochthonous Parapeneus longirostris ex­
tends down to over 200 m, while the Indo-Pacific species are confined to bottoms 
shallower than 80 m. The numbers of P. longirostris also increase towards greater 
depths. 

Speaking of benthic crustaceans, it is interesting to observe the congeneric 
pair of mantis shrimps: the Atlantic Squilla mantis and the immigrant Squilla 
massawensis. Although known from Alexandria in the late thirties, S. massawensis 
was reported from the coasts of Israel only in 1955. Since then, it has appeared 
constantly together with S. mantis. According to the data from Gilat's profiles (see 
below) S. massawensis is chiefly collected at depths of 10-50 m, S. mantis between 
35 and 80m. 
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Abundant 

Fig.42. Bathymetric distribution of Charybdis helleri (Decapoda) ofT southern coast of Israel 
(from Gilat, 1964) 

The success of the colonizing crabs was remarkable. The swimming crab 
Charybdis longicollis, reported for the first time in the Gulf of Mersin in 1954, 
became in the later years a "true pest" in the words of Lewinsohn and Holthuis 
(1964). Gilat (1964) found this species as a dominant benthic form on the sedimen­
tary bottoms off Rubin between 1960-1962. Charybdis longicollis constitutes up to 
70% of the macrobenthic biomass on bottoms of mixed sand and mud. This 
species was found to be most abundant around 30 m depth and disappeared at 
depths greater than 80 m (Fig.42). Charybdis also maintained its plentiful popula­
tions later (Gilat's 1968- 1969 profiles) and also along the whole geographical 
range from EI Arish profile to Alexander profile, and was not found below 65 m 
depth. 

Two species of swimming crabs, the Lessepsian migrant Portunus pelagicus 
and the recent West Atlantic intruder Callinectes sapidus, are fairly common in the 
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catches from depths of 15-50 m along the Egyptian and Sinai Coast (Gulf ofTina) 
(Gorgy, 1966). For all these species of portunid crabs it is difficult to indicate a 
competing local species which has been displaced. None of the local portunids 
was frequent enough to be compared with the wealth of the three species of 
newcomers. 

The success of the leucosid crab Myrafugax reported from Jaffa as early as 
1930 cannot be regarded as a competitive displacing of a closely allied local species. 
In the Rubin profile (Gilat, 1964) it appears as a dominant species besides Charyb­
dis longicollis, on the same type of bottoms between 35-50 m (Fig.42). It seems 
however that Myra fugax is still frequent at depths over 100 m, probably the 
deepest going Lessepsian migrant, encountered also on bottoms of clean mud. 
There are two species of local leucosid crabs in the Eastern Mediterranean., 
Ebalia granulosa and Ilia nucleus, but they are not known to be frequent in any of 
the investigated stations. Another Indo-Pacific leucosid crab, Leucosia signata, 
has also appeared recently in the Levant. 

There are few data about the colonizing success of the Lessepsian migrants 
among the level bottom molluscs. According to Gilat (1969) the bivalve Paphia 
undulata is a fairly characteristic species of mixed bottoms between 10-35 m. It 
does not appear on shallower clean-sand bottoms and not deeper than some 35 m. 
A curious case of sudden massive appearance is that of the gastropod Ceri­
thium kochi. This Red Sea species, not reported in the Suez Canal, did not appear 
in Gilat's collections from Haifa Bay (1953-1956) or from Rubin (1960-1962). 
First dredged in 1963 in the Bay, it has since appeared rapidly as one of the 
dominant species of the level bottoms of the Israel coast -between 20-60 m depth. 
In Gilat's 1968-1969 profiles it was already one of the mass organisms. It is very 
difficult to assume that this sudden explosion of Cerithium populations, main­
tained at about the same numerical levels, has occurred at the expense of some 
other species. There is to our knowledge no species of gastropods which has such 
huge biomasses on the inshore level bottoms of Israel.! 

It is interesting to analyze the qualitative importance of the Lessepsian mi­
grants among the general species diversity which characterizes the different 
depths ofthe EI Arish profile (Gilat, 1969). 

Between 5-8 fathoms 1 Lessepsian out of 9 frequent species 
Between 10 fathoms 5 Lessepsians out of 10 frequent species 
Between 12 fathoms 7 Lessepsians out of 12 frequent species 
Between 20-25 fathoms 3 Lessepsians out of 18 frequent species 
Between 30-40 fathoms 1 Lessepsian out of 19 frequent species 
Between 50-100 fathoms 2 Lessepsians out of 30 frequent species 

1 Note added in proof: Recently, M. Tom in a thesis "The Benthic Fauna Association of Haifa 
Bay" (Tel-Aviv University, October 1976), compared the benthic diversity of sampIes collected 
in 1974-75 with those collected there by Gottlieb-Gilat in 1953-56. Four Indo-Pacific species 
have been found as new and numerous members ofthe benthic communities ofHaifa Bay: the 
crab Charybdis longicollis was frequent on biogenie rocks and the gastropods Cerithium kochi 
and I sanda cf. holdsworthiana on soft bottoms between 25-30 m. The brittle star Ophiactis parva 
(Mortensen), a new addition to the list of the Lessepsian migrants, has been found by Tom as 
a frequent inhabitant of the Caulerpa scalpellijormis meadows and on the arms of Antedon 
mediterranea around 40-50 m depth. 
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Turning now to the littoral rock dwellers, information becomes increasingly 
scarce. Safriel and Lipkin (1975) compared the repartition of222 species along the 
Intertidal zonation pattern ofthe Mediterranean coast at Mikhmoret-201 native 
species and 21 Lessepsian species. They found no immigrants in the Supralittoral, 
fewer in the Upper Midlittoral than proportionally expected, normal proportions 
in the Mid Midlittoral and Lower Midlittoral and a relatively higher proportion 
than expected in the Infralittoral. Several of Safriel's students are at present 
studying the interspecific relationship between native and colonizing species in 
the rocky littoral : Felsenburg (1974) could not find any clearcut difference be­
tween the present vertical distribution of the autochthonous M ytilus minimus and 
the migrant Brachidontes variabilis. These two species appear interspersed, and B. 
variabilis did not change its vertical distribution in the intertidal belt after enter­
ing the Mediterranean. Ayal (unpublished) is studying the competition assumed 
to exist between the colonizing species Cerithium scabridum and the non-coloniz­
ing autochthonous Cerithium rupestre. The two species occur together along the 
shores of Israel, north of Caesarea. Ayal has found C. scabridum to be dominant at 
present, sometimes with thousands of specimens per square meter, in a site in the 
Bay of 'Akko (Acre) where in 1964, according to Safriel, C. rupestre was domi­
nant. According to Ayal there is an explosive settling of young specimens of C. 
scabridum in September-October but during the winter the cold frequently de­
stroys the whole population of settlers. It is important to mention that Cerithium 
scabridum lives in the shallowest tens of centimeters of water where the cooling in 
the winter is most drastically feIt. 

The Bay of Acre is an especially favorable site for the Red Sea immigrants. 
The bay is sheltered from the open sea by the additional structures of the old 
Crusader and Turkish port; pollution is minimal since the harbor is used only by 
small fishing craft. The waters are quiet, undisturbed and warm. This environ­
ment shows at present the most abundant populations of the pearl oyster Pinc­
tada radiata on the Israel coasts: the pearl oyster forms wh oIe reef-like structures. 
It is here that huge concentrations of the red-colored immigrant crab Atergatis 
roseus are found, a species first reported in the Mediterranean in 1961. 

The little sea star Asterina wega is very frequent at 'Akko (Acre). Achituv 
(1969, 1973) has studied the appearance of this Lessepsian migrant in the Medi­
terranean and the parallel disappearance of the autochthonous Asterina gibbosa. 
A. wega was first collected in small numbers in Haifa Bay, in 1955. Since then it 
underwent a regular population explosion and is found by the thousands. Achituv 
(1973) collected 530 specimens of tbis little sea star at Akhziv on one single 
occasion in June 1970. 

It seems that in some relation with the appearance of A. wega, the other 
species A. gibbosa disappeared. Out of the 37 specimens of A. gibbosa found by 
Achituv in the collections of the Hebrew University, 34 were sampled at 'Atlit 
between 1934 and 1944. In 1970 Achituv was unable to find any A. gibbosa on the 
collecting sites of 'Atlit whence most of the known specimens came. The locality, 
however, yielded specimens of A. wega. It seems tliat A. gibbosa was last collected 
at Shiqmona in 1963. On the island of Cyprus, according to Achituv, A. gibbosa 
alone is found, and frequently. 
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Two facts need to be emphasized: A. wega is a species which reproduces 
asexually by fission and subsequent regeneration, and Achituv found little indica­
tion that the species reproduces sexually in the Mediterranean. This is a circum­
stance which was no doubt most favorable for the spreading and colonizing 
success of A. wega. Besides, this species is now found only north of 'Atlit, and the 
various populations show clear differences in sizes and in the regeneration coeffi­
cient. One may assurne that a favorable year, or period of years, has enabled 
several small populations ("propagula") to proliferate rapidly and independently 
from a general gene pool. 

The nearshore waters offer several other examples in which the biology of 
colonizing can be investigated: for instance, the interrelation between the local 
purpie snail Thais haemostoma and the Lessepsian migrant Thais carinifera first 
reported in 1956 from Tel-Aviv. The migrant species has been fairly common 
since and the analysis of the relation between the two species is easy to follow 
because they leave behind clearly distinguishable egg capsules. In two other mol­
luscs common along the rocky shores of Israel-the key-hole limpet Diodora 
rüppelli and the hammer oyster Malleus regula-there is no obvious evidence that 
their settling success was detrimental to any local species. 

Finally, the meiobenthos offers another interesting case of niehe occupation 
by a Lessepsian migrant species. I have shown (Por, 1964) that the bathymetric 
succession of the Copepoda Harpacticoida of the Canuellidae is different, com­
pared with European waters, because of the appearance of the Lessepsian migrant 
Scottolana longipes. Usually Canuella perplexa occupies the predominantly sandy 
bottoms and Canuella jurcigera follows deeper on the predominantly sandy 
muddy bottoms. Along the Levant shores, Scottolana longipes clearly occupies the 
belt in which usually C. jurcigera is found. It is interesting that S. longipes de­
scends to such depths as 430 m and occurs everywhere from 20 m downwards in 
great numbers. 

A few conclusions can be drawn from the analysis of the relatively scarce data 
that we have: 

1. The colonization by the Lessepsian migrants is not of the type studied in 
various cases of invasions of terrestrial animals. There is a build-up of popula­
tions, sometimes even explosive, but this is not followed by a population crash but 
by constant and relatively high numbers. 

2. Following Gilat's words (1969), it looks as if the Lessepsian migrants first 
have small populations, propagula, which are "waiting" for the favorable environ­
mental episode to build up a significant population. 

3. In agreement with Ben-Tuvia (1973), I consider temperature to be the most 
important single factor in triggering the build-up of a successful migrant popula­
tion, for example the many successful populations of Lessepsian migrants whieh 
appeared after the warm winters of 1955-1956 and 1960-1961. 

4. The Lessepsian migrants are most successful at intermediary depths, be­
tween 20-40 m on mixed sandy-muddy bottoms. The rock dwellers prefer the 
infralittoral. The reason is the strong cooling of the shallow waters in the winter 
and the exposure to cold at higher intertidallevels. Usually, the depth limit of the 
Lessepsian migrants is 70-80 m: this is the depth whieh according to Oren (1970), 
has a year-round temperature limit of 18° C. 
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Table 8. Congeneric or other interspecific species-pairs in the Eastem Mediterranean 

Local Mediterranean species 

Canuella furcigera 

Parapenaeus longirostris 
Penaeus kerathurus 

Ilia nuc/eus 
Ebalia granulosa 
Squilla mantis 
M ytilus minimus 
Cerithium rupestre 
Thais carinifera 
Asterina gibbosa 
Sphyraena sphyraena 
Sphyraena viridensis 

Mullus barbatus 

Merluccius merluccius 
Synodus saurus 

3.3.2 

{ 
2.2.3 
3.2.3 
2.2.3 
2.2.3 

} 2.2.3 

2.2.2 
1.1.4 
1.1.2 
2.2.2 
2.3.2 

} 3.3.4 

{ 3.3.2 
3.2.4 

} 4.2.3 

Red Sea species (Lessepsian Migrant) 

Scottolana longipes 
Penaeus japonicus 
Penaeus semisulcatus 
M etapenaeus monoceros 
Jrachypenaeus curvirostris 

Myrafugax. 

Squilla massawensis 
Brachidontes variabilis 
Cerithium scabridum 
Thais haemostoma 
Asterina wega 

Sphyraena chrysotaenia 

U peneus moluccensis 
Upeneus asymmetricus 

Saurida undosquamis 
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5. A second reason for the typical depth preference of the Lessepsian migrants 
can be seen in their nonselectivity for substrate (see previous chapt.). This gives 
them an advantage on mixed sand-muddy bottoms and on rock bottoms prone 
to be covered with sediment. 

6. Other than the ease of Asterina gibbosa there is no known case in which a 
Lessepsian migrant species has complete1y replaced a local one. The rule seems to 
be a bathymetric readjustment between the local species and the invader, the loeal 
species maintaining its dominance on deeper, Le. cooler bottoms. Examples are: 
Merluccius, Squilla mantis, Parapeneus longirostris. 

7. Only in the ease of Saurida vs. M erluccius do we have proof of competition 
for the same food organism. In all the other cases (with the exception of Asterina 
wega versus A. gibbosa) the immigrant accommodates itself very well with its 
supposed loeal competitor (Table 8). It seems as if the carrying capacity of the 
environments of the Levant allows for additional links in the food chains. In some 
cases such as the Penaeidae and Portunidae, or Cerithium kochi, we have instances 
of population build-ups on previously less populated bottoms. The case of Brachi­
dontes variabilis and Pinctada radiata may be similar. The abundance of the prey 
fish Leiognathus klunzingeri may indieate that Lessepsian migrants increase the 
trophic basis ofthe Levant Basin. 

The fact that at least 41 species of a total 204 Lessepsian migrants have 
become very common in the Levant basin is c1ear proof of the success of the 
immigration. From the 41 species only 6 or 7 are unknown in the Suez Canal. 
There seems to be no obvious corre1ation between earlyentrance into the Canal 
or early emergence into the Mediterranean, and the success of the Lessepsian 
migrants to establish big populations, along the Levant coast. 

Five sketch maps are presented to illustrate- the advance of five species of 
successful migrants: Portunus pelagicus (Fig.43), Cerithium scabridum (Fig.44), 
Pranesus pinguis (Fig.45), Siganus rivulatus (Fig.46), Holocentrus ruber (Fig.47). 
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Fig.43. Gradual advance of Portunus pelagicus (Decapoda) in the Mediterranean (original) 

Fig.44. Gradual advance of Cerithium scabridum (Gastropoda) in the Mediterranean (original) 
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Fig.45. Gradual advance of Pranesus pinguis (Pisces) in the Mediterranean (original) 

Fig.46. Gradual advance of Siganus rivulatus (Pis ces) in the Mediterranean (original) 



Fig.47. Gradual advance of Holocentrus ruber (Pis ces) in the Mediterranean (original) 

In addition to the species tabulated above, the following Lessepsian migrant 
species are known to have considerable populations in the new environment: 

Table 9. Very common Lessepsian migrants in the Levant 
Basin with unknown local competitor 

4.1.2 Caulerpa scalpelliformis (alga) 
2.1.3 Halophila stipulacea (see-grass) 
4.2.2 Chrotella cavernosa (sponge) 
2.1.2 Pseudonereis anomala (polychaete) 
4.3.2 Apseudes intermedius (tanaid crustacean) 
4.3.2 Atergatis roseus (decapod crustacean) 
4.2.3 Charybdis longicollis (decapod crustacean) 
1.1.3 Portunus pelagicus (decapod crustacean) 
3.3.2 Gastrochaena cymbium (lamellibranch mollusc) 
1.2.3 Malleus regula (lamellibranch mollusc) 
1.1.4 Brachidontes variabilis (lamellibranch mollusc) 
1.1.4 Pinctada radiata (lamellibranch mollusc) 
3.3.2 Bursatella leachi savigniana (gastropod mollusc) 
4.3.2 Cerithium kochi (gastropod mollusc) 
1.2.2 Diodora rüppelli (gastropod mollusc) 
4.3.2 Hippopodina jeegeensis (bryozoan) 
2.1.2 Herdmania momus (ascidian) 
2.2.2 Callionymusfilamentosus (fish) 
1.2.3 Dussumiera acuta (fish) 
1.1.4 Pranesus pinguis (fish) 
1.1.2 Atule djeddaba (fish) 
1.2.4 Leiognathus klunzingeri (fish) 
1.3.4 Siganus luridus (fish) 
1.1.4 Siganus rivulatus (fish) 
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3.8 Zoogeographical Consequences 
and the Future of Lessepsian Migration 

First of all I shall try to summarize the zoogeographical impact of the Lessep­
sian migration as it now stands. It is important to be able to give a mathematical 
expression of the new situation created in the Mediterranean fauna after a century 
of Lessepsian migration. In the discussions above, more than 200 species of 
Lessepsian migrants have been mentioned. Taking into account the incomplete­
ness of our knowledge, I would suggest 500 as the probable number of Lessepsian 
species actually present in the Mediterranean. Riedl (1963) estimates a total of 
15,000 species of animals in the Mediterranean. If so, then Lessepsian migration 
has added about 3% to the Mediterranean faunal inventory. 

Fredj (1972, 1974) analyzes the distribution of 1244 species of Mediterranean 
benthic invertebrates. He chooses a number of phyla rather arbitrarily; for in­
stance, he refers to Lamellibranchiata, but not to Gastropoda. Fredj mentions 
only 40 Lessepsian migrants from among the Echinodermata, Polychaeta, Deca­
poda, and Lamellibranchiata. These constitute 3.21 % of his list. Fredj hirnself 
speaks of 4.5% of the species which have a Mediterranean-Indo-Pacific distribu­
tion; however, his criteria are not similar to those used by me. 

Including the other 37 Lessepsian migrants not mentioned by Fredj in the four 
taxa he deals with, it totals 77 out of 1281 species (1244+37). That brings the 
weight ofthe Lessepsian migrants to 6.01 % ofthe taxa treated by Fredj. 

Let us now use the figure of 48.8% given by Fredj for the percentage of those 
species out of the 1244 which live in the Eastern Mediterranean. The Eastern 
Mediterranean is by about a half poorer in species than the Mediterranean taken 
as a wh oie. Returning to Riedl's figure, one can, therefore, assurne that some 7500 
species live in the eastern part of the Sea, out of which the approximated number 
of 500 Lessepsian migrants make up 6.6% ofthe total. 

However, the term Eastern Mediterranean, as generally used, is too broad, 
and sometimes includes the Aegean Sea. Considering the Levant Sea alone, the 
proportion ofthe Lessepsian migrants is even higher. Ben-Tuvia (1973) calculates 
that the immigrants constitute 11.6% of the fish-fauna of the Israel coast. Out of 
the Decapoda known in the Levant Basin the Lessepsian migrants form about 
21 % (Holthuis and Gottlieb, 1958; Lewinsohn and Holthuis, 1964). The percent­
age is perhaps of the same order of magnitude in Polychaeta and probably lower 
in Mollusca. 

It seems to me justified to suggest that at present the Lessepsian migrants 
constitute about 10% of the biota of the Levant Sea. Does this percentage justify 
the separation of a special zoogeographical subdivision, a "Lessepsian province" 
or subregion within the Atlanto-Mediterranean region? The Black Sea, for in­
stance, which has a Ponto-Caspian admixture of species to a majority of Medi­
terraneans, has frequently been considered as aseparate zoogeographical prov­
ince. There are, however, no generally accepted criteria for deciding at what point 
of the similarity-dissimilarity relation two areas should be considered different, 
and at what level. Banarescu (1970) suggests that "regions" are characterized by 
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different families and subregions or provinces by vieariant genera. Ekman (1940) 
proposed bis formula for comparing two faunas: 

d _ Specificity of area A + Specificity of area B 
- Similarity of A and B . 

The different hierarchie taxa have, according to Ekman, different "species-age 
values": e.g. one species-age value for a difference on the species level, three 
species-age values for generie-Ievel difference, 18 species-age values for family­
level differences. 

This formula works on the assumption that we are dealing with two faunas 
which have evolved separately, and the amount of diversity between them reflects 
a difference in their history. However, in the case of Lessepsian migration we are 
witnessing a sudden change, i.e. there is no vicariance involved but rather an 
addition of species to the preexisting inventory. 

Nevertheless, this excursion into the field of Ekmanian quantitative zoogeog­
raphy can be of use in one point. The species of Lessepsian migrants represent 
perhaps 10% of the Levant biota; however, they contain many genera and even 
numerous families which were alien to the Atlanto-Mediterranean region. To take 
the example of fishes, the Holocentridae, Leiognathidae, Theraponidae, Platyce­
phalidae, Tetraodontidae and Monacanthidae were not previously represented in 
the Mediterranean fauna. Among the Mollusca there are also several cases of new 
families. Among the Decapoda there are no extra-mediterranean families, but 
many genera (Metapenaeus, Myra, Leucosia, Charybdis, Atergatis etc.). It seems 
beyond doubt that the area occupied in the Mediterranean by the Red Sea mi­
grants can be considered as a Lessepsian province or subregion within the Medi­
terranean. 

What the geographieallimits of this province will be and the fmal proportion 
of the Lessepsian taxa in it is a matter for the future, on whieh only a few 
conjectures can be made. Although the great majority of the Lessepsian migrants 
are at present concentrated along the Levant coast, it is reasonable to assume that 
in due course they will occupy the whole of the Levant Basin and the Sidra Sea 
(the sea situated between the Tunisian and Cyrenian coast). The westward mi­
gration along the African coast was probably delayed by the opposing current, 
the structure of the outlet at Port Said whieh is isolated westward by a 6.S-km 
long pier, and perhaps also by the Nile water influx. Deficient information may 
also in part be the reason for the apparent paucity of Lessepsian migrants on the 
African shores (Stirn, 1973). There is, however, little doubt that the expansion of 
the migrants in the Mediterranean is a time-distance function within frames set 
by temperature limits. This temperature limit has to be sought at the 16° C 
isotherm of minimum winter surface temperature. Therefore, most of the Eastern 
Mediterranean, excluding the Aegean Sea proper and the Adriatic Sea, has to be 
considered within the radius ofLessepsian migration. 

Indeed, there are differences between the power of expansion of the various 
migrant taxa. Fishes can appear seasonally far westward during the summer and 
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retreat to warmer waters in the winter. To some extent, different decapods can 
develop similar migrational patterns. Molluscs, however, are tied to their sub­
strate, and therefore show also less tendency to explore the periphery of the 
Lessepsian distribution radius. However, some molluscs, e.g. Brachidontes, Mal­
leus, Pinctada may reach protected and warm gulfs or portuary areas in the West 
by passive transport. 

One can also assurne that the depth distribution, limited along the Israel coast 
by the 70-80 m isobath, is gradually changing towards the west and the Lessep­
sian migrant species are restricted to a more and more limited bathymetric range; 
a decreasingly thick sublittoral belt is still able to provide the more or less 
uniform and warm temperatures required. 

Since the colonizing success ofthe immigrants within the local communities is 
also influenced by the temperature sensitivity of the intruder, versus that of the 
local competitor, the chances of success will decrease from East to West, with the 
lower isotherm values. The very carrying capacity of the environment is also 
decreasing westward, being presumably inversely proportional to the increasing 
species diversity ofthe local Mediterranean fauna. 

This seems to be a fairly static picture. Several authors, chiefly Tortonese 
(1951) and Kosswig (1956), have assumed a rapid physiological evolution of the 
Lessepsian migrants which leads to speciation, or hybridization with local conge­
neric species. I myself have raised this possibility in an introductory chapter of 
this book, and the eventuality of such phenomena cannot be exc1uded. However, 
nothing in the direction of an evolutionary divergence of the Lessepsian migrant 
species could until now be externally and descriptively observed. This is also 
s u pported by T ortonese (1973 b) regarding fishes and echinoderms. There are diff er­
ences in size between the specimens ofthe Red Sea population of origin and those 
ofthe "Lessepsian diaspora". According to Ben-Tuvia (1966) there is a shift in the 
reproduction period of some migrant species of fish. These differences however, 
belong very much to the infra-subspecific level. 

It is regrettable that no experimental work has as yet been done to check the 
degree of interfertility of Lessepsian migrant populations with their populations 
of origin. It is also possible that differences in tolerance of preference versus 
environmental factors can already be experimentally discerned when two conspe­
cific populations are compared. Evolution of new taxa even on the subspecific 
level, however, requires time. I have already (Por, 1975a) expressed the view that 
the frequent climatic changes during the Pleistocene resulted in the sea in fluctuat­
ing advances and retreats ("pulsations") of species which did not change their 
ecological requirements. The time-stability dimension necessary for evolution of 
a new taxon with a different ecological valency simply did not exist during the 
eventful history of the Pleistocene mediterranean seas. Therefore, I considered 
(Por, 1975a) that the Lessepsian influx of species into the Mediterranean became 
possible since it fitted present interglacial oceanographic conditions in that sea. 
Under the present conditions, the cold water spe~ies complex which flourished 
during the glacial oceanographic conditions is on the retreat, leaving a vacuum in 
the subtropical warming-up Levant Sea. 



156 The Migrant Biota 

Assuming that drastic climatic fluctuations are bound to continue, the Lessep­
sian newcomers must be seen as additional actors on the Pleistocene Medi­
terranean scene. They will expand further west if the climate warms up further, or 
retreat east and south and eventually disappear if the cold climate returns. Some 
species ofLessepsian migrant molluscs, especially Cerithium kochi, Cerithium sca­
bridum, Murex tribulus, Thais carinifera, Pinctada radiata, Brachidontes variabilis, 
M alleus regula, and Paphia textile, will remain the indicator fossils of the "Lessep­
sian" facies in the Eastern Mediterranean palaeontology of the future. 

In the present human-scale historical per iod one has to consider that the 
Lessepsian influence will remain confined to the Eastern Mediterranean with the 
above-mentioned exceptions of the Aegean and the Adriatic. However, there are 
changes bound to occur within the coming years. Much has been written concern­
ing the infl uence of the Aswan High Dam on the process of Lessepsian migration. 
Some authors have gone as far as to ass urne that the further depletion of nutrients 
in the already nutrient-poor Levant Sea (as a result of the cessation of the Nile 
influx) will in some undefined way add further advantages to the invading Lessep­
sian migrant species. As noted above, there are indications that after the influx of 
Lessepsian migrants, better use, or rather additional use is being made of some 
trophic niches of the Levant coast. However, this is occurring without changing 
the general trophic framework ofthe sea. 

A considerable contingent of Red Sea organisms are provided with endosym­
biotic algae, especially dinoflagellates, and blue-green algae. The coral reefs with 
their endosymbiontic zooxanthellae are the product of a successful adaptation to 
a nutrient-poor environment. The zooplankton of the Indian Ocean and the Red 
Sea-particularly Radiolaria, Foraminifera and even Dinoflagellata-provide 
their own intracellular nutrient-photosynthetic system through symbiotic zoox­
anthellae or cyanellae. Taylor (1973) considers that: "the blue-green partners of 
dynophisoid dinoflagellates are nitrogen ftxers as well as carbon ftxers" and that: 
"Such an attribute would be of great value in the Indian Ocean where nitrogen­
depleted conditions seem to be much more frequent than phosphorus deple­
tion ... " Reiss (personal communication) studying the globigerinid foraminiferans 
of the Gulf of Elat also dwells at length on the endosymbiotic nutrition of these 
planktonic forms. Khmeleva (1967) even thinks that in the Red Sea the roIe of the 
radiolaria-zooxanthellae system is more important in terms of primary produc­
tion than the role of the free-living phytoplankton. 

Besides reef and plankton organisms, several other inshore invertebrates, such 
as the giant c1am Tridacna, the benthic medusa Cassiopea, and perhaps also 
ascidians and sponges supplement their food by endosymbiontic zooxanthellae. lt 
is important to point out that none of the endosymbiont-harboring Red Sea 
species appears in the list of Lessepsian migrants. One can only speculate on the 
reason for this absence; it may be ftrst of all connected with the stenohalinity of 
these organisms, or with the requirement for high temperatures. It is also possible 
that the relation between host and al ga is secondarily disturbed by a physiological 
effect of salinity and temperature variations. It is interesting that Cassiopea an­
dromeda-a very hardy and euryhaline species, which long aga succeeded in 
colonizing the Canal-did not advance into the Mediterranean. It will be worth-



Faunal Movements from the Meditterranean into the Red Sea 157 

while to investigate the relation between normal animal feeding and symbiotic 
feeding in this medusa under different and extreme environmental conditions. 

Until a tropical symbiotrophic species settles in the Levant Sea, there is no 
reason for speaking of an expanded trophic frame. At the same time, unless such 
organisms-corals and tropical plankton-settle the Mediterranean, there is no 
reason to assume that parts of that sea will become a province of the Indo-Pacific 
realm. As shown above, there is no indication that such a profound qualitative 
change in the species diversity array ofthe Lessepsian migration may occur in the 
near future. 

Oren (1970) assumes the possibility of a gradual increase in the total salinity of 
the Levant Basin following the cessation of the Nile influx. There are as yet no 
data to indicate if this actually happens, or how considerable this salinity increase 
might be. lt is evident that in the event of a certain increase in the salinity of the 
Mediterranean, Lessepsian species already present will have further competitive 
advantage. However, there will probably be little enrichment of species. Perhaps 
only a few species which are presently in the Mediterranean confined to coastal 
lagoons and the Sirbonic Lagoon, for example, Acetabularia calyculus, M etape­
naeus stebbingi, Mactra olorina, and Crenidens erenidens may expand their area in 
the Levant Sea. 

lt is necessary to elose the remarks concerning the future of the Lessepsian 
migration with a few words on pollution. The Gulf of Suez is increasingly polluted 
by the nearshore and submarine oilfields such as EI Morgan, and Abu Rudeis, etc. 
Soon the refineries at Suez will work again and the SUMED (Suez-Medi­
terranean) pipeline will be built. In the navigation of the recently reopened Suez 
Canal the tankers will occupy an even more preponderant role than before. On 
the Mediterranean coast are the Ashkelon and Tripoli oil terminals, the existing 
refmeries and oil slicks coming from the Libyan oil fields. Oil pollution which 
chiefly hits the nearshore organisms, may deeply interfere with the natural evolu­
tion of the Lessepsian migration and expansion. Domestic sewage and chemical 
emuents will also undoubtedly contribute their share. Will the thermal pollution 
perhaps create optimal environments for the Lessepsian migrants? Until such a 
beneficial exception is proven, marine pollution in the Eastern Mediterranean 
should be seen as an indiscriminate menace for all marine life-Iocal or invading. 

3.9 Fauna} Movements from the Mediterranean into the Red Sea -
Anti-Lessepsian Migration 

In 1865 Leon Vaillant expected "un melange des faunes" following the 
opening of the Suez Canal. In 1902 Tillier was the first to discern the one~ 
sidedness of the migrational phenomena. In later years this became more and 
more evident. De Lattin (1967, p.46) writes: "lt is rather remarkable that for the 
time being there are scarcely any facts pleading for an opposite migrational 
direction i.e. from the Mediterranean to the Red Sea" (my translation). 

Ben-Tuvia (1966) saw this one-sidedness as a result of the contact between a 
rich and diverse fish fauna such as that of the Red Sea with an impoverished one 
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in the Mediterranean. Bänärescu and Bo~caiu (1973) see the reason in the greater 
competitive and expansion capacities of the Red Sea fauna. Recently, Briggs 
(1974 b) asserted that the one-sided faunal movement results from the fact that the 
Ind<r-West Pacific species are competitively dominant. Fox (1926), W. Steinitz 
(1929) and many other authors up to the present think that the reason has to be 
sought in the fact that the currents from Lake Timsah to the north flow north­
ward during most ofthe year. However, one cannot dismiss the fact that there is a 
considerable admixture of Mediterranean species in the Canal itself despite the 
fact that the migration through the Suez Canal is unidirectional in its results (Por, 
1971 b). The reasons I saw were on one hand the preadaptation of the Red Sea 
biota to the conditions of the Suez Canal and of the Levant Basin and on the 
other hand the competitive "vacuum" in the Eastern Mediterranean. 

No such favorable preconditions exist for the Atlantic-Mediterranean fauna, 
which is already impoverished and near its pessimal conditions in the Levant 
Basin. To migrate even farther along an increasing salinity and temperature 
gradient is hardly possible. Moreover, the Red Sea fauna is not impoverished, but 
a fauna in which many endemie species have evolved in answer to the local 
conditions. In a later paper (Por, 1975a) I have attempted to place the process of 
Lessepsian migration into the more general framework of the Pleistocene faunal 
movements within and into the Mediterranean: the Red Sea migrants thus corre­
spond to a subtropical invasion in response to interglacial subtropical conditions 
in the Eastern Mediterranean. 

Since 1969 when I first used it, the term "Lessepsian Migration" has become 
synonymous with migration from the Red Sea into the Mediterranean. At that 
time the most up-to-date listing of the species which migrated the opposite way, 
i.e. from the Mediterranean to the Red Sea, comprised 16 species (H. Steinitz, 
1968), at least half of which were cases of dubious merit. Even for the fish the 
above-mentioned listing contained only old records (Tillier, 1902), or uncon­
trolled data (Gohar, 1954) regarding their presence outside the Canal outlet at 
Suez. 

Recently, however, several publications have appeared, which put the exclu­
sive unidirectional nature of the Suez Canal migration in a somewhat changed 
perspective. Ben-Tuvia (1971 b, 1975b) mentioned the capture of two Atlanto­
Mediterranean fish in the Gulf of Suez; Fishelson and Rullier (1969) listed Medi­
terranean Polychaeta which allegedly migrated into the Red Sea; and Ben-Eliahu 
(1972d) commented favorably on this, giving a few further cases from among the 
Polychaeta. Schmidt (1971, 1972) while analyzing the Hydrozoa of the Gulf of 
Elat assumed the possibility of transport from the Mediterranean. Glynn (1972) 
assumed the same for two species of Isopoda. 

A total of 53 species listed below (Table 10) have been at different times and by 
different authors considered to be Mediterranean immigrants to the Red Sea. 
Some outright erroneous data such as by Russo (1935), on a whole list of would­
be Mediterranean echinoderms, have been deleted from the list. However, as seen 
below and in the remarks added to the list, most of the cases are of dubious value. 
The only convincing cases are found among lhe 13 species of fish, most of which 
are known only from the Port of Suez or the lagoons of Suez, but their presence in 
the open Gulf is doubtful. The bulk is formed of 32 species of Polychaeta and 11 
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species of Hydroida. There is no decapod crustacean in the list and the three 
molluscs Chama gryphoides, Cerastoderma glaucum, and Nassa gibbosula are 
known only from the outlet ofthe Canal at Port Taufiq and Suez. 

I would like to separate the list into different categories according to criteria of 
decreasing reliability. 

1. Two species of estuarine, euryhaline fish, Dicentrarchus punctatus and Liza 
aurata, have been found in relative abundance in the EI Bilaiyim lagoon 
some 200 km south of Suez (Ben-Tuvia, 1971 b, 1975b). So far, these are 
the only two cases which can be equated as counterparts of the Lessep­
sian migrants. The advance of these Mediterranean species through the Canal can 
be followed, and they buHt up populations at a considerable distance from the 
Canal. Several more fish species are caught around Suez: Sciaena aquilla, Um­
brina cirrosa, Engraulis enchrassicolis, and Hippocampus brevirostris. Gohar (1954) 
speaks of S. aquilla being caught in the Northern Gulf of Suez. The above men­
tioned molluscs belong to the same category of Mediterranean species which 
progressed as far south as Port Taufiq, but no further into the Red Sea. Cerasto­
derma glaucum, the bivalve formerly called Cardium edule, has also reached the 
lagoons of Suez, possibly in pre-Lessepsian times. The isopod Sphaeroma serra­
turn too is known to have reached Port Taufiq, but this is a euryhaline species 
which could possibly have accompanied the other pre-Lessepsians. 

An interesting case in itself is that of the fish Serranus cabrilla, which is 
frequently caught in the Northern Red Sea. It is the only representative of this 
Atlantic genus in the Red Sea and therefore it served as the first discussed example 
of Mediterranean immigration. S. cabrilla was, however, found in the Southern 
Red Sea by Kossman and Rauber in 1874-1875, and in the same period at Kosseir 
in the Sudanese Red Sea by Klunzinger (1884). These dates are too early even for 
a very successful migrant; therefore, the presence of Serranus cabrilla in the Red 
Sea ought to be considered as prior to the opening of the Canal. 

2. There are several species prone to be south-bound migrants through the 
Suez Canal. They are known from the Suez Canal, but spread very rapidly and are 
known from sites fairly remote from the Canal. Such is the isopod Cymodoce 
truncata found all along the Sinai Coasts to the head of the Gulf of Elat (Glynn, 
1972). Glynn considers that Cymodoce richardsoni reported by Nobili (1906) from 
the waters of Eritrea in the Southern Red Sea is synonymous with C. truncata. In 
this case the species was present in the Southern Red Sea as early as 1891-1896 
when the two Italian expeditions on the "Scilla" took pI ace. Therefore Glynn 
(1972) mentions C. truncata as a case of "rapid and successul colonization of the 
Red Sea" (p.297). It was indeed rapid, if the species was not preexistent to the 
opening of the Suez Canal. If this was not so, than the possibility of passive 
transport should be held responsible. 

Of the many Polychaeta listed as Mediterranean immigrants, only two are 
known from the Suez Canal: Scalisetosus fragilis which has been found as far 
south as Ghardaqa (Hartmann-Schröder, 1960) and Lumbrineris coccinea re­
ported by Fishelson and Rullier (1969) from Musseri in the Southern Red Sea. 

There are five species of Polychaeta found by Fauvel (1933) in the Gulf of 
Suez, but not in the Canal. These are also candidates for an eventual rapid 
passage through the Canal as adventives on ships or on other fouling organisms. 
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Fauvel assumes that one of them, Spinther miniaceus which has been found in 
association with a sponge, has been transported, together with its host, by ship. 

Two hydroids may also belong to this category: Eudendrium racemosum mu­
cronatum, which according to Billard (1926), reached Port Taufiq (the typical 
variety of the species is also known from Japan). Corydendrium parasiticum found 
by Billard (1926) at Port Taufiq and in the open Gulf of Suez (Billard, 1933) came 
in his words "certainement par la Mediterranee"; however, Thornley reported it 
in 1907 from Aden. 

All the above-mentioned cases could, therefore, be considered at best as 
examples of a rapid and passive transport through the canal. 

3. There are several species which have their main and known distribution in 
the Atlantic region; when they are reported for the first time from the Red Sea the 
presumption is usually expressed that they came through the Suez Canal. In 
almost every instance we are dealing with taxa and species in which zoogeograph­
ical information is still incomplete. 

The case of Aiptasia diaphana, a Mediterranean actinian, is symptomatic: H. 
Schmidt (1972) confines himselfto the comment: "A. diaphana was till now con­
sidered an endemie Mediterranean species. In the meantime I found it also in the 
Gulf of Aqaba. According to Carlgren (1949) this species is present also in the 
Suez Canal". H. Schmidt did not make further comments in this case. Other 
authors confronted with a similar situation went into suppositions. In the case of 
Clymene lumbricoides and Terebella lapidaria, two polychaetes found at Musseri 
in the Southern Red Sea, Fishelson and Rullier (1969) wrote: "Comme elle semble 
inconnue dans l'ocean Indien, c'est de la Mediterranee qu'elle a da passer en mer 
Rouge par le canal de Suez" (my italies). 

H.-E. Schmidt (1972), speaking of the three hydroids Podocoryne meteoris 
("widespread in the Red Sea"), Köllikerinafasciculata (known also from the Ar­
abian Sea) and Helgicirrha schulze i (known only from the Dahlak Archipelago), 
state that they have been "undoubtedly transported through the Suez Canal into 
the Red Sea" (my italies). 

Transport through the Canal in these cases is certainly a possibility which 
should be taken into account, but further investigations are necessary in order to 
prove that these species did not reach the Red Sea from the south. 

Eventually, they may belong to the same category as the wood-boring amphi­
pod Chelura terebrans which was found by Schellenberg (1928) at Suez, and by 
Omer-Cooper (1927) at Port Said. This is probably a cosmopolitan species, since 
it extends from the North Atlantic to New Zealand; it could have been brought 
on ship hulls also through the Suez Canal. 

4. Many of the list of assumed Mediterranean species are known elsewhere in 
the Indo-Pacific realm, or from Western tropical Africa. Their newly reported 
occurrence in the Red Sea is probably due to previous lack of knowledge, since 
these species could have reached the Red Sea from the southeast or from the 
tropical Atlantic along the African coasts. They are probably circumtropical 
species for which the Suez Canal played at most a complementary role in their 
distribution. As an ex am pIe, among the polychaetes which possibly migrated 
from the Mediterranean, Fishelson and Rullier (1969) list Hermodice carunculata 
known from the Mediterranean and Southern Red Sea, and also from the Indian 
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Ocean, Senegal and the Caribbean Sea; or Eunice torquata reported from Leba­
non, Israel, Sinai, Elat, and also from South Africa, Angola and Cameroun. The 
above authors, speaking of Pista cristata-also known from the Indian Ocean 
and the Southem Atlantic and now reported from Musseri-state that: "c'est 
maintenant Pista cristata qui y fait son entree offieielle (en mer Rouge), venant 
probablement de la Mediterranee". 

The case of Aspidosiphon mülleri, an Atlantic-Mediterranean and Pacific spe­
eies of sipunculid, is interesting. The speeies was found in the Gulf of Aden (Bay of 
Tadjourah) by Herubel (1904). Fischer (1914) found in Herubel's specimens the 
same arrangement of bidentate and unidentate hooks as in the Mediterranean 
specimens. He thus wrote: "It can therefore be conc1uded with certitude that tbis 
species migrated from the Mediterranean into the Red Sea". I had the opportu­
nity to check Fischer's type of spinulation on some specimens of A. mülleri from 
the Mediterranean coast of Israel identified by Wesenberg-Lund (1957 a) and they 
did not conform to the above statement (Por, 1973b, 1975c). 

Several hydroids listed by H.-E. Schmidt (1971), such as Thbularia larynx, 
Tubularia mesembryanthemum, and Ventromma halecioides are known from the 
Pacific as tropicopolitans. Schmidt himself stated, regarding these cases, that "the 
conc1usions ... ab out this migratory route (i.e. through the Suez Canal) may cause 
some discussion". It does indeed. 

5. Finally, there are several speeies in which the previous identification has 
been questioned. There are also a few cases insufficiently documented. For the 
sake of completeness these cases are also listed. 

I dwelt on purpose in such length on the cases which can somewhat crudely be 
called "Anti-Lessepsian" migrants. The argument is very important for the whole 
purpose of the present book. 

One cannot expect a hermetically unidirectional phenomenon in natural pro­
cesses involving a wealth of diverse taxa. The most which can be said is that the 
Lessepsian migration has an "almost exc1usively one-way character" (Por et al., 
1972). The "Anti-Lessepsian" counterpart is a different process, which cannot be 
compared to that ofLessepsian migration. 

Insofar as Lessepsian migration involves gradual advance and spreading and 
finally a successful accommodation of the migrants in an alien zoogeographical 
region, there are differences with the species which went the opposite way: 

1. There is a gradual advance of Mediterranean speeies southwards through 
the Canal, although to a relatively limited extent. A few Mediterranean speeies 
reached the surroundings of Suez, but did not colonize the open Gulf of Suez. The 
few exceptions, two or more, are euryhaline Mediterranean fish speeies which 
have established themselves in or around the lagoons of the Gulf of Suez. 

2. All the other cases of Anti-Lessepsian migration are known from animal 
groups in which passive transport on throughgoing ships is the rule. If the distri­
butional facts in the field, in most cases incomplete, will further support the 
assumption of transport through the Canal, there is still nothing peculiar about it. 
Passive transport on ships is a worldwide _phenomenon whereby speeies have 
crossed the Oceans in every possible sense. 

In short, the Anti-Lessepsian migration, in the few cases in which it has 
occurred, cannot be compared to Lessepsian migration proper. It is merely a 
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spread of some adventive species along a busy shipping lane, perhaps the busiest 
in the world before 1967, which carried 20% ofthe world tonnage yearly. One can 
oniy wonder how it happened that transport of Mediterranean species into the 
Red Sea was relatively so restricted. 

3.10 The Model of Lessepsian Migration 
, " 

and Other Inter-Oceanic Contacts 

In the present, when man's impact on nature is one of the important topics 
and increasingly investigated subjects, Lessepsian migration has become a text­
book case for whoever and for whatever needs to exemplify man's impact on the 
"pristine" nature. This is not correct. Lessepsian migration is a human artifact 
only to the extent to which the French diplomat-engineer opened a passageway to 
marine fauna. The dispersal of the Lessepsian migrants is, however, an entirely 
natural process, a zoogeographical happening, which encompasses a whole fauna 
and flora and a whole biotic province in the sea. It has nothing in common with 
the invasion and explosive success of an isolated invading species which reached a 
new environment fortuitously or as more often, by the aid of man. Lessepsian 
migration is perhaps the last large-scale zoogeographical event in the very last 
decades in which the Red Sea and the Mediterranean still preserved a pristine 
stage. On a par with other contemporary biological phenomena and biotic envi­
ronments, Lessepsian migration is equally endangered by pollution and by inter­
ference of man with the environment. 

The phenomena to which Lessepsian migration can be compared are other 
shipping canals, on one hand, and faunal movements in postglacial medi­
terranean seas (Por, 1972, 1975a) on the other hand. A selection ofthese compara­
ble phenomena leads to the following chronologicallist: 

1. The opening of the Black Sea to the Mediterranean, through the Bosphorus 
± 10,000 BP (Before Present). 

2. The contact established between the Baltic Sea and the North Sea about 
7000BP. 

3. The artificial and intermittent, historical "Pre-Lessepsian" shipping canal 
between the Red Sea and the Mediterranean, through the intermedium of the Nile 
3200 BP-1300 BP. 

4. The Welland Canal between the Atlantic and the Great Lakes, bypassing 
Niagara falls-1829. 

5. The Lessepsian Suez Canal-1869. 
6. The Corinth Canal between the Gulf of Corinth (Ionian Seal and the Gulf 

of Aigina (Aegean Sea)-1893. 
7. The Nord-Ostsee Canal (Kaiser-Wilhelm-Canal) between the EIbe estuary 

on the North Sea and the Bay ofKiel in the Baltic Sea-1895. 
8. The Panama Canal, or Centramerican Canal, between the Gulf of Panama 

(Pacific ücean), and the Caribbean Sea (Atlantic Ocean)-1914. 
9. The Volga-Don Canal, connecting the Caspian and the Black Sea through 

these two rivers-1953. 
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Let us now discuss the eight cases mentioned above, in the order of their 
increasing similarity with Case No. 5-the Lessepsian Suez Canal. 

The Corinth Canal connects two areas of sea inhabited to the extent of our 
knowledge by a similar marine fauna. However, there must have been differences 
in the biota of the eastern and western side of the Isthmus of Corinth; these have 
never been surveyed. An equalization and a mixing most probably occurred 
through the few kilometers-Iong Canal. Nothing is known about this either. 

The WeIland Canal which was opened in 1829, was a final addition to a Canal 
system started in 1819, connecting the upper reaches of the Hudson River, a 
tributary of the Atlantie, with the Great Lakes, bypassing the obstacle of the 
Niagara falls. Aron and Smith (1971) have summed up the changes in the fish 
fauna of the Great Lakes, following the opening of the WeIland Canal. The 
changes were catastrophic, since two euryhaline estuarine species, the alewife 
Alosa pseudoharengus and the sea-Iamprey Petromyzon marinus invaded the 
Lakes. Through food competition ( Alosa) and direct predation (Petromyzon) the 
invaders nearly exterminated several important commercial fishes of the Great 
Lakes, such as the Atlantie salmon (Salmo salar), the lake trout (Salvelinus 
namaycush), the lake herring (Leucichthys artedi), etc. Another species whieh 
entered the lakes from the sea, the white perch (M orone americana) did not 
become a pest. 

The WeIland Canal case is a typieal case of invasion into a confined environ­
ment (the Great Lakes) oftwo successful invaders. It may be better compared to 
the deep disturbances produced by accidental or anthropochorie invaders on 
oceanic islands like Hawaii or St. Helena. That this is the case is especially evident 
in the competition between Alosa and the autochthonous grazer fishes: according 
to Aron and Smith (1971) "it became clear that the alewife used only a fraction of 
the niehes occupied by the species that it displaced, thus reducing total fish 
productivity". Such a situation-extermination and resulting under-exploitation 
of the trophic basis-cannot occur in an open sea. A closed end of a sea may be 
ecologically undersaturated with species but this happens not because of a com­
petitive hazard, but because of extreme worsening in the environmental abiotie 
factors. If this occurs then the impoverishment (or conversely, the penetration of 
new elements) manifests itself at all the levels ofthe food web and the whole range 
of the taxonomie diversity. In the Great Lakes, the invasion seems to have been 
restrieted and impressive only on the level of the fish fauna, and not the whole 
aquatie flora and fauna. 

The Nord-Ostsee Canal did not shorten the way for a faunal interchange 
between the two seas. The western (North Sea) entrance to the Canal carries the 
freshwaters ofthe EIbe and the salinity within the Canal increases eastwards until 
it reaches 15-20%0 in the Bay of Kiel. In fact, this is a paradoxieal situation: the 
North Sea has anormal oceanie salinity of around 35%0, while the natural transi­
tion to the Baltic through the Danish Sounds leads through a range of decreasing 
salinities. As far as reported, no Baltie brackish species has used the opportunity 
to migrate through the Canal westward-a phenomenon which is logieally quite 
possible. The advance of the North Sea-Atlantie fauna into the Baltie indeed 
occurs through the natural contact ofthe Sounds (see below) and not through the 
freshwater baITier ofthe Nord-Ostsee Canal. 
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The present Panama Canal, which was also started by Ferdinand de Lesseps, 
leads through a system of locks, but more important, through two big artificial 
freshwater lakes-Lake Gatun and Lake Miraflores. According to Abele (1972) 
Lake Gatun is the most important of the two freshwater barriers along the Canal. 
The fauna ofthe Panama Canal (opened in 1913) was first investigated by Hilde­
brand (1939) and in recent years by Rubinoff (1968, 1970), Rubinoff and Rubinoff 
(1968), and by Abele (1972). Fauna on both sides was analyzed by Powell (1971) 
and Alvarmo (1974). Discussion of possible passive transport through the Canal 
can be found in Menzies (1968) and Chesher (1968). 

It seems that practically no species was able to cross the Isthmus of Panama 
through the present Canal. There are old reports that the turtle grass 1halassia 
and the tarpon M egalops atlanticus have crossed from the Atlantic into the Pa­
cific. McCosker and Dawson (1975) add to this the pipe fish Oosthetus lineatus. 
However, Voss (1972) states that the appearance of these species on the Pacific 
side is sporadic and that they did not establish stable populations there. Rubinoff 
and Rubinoff (1968) reported the presence of a very euryhaline Atlantic goby, 
Lophogobius cyprinoides, in the Miraflores Third Lock, a brackish excavation 
made in 1943 near the Pacific entrance. McCosker arid Dawson (1975) add two 
more Atlantic species of fish which have established themselves in the Miraflores 
lock: Lupinoblennius dispar and Hypleurochilus aequipinnis. Abele (1972) has thor­
oughly analyzed the decapod fauna of the Panama Canal and assumed that three 
extremely euryhaline species actually crossed the Isthmus: the prawn Palaemon 
pandaliformis, and two mangrove crabs, Sesarma rhizophorae and S. sulcatum. The 
prawn went only as far as the Pacific entrance and the two crabs reached only the 
Caribbean mouth of the Canal. Alvarifio (1974) admits the possibility of inter­
change between the siphonophorans in the plankton of both sides, and Powell 
(1971) of that of the bryozoans. Menzies (1968) made an interesting trial and 
towed a set of intertidal organisms through the Panama Canal from one of the 
ships: most ofthem survived. Chesher (1968) drew attention to the possibility of 
transport in ballast water of ships. Evidence indicates a clear predominance of the 
movement from the Atlantic to the Pacific. However, Rubinoff and Rubinoff 
(1968) reported the presence of the Pacific goby Gobiosoma nudum and McCosker 
and Dawson (1975) of the Pacific blenny Omobranchus punctatus on the Atlantic 
side of the Canal. In conclusion: (1) very few extremely euryhaline species or a 
good swimmer like the tarpon have succeeded in crossing the Isthmus of Panama; 
(2) these species did not spread into the new sea but remained confined to the 
canal outlets; (3) passive transport such as fouling or in ship ballast might have 
eventually occurred. These species are, however, nonspecific adventives, as for 
example, the crabs Callinectes sapidus and Rithropanopeus harrisi (Abeie, 1972), 
which have also reached the Eastern Mediterranean and the Black Sea, respec­
tively, in ballast water; and (4) there is no evidence that the zoogeographical 
phenomena caused by the only 60-year-old Canal are building up towards a 
qualitative change. 

The present-day Panama Canal is an excellent parallel to what was the classi­
cal Egyptian-Roman Canal across the Isthmus of Suez. There is, of course, quite a 
different order of magnitude if we compare the sizes of the two Canals, the 
number of ships which passed through it, the speed of their passage, and thus, the 
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opportunities for passive transport. However, the Panama Canal has existed 
hardly more than half a century while the classical Suez waterway has existed for 
centuries. Comparing it with the Panama freshwater canal it appears reasonable 
to assume that among the species which are suspected to be "Pre-Lessepsian" 
migrants there may be some extremely euryhaline species, still confined to the 
Isthmus and its immediate surroundings, as weIl as several passively transported 
species, as in the case of the Panama Canal. 

There is a last group of phenomena to which it is interesting to compare 
Lessepsian migration: these are the faunal movements into the Baltic Sea, the 
Black Sea and the Caspian Sea, movements which started several thousand years 
ago and are still going on. In the case of the first two seas these are natural 
contacts with the adjacent sea; however, these natural contacts are by means of 
narrow and shallow straits perfectly comparable to the Suez Canal. In the case of 
the Caspian Sea, the new contact with the Black Sea is through an artificial 
freshwater passageway. However, here again the Volga-Don Canal is somewhat 
of an artificial replica of the Pleistocene Manych straits (Zenkevitch, 1963) which 
also had very close to freshwater salinity values. Some of the faunal movements 
into these three seas have been reviewed in a previous paper (Por, 1975a). Suffice 
it to say here that in all these cases we are witnessing the advance of a warm and 
salt-water faunal element, against a cold-water low salinity element: briefly, an 
advance of an interglacial fauna. In the case of the landlocked Caspian Sea, the 
Volga-Don Canal supplied an artificial waterway for a faunal progress for which 
the potential prerequisites were there. 

The same happened in the case of the Suez Canal: it enabled the entrance of a 
subtropical interglacial faunal element into the Levant Basin which was isolated 
from any other supply of warmwater fauna. The Lessepsian migration has 
reached its impressive and unique dimensions only since it is a replica of natural 
phenomena, an artifact which was unknowingly made in the right place and at the 
right time. 

Much has been written and discussed recently on the ecological impact of a 
projected sea-Ievel Panama Canal-enabling free intermixing of the Atlantic and 
Pacific waters. The scientific community was justly alarmed by the possible un­
controlled changes which would occur at both ends because of the penetration of 
new species. What was especially alarming was the fact that, on one hand, the 
fisheries (fish and shrimp) on both sides of the Isthmus could have been deleteri­
ously influenced and that current knowledge on the marine biota of both coasts 
was extremely poor. Previsions ranged, therefore, from catastrophic (Briggs, 1969) 
to less worried, but by and large, scientists admitted the possibility of harmful 
effects. These focused almost exclusively on the possible penetration into the 
Caribbean of the poisonous sea-snake (Pelamys platurus) and the coral devour­
ing crown-of-thorns sea star (Acanthaster plan ci) (Rubinoff, 1968; 1970; Topp, 
1969, etc.). In 1969, the American National Academy of Sciences appointed a 
Committee of Ecological Research for the Interoceanic Canal (CERIC). The re­
commendations ofthis Committee were summarized by Newman (1972). The need 
for detailed surveying and investigation of die biota on both sides of the Isthmus 
has been urged, in order to minimize the potential threats. CERIC considered 
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that "the free mixing of tropical American biotas would enact irreversible 
changes, not only locally, but, eventually throughout the Indo-Pacific and the 
tropical Atlantic ... some of these interactions are likely to be quite undesirable 
and the potential threat as regards a sea-Ievel canal cannot be ignored" (New­
man, 1972). Recognizing the priority of economic and other needs in building a 
big sea-Ievel canal, CERIC asked that "it should be designed in such a way as to 
minimalize ecological effects". The recommendation asked for establishment of 
an "antibiotic barrier" through a combination of low salinity and high tempera­
ture, on the trajectory of the canal. The Canal Commission appointed by the 
President of the United States did not take into consideration the fears and 
recommendations of CERIC among others on the fundamentally wrong affirma­
tion that "significant and rather extensive movement of marine life" had already 
taken place through the present Canal! The Canal Commission went on and 
decided that "the risk of adverse ecological consequences ... appears to be accept­
able" and that no antibiotic barrier should be planned for, since "the need for 
anything in addition to tidal gates has not been established". 

Meanwhile, the construction of the Panama sea-Ievel canal has been shelved 
for economic and also political reasons. However, sooner or later, the project will 
come up again, and with it the basic discussion will be reopened. 

The whole problem of the effects of a Central American sea-Ievel canal is a 
matter of prevision, and the truth should be somewhere midway between the 
pessimists and the "fearless" engineers. It is evident that a faunal interchange will 
occur and it is inconceivable that anything should be left to chance if prophylaxis 
is so simple. 

What can be learned from the Lessepsian migration concerning any future 
sea-Ievel canal? 

1. The faunal movements will not follow invasional patterns with isolated 
species playing the main role. The rule is the advance or readjustment of whole 
biota or faunas. 

2. The selection of the migratory biota will be the result of several factors: 
(a) the hydrographic-edaphic conditions of the canal; (b) the hydrological and 
edaphic conditions in the vicinity and around the canal outlets; (c) the Pleisto­
cene-historical phase through which the newly connected seas go, i.e. the relation 
between advancing and retreating biota in the two seas under the present cli­
matic-oceanographical circumstances. 

3. Despite the above statement, several taxa will be apriori excluded from 
migration because of the environment typical to any type of canal. There will be 
no migration of deep sea forms, of very stenohaline species (since the canal will be 
either less or more saline than the sea, according to its climatological setting), of 
holoplanktonic species, of species necessitating clean and wave-swept rocky bot­
toms. 

4. There will be no extermination of the local concurrent species. These will 
retreat either to the deep or more central parts of their areal, where indirect 
competition through the abiotic environmental factor will hinder further advance 
of the newcomers. With respect to commercial fisheries this readjustment may 
'change yields and replace well-priced species with low-commercial-value species. 
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5. Passive transport on ships or in ballast tanks has no relevance to the 
problem of migration through canals. This is a process enhanced by human 
navigation, with or without canals. 

6. As every natural environmental phenomenon, canal migration is exposed 
to severe restriction through danger of pollution. The prevalence of a limited 
diversity of cosmopolitan pollution-resistant species in the world ocean will defi­
nitely be hastened by the existence of interoceanic canals. 

7. Therefore, there is an added urgency for investigating interoceanic faunal 
movements. Many opportunities, such as Lessepsian migration, have already 
been lost, because of the lack of organized and cooperative research during the 
different stages of a historical process. However, much like the danger facing 
irreplaceable climax communities in the sea, the unique opportunities for study­
ing contemporary models of big scale faunal replacements and readjustments 
should be protected as much as possible from deleterious human interference. 
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Plates 197 

Plate 2. Lessepsian migrant Mollusca, Gastropoda. (I) Rissoina bertholetti ; (2) Cerithium 
scabridum; (3) Cerithium kochi; (4) Thais carinifera ; (5) Murex tribulus. (1-4 from Barash 

and Danin, 1972; 5 original) 

~ Plate 1. Lessepsian migrant Mollusca, Lamellibranchia (Pelecypoda) (I) Pinctada radiata ; 
(2) MaIleus regula ; (3) Brachidontes variabilis ; (4) Paphia textile; (5) Clementia papyracea; 

(6) M aetra olorina (1 original; 2-6 from Barash and Danin, 1972) 
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Plate 3. Lessepsian migrant Crustacea. (1) Squilla massawensis (Stomatopoda) (from Por, 
1971 b); (2) Trachypenaeus curvirostris (Decapoda, Macrura) (from W. Steinitz, 1927); (3) 
Portunus pelagicus (Decapoda, Brachyura) (original); (4) Myrafugax (Decapoda, Brachyura) 

(from Por, 1971 b); (5) Leucosia signata (Decapoda, Brachyura) (from Por, 1971 b) 
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Plates 4-10. Lessepsian migrant fishes (from Ben-Tuvia, 1976) 

Plate 4. (1) Carcharhinus brevipinna; (2) H imantura uarnak; (3) Etrumeus teres; 
( 4) Dussumieria acuta 
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Plate 5. (1) Herclotsichthys punctatus; (2) Saurida undosquamis ; (3) Parexocoetus mento ; 
(4) 7)ilosurus choram ; (5) Hemiramphus Jar; (6) Aphanius dispar ; (7) Pral1esus pinguis 
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Plate6. (1) Holocentrus ruber; (2) Platycephalus indicus; (3) Epinephelus tauvina; (4) Pe­
lates quadrilineatus; (5) Therapon puta 
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Plate 7. (1) Apogonichthyoides nigripinnis .. (2) Atule djeddaba .. (3) Leiognathus klunzingeri .. 
(4) Rhonciscus stridens; (5) Crenidens erenidens 
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Plate8. (1) Upeneus asymmetricus; (2) Upeneus moluccensis; (3) Liza carinata; (4) Sphy­
raena chrysotaenia ; (5) Callionymus jilamentosus 
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Plate 9. (1) Siganus luridus; (2) Siganus rivulatus; ( 3 ) Rastrelliger kanagurta 
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Plate 10. (1) Scomberomorus commerson; (2) Dollfusichthys sinusarabici; (3) Stephanolepis 
diaspros ; (4) Sphaeroides spadiceus 



Taxonomie Index* 

Abudefduf saxatilis 89, 115, 133 
Acabaria erythraea 78 
Acanthaster planci 168 
Acanthocephala 63,141 
Acanthophora Delilei 31 (see also A. naja-

diformis) 
- najadiformis 91 
Acarina 77, 90, 138, 160 
Acartia centrura 94, 138 
- clausi 36 
- latisetosa 36 
Acetabularia sp. 86 
- acetabulum, see A. calyculus 
- calyculus 69,91, 157 
- mediterranea 159 
- mediterraneum, see A. calyculus 
- moebii 91 
- Wettsteini, see A. moebii 
Acrochaetium sargassicola 108 
- subseriatum 108 
Actinia sea anemones 79, 138, 163 
Aglaiella 38 
Aglaiocypris 33 
Aiptasia diaphana 163 
Algae (see also Plants) 31,48,66,69,72,74, 

76,80,87,90--92,108,127,129,131,133, 
134, 136, 137, 152, 156, 159 

Alosa pseudoharengus 166 
Alpheidae 77 
Alpheus audouini 95 
- crassimanus 95 
- inopinatus 111 
- rapacida 112 
Alvania orbignyi 113 
Amphacanthus, see Siganus 
Amphineura 99 
Amphioplus laevis 103 
Amphipholis squamata 77 
Amphipoda 76,80,82,89, 111,138,163 
Anachis savignyi 113 
Anatina anatina, see Laternula subrostrata 
- subrostrata, see Laternula subrostrata 
anchovy, see Engraulis 
Ancillaria cinnamomea 86 
Ancyrocephalus salinus 140 

* Compiled by Miss 1. Ferber. 

Animalia 92-107 
Annelida (see also Polychaeta) 93, 109, 110, 

135,159 
Anoplodactylus digitatus, see A. saxatilis 
- saxatilis 94 
A'üedon mediterranea 146 
Anthozoa 78 
Antipatharia 31 
Apanthura sandalensis 111 
Aphanius dispar 9, 31, 32, 34, 38, 72, 115, 

140,200 
Apogon, see Apogonichthyoides nigripinnis 
Apogonichthyoides bifasciatus, see A. nigri-

pinnis 
- nigripinnis 103,202 
- taeniatus, see A. nigripinnis 
- thurstoni, see A. nigripinnis 
Appendicularia 77,138 
Apseudes intermedius 111, 152 
Arca natalensis 99 
- rufescens, see A. natalensis 
Archidoris O'Donoghuei 79 
Architectonidae 79 
Arctica islandica 16-18 (see also Cyprina 

islandica) 
Arcuatula arcuatula, see Modiolus arcua-

tulus 
- senhousia, see Modiolus arcuatulus 
Argyrosoma regius 161 
arrow worms, see Chaetognatha 
Artemia salina 36 
Ascidia cannelata 103 
Ascidiacea 31, 70, 80, 82,90, 103, 114, 115, 

121, 133--135, 137, 152, 156, 161 
Aspidosiphon elegans 88,116 
- mülleri 160, 164 
Asterina burtoni, see A. wega 
- gibbosa 147, 149 
- wega 86, 103, 147-149 
Asteroidea 147 
Astropecten bonnieri 116 
- inutilis 116 
- (irregularis?) 86 
- nobilis 116 
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Astropeeten polyaeanthus 79, 116 
Asyehis gotoi 109 
Ataetodea striata 99 
Atergatis 154 
-- roseus 96, 147, 152 
Athanas amazone 19 
Atherina forskalii 81 (see also Pranesus 

pinguis) 
-- moehon 38 
-- pinguis 81 (see also Pranesus pinguis) 
Atule djeddaba 103, 142,152,202 
Augeneriella lagunari 33, 36, 38 
Automate branehialis 112 

Balanus 72, 77 
-- amphitrite 33, 38, 72, 74, 75, 80 
barnacles, see Cirripedia 
barraeudas 143 (see also Sphyraena) 
Benedenia sp. 141 
Berthellina 79 
Bivalvia (= Lamellibranehia, = Peleeypoda) 

33, 67, 69, 72, 79, 81, 99, 100, 112, 113, 
129, 134, 137, 146, 153, 162, 196 

blenny 167 
blue-green algae 70, 156 
Bopyridae 88 
Borelis melo eurdiea 11, 13 
Bosmina eoregoni maritima 33, 77 
Braehidontes (Hormomya) variabilis 34, 

38,70,72,74,80,84,86,99,133,136,147, 
149, 152, 155, 156, 196 

Braehyura (Deeapoda) 38, 48, 73, 77, 81, 
132, 136, 145--147, 197 

Branehiostoma laneeolatum 63, 64, 70, 74, 
79 

Branehiosyllis uneinigera 93 
brittle stars, see Ophiuroidea 
Bryozoa (Polyzoa) 76,89,90, 102, 114, 130, 

134, 135, 137, 152, 167 
Bursatelly leaehi savigniana 74,79,100,152 
Bursidae 79 
Buskia setigera 102 

Calanoida 77,138 
Calanopia elliptiea 94, 138 
-- media 94, 138 
Callineetes sapidus 145, 167 
Callionymus filamentosus 104, 152,203 
-- haifae, see C. filamentosus 
-- indieus, see Platyeephalus indieus 
Callista florida 79 
Calliuriehthys filamentosus, see Calliony-

mus filamentosus 
Callyspongia viridis 109 
Campylostylus striatus 36 
Canthoealanus pauper 116 
Canuella fureigera 148, 149 
-- longipes, see Seottolana longipes 
-- perplexa 33,148 

Canuellidae 79,84, 148 
Canuellina insignis 33, 94 
Caranx ealla, see Atule djeddaba 
-- djeddaba, see Atule djeddaba 
Careharhinus brevipinna 88, 116, 199 
Cardium edule, see Cerastoderma glaueum 
-- papyraeeum, see Papyridea papyraeea 
-- tenuieostatum, see Papyridea papyraeea 
Cassiopea andromeda 72, 84, 86, 140, 156 
Cassis laevigata 13 
Caulerpa 87 
-- mexicana 108 
-- prolifera 123 
-- raeemosa 69, 84, 108, 133 
-- scalpelliformis 108, 123, 124, 129, 146, 

152 
Cellana rota 75,80, 101 
Celleporaria aperta 114 
Cephalopoda 79, 81, 122, 136, 139 
Cerastoderma glaueum (= Cardium edule) 

33, 34, 38, 67, 72, 88, 160, 162 
Ceratium 36 
-- aegyptiaeum 77, 138 
-- eupulchellum 77 
-- furea 77 
Ceratophyllum 66 
Cerithidae 72 
Cerithium erythraeonense 25, 113 
-- reeurvum, see C. koehi 

rupestre 147, 149 
-- (Therieium) seabridum 38, 72, 79, 84, 86, 

101, 147, 149, 150, 156, 197 
-- (Vertagus) koehi 101,146,149, 152, 156, 

197 
-- vulgatum 25 
Chaetoeeros eoaretatus 91, 131, 138 
Chaetodontidae 78 
Chaetognatha 77, 136, 138 
Chama broderipi 84,99, 129 
-- ef. eornueopiae 112 
-- gryphoides 161, 162 
Charybdis sp. 38, 154 
-- (Goniosoma) merguiensis, see Charyb-

dis helleri 
-- helleri 96, 130, 145 
-- longieollis 96, 133, 145, 146,152 
Chelophyes appendieulata 87 
Chelura terebrans 89, 160, 163 
Chironimida 36, 38 
Chiton platei 99 
Chlamys septemradiata 16,18 
Chordata 135 
Chrotella cavernosa 92, 152 
Chrysopetalum 109 
Chthamalus sp. 75 
-- (stellatus?) 80 
Cinaehyra australiensis, see Chrotella caver­

nosa 
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Circe pectinata 25, 72 
Ciripathes spiralis 31 
Cirriformia anchylochaeta 109 
Cirripedia 3, 33, 75, 80, 89, 138 
Cladocera 36,77,127 
Cladophora sp.38, 69, 72, 74 
Cladophoropsis zollingeri 91 
Clanculus pharaonis 72 
Clementia cumingi, see C. papyracea 
-- papyracea 99, 196 
Cletocamptus confluens 38 
Clupea quadrimaculata 81 
Clymene collaris 159 
-- lumbricoides 159,163 
Clypeaster 13 
Coccolithophoridae 21, 22 
Coelenterata 109, 134, 135, 159 
Coe1oplana sp. 89, 109 
comb-jelly, see Coeloplana 
Conidae 79 
Conus 86 
-- (Puncticulis) arenatus 113 
Copepoda 31,33,36,38,49,72--74,76,77, 

79,80,82,84,90,94,95,110,111,138,141, 
148 

Copilia 77 
Corallia (corals) 83, 84, 86, 124, 138, 156, 

157, 
Coralliophilidae 79 
Cormophyta (see also Plants) 31,92 
Corycaeidae 77 
Corydendrium parasiticum 159, 163 
cowries, see Cypraeidae 
crabs (see also Brachyura) 38, 48, 73, 77, 

81, 132, 136, 145--147, 167 
Crassostrea (cucculata?) 80 
Crella schmidti, see Damiriana schmidti 
Crenidens crenidens 34,38,72,81,104,141, 

157,202 
-- forskalii 72,81 (see also Crenidens creni-

dens) 
Cresseis acicula 22 
Cricotopus mediterraneus 36, 38 
Crinoidea 22, 77 
crown of-thoms sea star 168 
Crustacea 48, 50, 94-98, 110-112, 116, 

134, 135, 137, 144, 152, 160, 162, 198 
Ctenophora 77,89,109 
Cucurbitula cymbium, see Gastrochaena 

cymbium 
Cumacea 79,111,138 
Cyclolithella annulus 22 
Cyclopoida 38, 77 
Cymatiidae 79 
Cymodoce richardsoni 162 
-- truncata 33,84,86,160,162 
Cynoglossus sinusarabici, see Dollfusich-

thys sinusarabici 

Cypraea annulus 116 
-- caurica, see Erronea caurica 
-- erosa 116 
-- lurida 19 
-- lynx 116 
Cypraeidae 79, 133 
Cypreacassis 13 
Cyprideis pannonica 12 
-- torosa 33,38 
Cyprina islandica 16 (see also Arctica is­

landica) 
Cystoseira sp. 80 
-- myrica 69 

Damiria australiensis, see Damiriana 
schmidti 

Damiriana schmidti 92 
Dasyatis uamak, see Himantura uamak 
Dasychone cingulata 31, 109, 159 
-- lucullana 31, 159 
Decapoda 19,22,31,38,48,50,73,77--79, 

81, 90, 95--98, 111, 112, 121, 122, 133--
138, 145, 150, 152--155, 162, 167, 198 

Dendoricella hawaiana, see Damiriana 
schmidti 

-- schmidti, see Damiriana schmidti 
Dendrophyllia comigera 124 
Dendropoma petraeum 124 
Diadema setosum 83 
Diatomeae (diatoms) 36, 91, 127, 131, 138 
Dicentrarchus 88 
-- labrax 38, 161 
-- lupus 72 
-- punctatus 38, 84, 141, 161, 162 
Didiscus placospongoides 116 
Digenea simplex 70, 80, 84, 86 
Dinoflagellatae 21, 77, 156 
Diodora (Diodora) rüppelli 72, 80, 84, 86, 

101, 148 
Diogenes pugilator 77 
Diplanthera 66 (see also Halodule) 
Diplodus sargus 141 
Dolichoglossus gumeyi 79 
Dollfusichthys sinusarabici 104, 205 
Donax venusta 25 
Dugong dugon 31,34, 115 

-- productissima, see D. acuta 
Dussumieria acuta 78,104,133,142,152,199 

Ebalia granulosa 146,149 
Echinodermata 50,70,77--79,90,103,114, 

116, 121, 122, 135, 139, 153, 155, 158 
Echinoidea 83, 86 
Echinometra mathaei 83, 86 
Echinothrix calamaris 83 
Ecteinascidia moorei 114 
Elasmopus pectenicrus 111 
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Elminius modestus 3, 88 
Engraulis enchrassicolis 78, 161, 162 
Enhydrosoma vicinum 95 
Enteropneusta 79, 115 
Eocuma sarsii 111 
Epinephelus tauvina 104, 201 
Equula klunzingeri, see Leiognathus klun-

zingeri 
Errantia, see Polychaeta 
Erronea caurica 113, 133 
Etheria semilunata 25 
Etrumeus teres 88, 116, 199 
Eucrate crenata 96 
Eudendrium racemosum mucronatum 

159, 163 
Eunice indica 109 
- pennata 159 
- torquata 159, 164 
- vittata 109 (see also E. indica) 
Euphausiacea 77 
Euphysora bigelowi 109 
Eupomatus heteroceros, see Hydroides hete-

roceros 
Eurythoe complanata 31, 88, 116 
Euspongia zimocca 159 
Eusynstyela hartmeyeri 115 
Euterpina acutifrons 36, 77 
Euthynnus alleteratus 142 
Evadne tergestina 77 

Favella campanula 36 
Filellum serratum 116 
fish, fishes, see Pisces or under families and 

species (see also Subject Index) 
Fissurella nubecula 19 
- rüppelli, see Diodora rüppelli 
Foraminifera (= Foraminiferida) 11, 19, 

21,22,77,123,156 
Fusinus marmoratus 25, 79, 84, 101 
Fusus marmoratus, see Fusinus marmoratus 
- tuberculatus, see Fusinus marmoratus 

Gafrarium pectinatum 79, 112 
Gammarus foxi 116 
Gastrochaena 66 
- (Cucurbitula) cymbium 99, 152 
- deshayesi, see G. cymbium 
Gastropoda 1-8,19,67,69,74,78,79,81,86, 

89, 100--102, 113, 114, 122, 132-135, 
137, 139, 140, 146, 150, 152, 153, 197 

Geodia micropunctata 93 
Globigerina truncatulinoides 18 
Globigerinoides ruber 22, 123 
Glycinde bonhourei 93 
Gnathiidae 77 
goat fish, see Upeneus 

Gobiosoma nudum 167 
Gobius ? lesueuri 127 
goby 38, 167 
Gonodactylus chiragra 31 
- fa1catus 116 
Gorgonaria 78, 121 
Gracilaria arcuata 108, 137 
Grapsidae 78 
green algae 123 
grey mullet, see Mugilidae 

hake, see Merluccius 
Halimeda 84 
Haliotis pustulata 113 
Halodule uninervis 66, 69, 80, 84, 86 
Halophila stipulacea 31, 34, 66, 69, 74, 79, 

80,84,86,92,132-134,152 
hammer oyster, see Malleus 
hammer-sharks 78 
Harpacticoida (Copepoda) 36, 38, 76, 77, 

79, 80, 82, 84, 88, 148 
He1cioniscus rota, see Cellana rota 
Helgicirrha sch ulzei 159, 163 
Hemiramphus far 104, 133, 141, 142, 200 
- marginatus 116 
- picarti 31 
Hepsetia pinguis, see Pranesus pinguis 
Herklotsichthys punctatus 104,200 
Herdmania momus 103, 152 
Hermodice carunculata 159, 163 
Heterocentrotus mammillatus 89, 116 
Heterolaophonte quinquespinosa 33, 36 
Heteronema erecta 93 
Heteropanope laevis 96 
- vauquelini, see Pilumnopeus vauquelini 
Heteropoda 77 
Himantura uamak 78, 104, 133, 199 
Hippaliosina acutirostris 102 
Hippocampus brevirostris 161, 162 
- hippocampus 81 
Hippopodina feegeensis 102, 152 
Hippopus hippopus 116 
Holocentrus ruber 105, 133, 149, 152, 201 
Holothuroidea 79,82 
Hyastenus hilgendorfi 96 
Hydracarina 80 
Hydrobia musaensis 116 
Hydroidea (= Hydrozoa) 38,77,78,80,88, 

90, 109, 116, 138, 158, 159, 162-164 
Hydroides heteroceros 93 
- uncinata, see Hydroides heteroceros 
Hyperiidea 77 
Hypleurochilus aequipinnis 167 
Hypnaea comuta 108 
- esperi 91 
- nidifica 108, 129 
- valentiae 91, 133, 137 
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Dia nucleus 146, 149 
Inseeta 3 
Isopoda 33,38,72,77,80,84,86, 111, 138, 

158, 162 
Iphinoe erassipes haifae 111 
Isanda (Vanitroehus) cf. holdsworthiana 

101, 146 
Ixa monodi 112, 132 

Jania sp. 86 

Kalliapseudes omer-eooperi 95 
key-hole limpet, see Diodora 
Köllikerina fascieulata 159, 163 
Kylinia spathoglossi 108 

Labrax lupus, see Dicentrarehus lupus 
Lagocephalus spandiceus, see Sphaeroides 

spadiceus 
Lambis 86 
Lamellibranehia, see Bivalvia 
Lamellodiseus elegans 141 
Lamprometra palmata 78 
lancelet, see Branehiostoma 
Laodieea fijiana 109 
Laternula subrostrata 100 
Laurencia papillosa 84, 86 
Leiognathidae 154 
Leiognathus klunzingeri 31, 105, 133, 142, 

143, 149, 152, 202 
- lineolatus, see L. klunzingeri 
- mediterraneus, see L. klunzingeri 
- oblongus, see L. klunzingeri 
Leonnates deeipiens 110 
Leptoehela aeuleocaudata 96 
- pugnax 112 
Leueandra aspera 159 
Leuciehthys artedi 166 
Leucosia 154 
- nausicae 159 
- signata 77,97, 146, 198 
Leueosidae 66,79, 136, 146 
Liehia amia 161 
Litaraehna divergens 160 
Littorina 80 
Liza aurata 34,84, 161, 162 
- earinata 31,32,34,38, 105,203 
lizard fishes 142, 143, see Saurida 
Lophiotoma indiea 113, 133 
Lophocladia lallemandii 108 
Lophogobius eyprinoides 167 
Loxoeoneha gardaqensis 80 
Lucifer hanseni 77, 112, 138 
Lumbrineris coeeinea 160,162 
Lupa pelagica, see Portunus pelagieus 

Lupinoblennius dispar 167 
Lyngbia 70 
Lysidice collaris 110 
- ninetta 160 

Maerophyta (see also Plants) 38,74,91,92 
Maerura (Decapoda) 197 
Maetra olorina 25,34, 38,69, 72, 74, 75, 79, 

84, 100, 157, 196 
Maja goltziana 19 
Majidae 78 
Malleus (Parimalleus) regula 84, 100, 133, 

136, 148, 152, 155, 156, 196 
Mammalia 31,115 
mangroves 84, 167 
mantis shrimps, see Stomatopoda 
Medusae 72, 77, 84, 86, 138, 140, 156, 157 
Megalops atlanticus 167 
Melanopsis 11 
Meleagrina margaritifera, see Pinetada 

radiata 
Membranipora savartii 114,130 
Mereierella enigmatica 3, 88 
Merlueeius merluccius 143, 144, 149 
Mesodesma striata, see Ataetodea striata 
metacercariae 140 
Metapenaeus 154 
- curvirostris, see Traehypenaeus eurviros­

tris 
- monoceros 97,133,143,149 
- palestinensis, see Traehypenaeus curvi-

rostris 
- stebbingi 38,73,97,143, 157 
Metrocarpa nigrum 31,34, 115, 133, 137 
Mieroniseus larvae 77 
Micropanope rufopunetata 19 
Microsetella norvegiea 77 
Mitra fusca 19 
- striatula 13 
Mitridae 79 
Modiolus areuatulus 100 
- aurieulatus 80,113 
- glaberrimus 100 
- perfragilis, see Modiolus glaberrimus 
Molgulidae 121 
Mollusca (see also Bivalvia, Gastropoda ete.) 

13,17-20,25,27,30,31,34,36,38,47-
50, 67, 69, 72-74, 76, 79, 81, 83, 84, 86, 
89,90,97-102,112-114,116,124,133--
138,146,148,152-156,160,162,196,197 

Monaeanthidae 154 
Monacanthus setifer, see Stephanolepis 

diaspro_s 
Monetaria moneta 89 
Monodonta 80 
Monogenea 140, 141 
Morone americana 166 
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Mugil 140, 141 
- auratus 88 (see also Liza aurata) 
- capito 81 
- carinatus, see Liza carinata 
- cephalus 72,82,161 
- oeur, see Mugil cephalus 
- saliens 81 
- seheli, see Liza carinata 
Mugilidae (grey mullets) 38,71,82, 141 
Mullidae (mullets) 141, 142 
Mulloides auriflama, see Upeneus moluc-

censis 
- flavolineata, see Upeneus moluccensis 
Mullus barbatus 142, 149 
Murex anguliferus 25,78,79,81 
- crassispina, see M. tribulus 
- ponderosus 116 
- ramosus 78 
- (Murex) tribulus 65-67,72,79,84, 101, 

156, 197 
- trunculus 25 
Mycale erythraeana 109,129 
Myra 154 
- fugax 97, 133, 136, 146, 149, 198 
Myodocopida, see Ostracoda 
Mysidacea 38, 77 
Mytilus minimus 147, 149 
- pharaonis, see Brachidontes variabilis 
- variabilis, see Brachidontes variabilis 

Naineris quadriticeps 110 
Nassa gibbosula 161, 162 
Natica 81 
Nematoda 33,38,77,79,90,138 
Nemertea 77, 138 
Neocyclops salinarum 33, 38 
Neoechinorhynchus agilis 141 
Nephthys inermis 160 
Neptunus pelagicus, see Portunus pelagicus 
- sanguinolentus 89, 116 
Nereis capensis, see Nereis willeyi 
- persica 93 
- willeyi 93 
- zonata persica, see Nereis persica 
Nerita forskalii, see Nerita sanguinolenta 
- polita 67 
- sanguinolenta 102, 132 
Neritina kinzelbachi, see Nerita sanguino-

lenta 
Nipergasilus bora 141 
Nitocra affmis 33 
- lacustris 38 
- spinnipes orientalis 33 
Notarchus indicus 102 
- savignianus, see Bursatella leachi savig­

niana 

Notomastus aberans 110 
- profundus 160 
Notopus dorsipes 97 

Ochetoclava kochi, see Cerithium kochi 
Ocypodidae 78 
Octocorallia 79, 84, 138 
Ogyrides mjöbergi 112 
Oithona nana 77 
Omobranchus punctatus 167 
Oncholaimus oxyuris 33 
Oosthetus lineatus 167 
Ophiactis parva 103, 146 
- savignyi 114 
Ophiocoma scolopendrina 83 
Ophiuroidea 66, 77, 79, 83, 86, 146 
Opisthobranchia 79 
Opisthosyllis brunnea 116 
Ostracoda 12,33,38,77,80,138 
Ostrea 14 
- edulis 25 
- forskalii 25 

Pachygrapsus transversus 19 
Padina gymnospora 108 
Palaemon pacificus 84 
- pandaliformis 167 
Palaemonella vestigialis 97 
Palaemonidae 77 
Pantopoda 138 
Paphia textile 100, 146, 156, 196 
- undulata, see P. textile 
Papyridea australe 113 
- papyracea 100 
Paralacydonia paradoxa 160 
Paramphiascella sirbonica 95 
Parapenaeus longirostris 143, 144, 149 
Parathelges racovitzai 88, 116 
Parexocoetus mento 88, 116, 200 
Patella rota, see Cellana rota 
pearl oyster, see Pinctada radiata 
Pecten 14,67 
Pelamys platurus 168 
Pelates quadrilineatus 105,201 
Pelecypoda (see also Bivalvia) 99, 100, 112, 

113, 122, 134, 135, 196 
Peltidiidae 79 
Penaeidae 77,81, 136, 137, 149 
Penaeopsis monoceros, see Metapenaeus 

monoceros 
- stebbingi, see Metapenaeus stebbingi 
Penaeus sp. 73 
- canaliculatus, see P. japonicus 
- japonicus 97,133,143,149 
- kerathurus 143.149 
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Penaeus semisulcatus 98, 133, 143, 149 
- stebbingi, see Metapenaeus stebbingi 
pencil urchin, see Heterocentrotus 
Penilia avirostris 77 
Pennaria disticha australis 109 
Periclimenes calrnani 112 
Perinereis nuntia typica 93 
Petaloproctus terricola 160 
Petromyzon marinus 166 
Phallusia nigra 82, 103 
Phascolion strombi 160 
Pholas candida 72 
- dactylus 74 
Physa contorta 25 
Pilumnopeus laevis, see Heteropanope 

laevis 
- vauquelini 73, 98 
Pilumnus hirsutus 98 
- vauquelini, see Pilumnopeus vauquelini 
Pinctada radiata (= Pteria occa) 31, 34, 

67,72,76,84,88, 113, 124, 133, 137, 147, 
149, 152, 155, 156, 196 

Pirenella cailliaudi 32,34,38, 113, 140 
- conica 31-34,38,72,86,88 
Pisces 34,103-107,115,133-136,151,161 
Pista cristata 160, 164 
Placostegus tridentatus 160 
Plagusia tuberculata 116 
Plants (see also Algae) 31,36,38,50,66,79, 

80,84,86,90,133-136,156 
Platimaia wywillethompsoni 89, 116 
Platycephalidae 154 
Platycephalus indicus 105, 201 
- insidiator, see P. indicus 
Platyhelminthes 90,138 
Plecortis simplex 159 
Podocoryne meteoris 159,163 
Podon polyphemoides 127 
Poecilochaetus serpens 160 
Polychaeta 3,31,33,36,38,50,72,75--77, 

79,88,90,93,94,109,110,116,122,132-
137, 152, 153, 158-160, 162, 163 

Polyclinidae 79 
Polyplacophora 79, 122, 138 
Pomatoceros triqueter 160 
Pomatomus saltatrix 78 
Pomatoschistus marmoratus 38 
Porcellana boscii 31, 89 
Porcellididae 79 
Porifera (sponges) 70,79,80,90,92,93,109, 

116, 123, 134, 135, 152, 156, 159, 163 
Porites 86 
Portunidae 38,48, 73, 81, 89, 136, 137, 143, 

145, 146, 149 
Portunus pelagicus 48,73,98,133,136,145, 

. 149, 150, 152, 198 
Posidonia oceanica 121 

Potamilla stichophthalrnus 160 
Pranesus pinguis 38,48, 105, 133, 142, 149, 

151, 152, 200 
Praniza larvae 77 
Prionocidaris baculosa 116 
Pseudeurythoe cf. acarunculata 110 
Pseudocaligus apodus 141 
Pseudodiaptomus salinus 33,110 
Pseudohalitrematoides oramini 140 
- polymorphus 141 
Pseudonereis anomala 94, 152 
Pseudosuberites mollis 159 
Pteria occa, see Pinctada radiata 
Pteropoda 21,22,77,121 
Ptycholaimellus ponticus 33 
purple snail, see Thais 
Purpura haemostoma 19, 25 
Pycnogonida 80, 94 
Pyrosoma 121 
Pyrula 67 
Pyura momus, see Herdmania momus 

Quoyula madreporarum 114, 133 

Radiolaria 21, 77, 156 
Raja uamak, see Himantura uamak 
Rastrelliger kanagurta 106, 131, 204 
red algae (Rhodophyta) 86 
- mullet, see Mullus barbatus 
Reniera spinosella 93 
Rhabdonia dura, see Solieria dura 
Rhizosolenia indica 91, 131, 138 
Rhodine loveni 110 
Rhodymenia erythraea 92 
Rhonciscus stridens 127, 202 
Rissoina (Rissolina) bertholleti 102, 197 
·Rithropanopeus harrisi 167 
Robertsonia salsa 33, 36, 95 
rock lobster, see Thenus orientalis 
Ruppia ovalis 38 

Sabellida (see also Polychaeta) 36, 38 
Saccoglossus gumeyi 115 
Sagitta enflata 77 
- neglecta 77 
Salmo salar 166 
Salrnoneus jarli 19 
Salpidae (salps), see Thaliacea 
Salvelinus namaycush 166 
Sarconema filiforme 92 
- furcellatum 92 
Sardinella aurita 72, 127, 142 
Sargassum 69,72,80,84 
- crispum - 69 
- dentifolium 69 
- subrepandum 69 
Sargus 143 
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Saurida grandisquamis, see S. undosquamis 
- undosquamis 106, 132, 133, 142-144, 

149,200 
Scalisetosus fragilis 160, 162, 
Scaphopoda 79, 122, 136 
Scaridae 78 
Scarus rivulatus, see Siganus rivulatus 
Sciaena aquila 71, 72, 161, 162 
- ruber, see Holocentrus ruber 
Sc1eractinia (see also corals) 138, 139 
Scololops chevalieri candiensis 110 
Scomber djeddaba, see Atule djeddaba 
Scomberomorus commerson 106, 204 
Scombridae 78 
Scorpaenidae 78 
Scottolana bulbosa 111 
- longipes 31,95, 148, 149 
Scrupocellaria jolloisii 102 
sea cow, see Dugong dugon 
- cucumber, see Holothuroidea 
- grasses (see also Cormophyta) 66,69,76 
- star, see Asteroidea 
- urchins, see Echinoidea 
Sebastapistes nuchalis 115 
Selachia (sharks) 78, 139 
Serranidae 33 
Serranus cabrilla 84, 88, 161, 162 
Sesarma rhizophorae 167 
- sulcatum 167 
sharks, see Selachia 
shrimp, see Decapoda Macrura, 

Penaeidae etc. 
Siganus luridus 106, 132, 133, 140, 152, 204 
- nebulosus, see S. rivulatus 
- rivulatus 106, 133, 140, 143, 149, 151, 

152,204 
- siganus, see S. rivulatus 
- spinus, see S. rivulatus 
Sinularia 84 
Siphonaria 67 
- kurracheensis 102 
- laciniosa, see S. kurracheensis 
Siphonophora 121, 167 
Sipunculida (Sipunculoidea) 88, 116, 122, 

123, 160, 164 
snails, see Gastropoda 
soft corals, see Octocorallia 
Solea vulgaris 161 
Solen vagina 72 
Solieria dura 92 
Spadella cephaloptera 77 
Sparidae 38 
Sparus aurata 38, 141, 161 
Spatha rubens 25 
Spatoglossum variabile 92 
Sphaeroides spadiceus 107, 132, 133, 205 
Sphaeroidinella 12 

Sphaeroma 33,38,72 
- serratum 33, 160, 162 
- walkeri 33 
Sphaeromidae (see also Isopoda) 72 
Sphyraena chrysotaenia 107, 133, 141-

143,149,203 
- obtusata, see S. chrysotaenia 
- sphyraena 143,149 
- viridensis 143,149 
Spilophorella paradoxa 33 
Spinther miniaceus 160, 163 
Spirobranchus giganteus coutierei 110 
Spondylus 84 
- spectrum 113 
sponges, see Porifera 
Spyridia filamentosa 84 
Squilla mantis 144, 149 
- massavensis 95, 144, 149, 198 
starfish, see Asteroidea 
Stenhelia 79 
- inopinata 95 
- minuta 95 
Stenothoe gallensis 111 
Stephanolepis diaspros 107, 133, 205 
- hispidus, see S. diaspros 
- ocheticus, see S. diaspros 
- weberi, see S. diaspros 
Stomatopoda (mantis shrimps) 31,95, 144, 

196 
Strombus 86 
- bubonius 16,18 
- coronatus 13 
- lentiginosus 116 
- tricornis 25,79,84 
Stylophora sp. 84 
Sulculeolaria 87 
swimming crab, see Portunidae 
Syllis exilis 94 
Symplegma viride 103 
Synalpheus hululensis 98 
Synaptidae 79 
Synaptula reciproquans 82 
Synedra gailloni 36 
- hennedyana 36 
- undulata 36 
Syngnathus algeriensis 161 
Synidotea hirtipes 84 
Synodussaurus 143,149 
Syringolaimus striatocaudatus 33 

Tamarix 44, 66 
Tanaidacea 77, 95, 111, 138, 152 
Tapes decussatus 79 
- -textrix, see Paphia textile 
tectibranch gastropods 74 
Tegastidae 79 
Teleostei 135 
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TeIlina sp. 84 
Temnodon saItatrix 161 
Temora discaudata 116 
Terebella ehrenbergi 94 
- lapidaria 160, 163 
Terebridae 79 
Tethya aurantium 159 
- eavernosa, see Chrotella eavernosa 
Tetraclita 80,89 
Tetragonieepsidae 79 
Tetraodontidae 154 
Tetrodon lunaris, see Sphaeroides spadiceus 
- spadiceus, see Sphaeroides spadieeus 
Teuthis rivulatus, see Siganus rivulatus 
Thais earinifera 102, 148, 149, 156, 197 

haemostoma 148,149 
Thalamita admete 31, 116 
- poissoni 81,98, 133 
Thalamoporella gothica indiea 114 
Thalassia 167 
Thaliaeea 77, 121, 138 
Tharyx dorsobranehialis 110, 133 
Thenus orientalis 89, 116 
Therapon puta 201 
Theraponidae 154 
Therieium seabridum, see Cerithium scabri-

dum 
Theristus flavensis 33 
- oxyeerea 33 
Tintinnida (Tintinnoidea) 36, 77, 87, 90 
Tintinnopsis beroidea 36, 77 
- radix 36, 77 
Traehypenaeus eurvirostris 98, 133, 143, 

149, 198 
trees, see mangroves 
Trematoda 141 

Tridacna 86, 156 
Tridacnidae 79 
Trididemnum sargassieola eereum 161 
Tripneustes gratilla 83 
Troehus erythraeus 114 
- pharaonis, see Claneulus pharaonis 
Trygon uarnak, see Himantura uarnak 
Tubularia larynx 159, 164 
- mesembryanthemum 159, 164 
tuna 142 
Tunieata (see also Aseidiacea) 103, 114, 115 
Turris indica 116 
Tylosurus ehoram 107,200 
Typhlamphiaseus eonfusus 79 

Umbilieosphaera mirabilis 22 
Umbonium cf. vestiarium 114, 133 
Umbrina eirrosa 72, 161, 162 
Upeneus asymmetrieus 107, 142, 143, 149, 

203 
moluccensis 107, 132, 133, 142, 149,203 

- tragula, see U. asymmetricus 

Ventromma haleeioides 159, 164 
vermetid molluses 124 
Vermetus triqueter 123, 124 
Vertagus koehi, see Cerithium koehi 
Vivipara unicolor 25 
Vortieella 91 

watermite 38 
water plants 66, 74, 79, 80, 121 
worms, see Polyehaeta 

Zooxanthellae 156 
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Abu Dhabi 86 
Abu Rudeis 76, 157 
accidental transport 89 
Acre, see 'Akko 
-, old port 124 
adaptation(s) 3,47,82, 156 
- to high salinities 82 

to nutrient-poor environment 156 
Aden 99-102, 112, 113, 159, 163 
-, Gulf of 22, 53, 56, 164 
Adriatic Sea 116, 121, 122, 155, 156 
-, benthic biomass values 121 
adult animals 80, 139 
- populations 81 
Aegean Sea 18, 31, 92, 116, 121-123, 132, 

153-156, 165 
aerial roots, see mangroves 
Africa, East 24, 109, 111, 115 
-, North 129,131 
-,South 110,159,160,164 
-, West 11-15, 18, 19,31,88, 110 
African block 11 
- co asts 129, 131, 154, 163 
- shore (salt pools) 44 
agricultural runoff 44,61 
Akhziv 103, 147 
'Akko (Acre) 93,99-101, 121, 147 
Albatross (ship) 19 
Alexander, see Nahal Alexander 
Alexandretta 124 
Alexandria 18,19,27,48,91-115 (passim), 

121, 131, 137, 144 
-, fishery grounds 48,121,131 
Algeria, Algier 91, 108 
Al Ghardaqa, see Ghardaqa 
Al Mansur (Khalif) 30 
Ambach, see Deversoir 
amphi-euryhalinity 82 
Amru Ibn al Ass (Arab general) 30 
Anatolia, Anatolian coast 116, 122, 129, 

130, 132, 133, 136, 143 

Andipsara, Island of 132 
Angola 159, 164 
Animal migration 47,51, 56 
"antibiotic barrier" 169 
"Anti-Lessepsian migrants" and Anti-

Lessepsian migration 90, 141,157-165 
'Aqaba (Akaba), Gulf of 14, 20, 91, 92, 97, 

99,100--103,110--113 (see also ElatGulf) 
Arabia 82 
Arabian Gulf 29 
- Sea 92, 159, 163 
Arabs Gulf (Halig al Arab) 18, 19 
Arctica islandica association 17, 18 
Ashdod 100, 102, 124, 125, 144 
Ashqelon (Ashkelon) 124, 157 
Asia Minor 108 
Asiatic, see South-West Asiatic barrier 
Aswan High Dam 56, 61, 62, 127, 156 
- - -, influence of 156 
Atlantic Ocean 2,3, 11-13, 15, 17,27,31, 

87, 88, 102, 108, 109, 111, 114, 118, 121, 
123, 143, 144, 158, 162-169 

-, benthic biomass values 121 
-, biota 2 
-, coast of France 160· 
-, current 118, 123 
-, immigrants 13 
-, species 13, 17,87, 121, 143, 144, 166, 

167 
At/antis Il (ship, American) 49, 55-57, 60 
Atlanto-Mediterranean species 88, 164 
- zoogeographie area 120, 123 
'Atlit 97, 99, 147, 149 

Bab el Mandab, Straits of 15,20,23 
Bahr Beni Menaga, see Pelusium 
Ballah (Ballah Lake, lagoon) 27, 28, 30, 32, 

41,42,63,97 
Baltic Sea 165, 166 
Bardawil Lagoon (Sabkhat el Bardawil), see 

Sirbonic Lagoon 

* Note: Geographical names mentioned in the text are included. Due to discrepancies in the 
spelling of names transliterated from Hebrew and Arabic, alternative spelling may be given in 
parentheses. Spelling of localities in Israel and Sinai is according to: "Israel- Map of the 
Cease-fire Lines 1967" (Survey of Israel). See maps in text pp. 43, 85. 
Compiled by 1. Ferber. 
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barrier, "Iow salinity" 127 
~, see zoogeographical 
Bat Yam 92,97,98 
Bay of Suez 46, 59, 76, 80, 83, 92, 94, 106 

(see also Suez) 
~ ~ ~ assemblage 83 
beachrock 46,62,64,70,124,125 
Beirut (Beyrouth) 31, 88, 93, 99, 103, 107, 

109, 110, 125, 126 
benthic, benthos 19, 36, 38, 50, 64-66, 

72~74, 78, 79,81,121,122,131,138,139, 
143-146,153, 156 
communities 64,146 

~ copepods 36, 72, 73, 79 
Bilaiyim lagoon (Bilayim, Ghor Blaim), 

see EI Bilaiyim 
biogenic rocks 146 
biogeography 1 
biological consequences of Nile floods 127 
~ properties (obligatory for Lessepsian 

migrant species) 139 
biomass values 121 
bio ta 2,4,21,23,24,35,44,48,49,62,70,71 

(see also migrant) 
~, migrant 87~170 

"Biota of the Red Sea and the Eastern Medi-
terranean" 90 

biotic associations 6 
~ exchanges 1 
~ movements 23 
Bitter Lake(s), (Great and Little Bitter Lakes, 

see also Suez Canal) 2, 6, 23, 24-30 
(passim), 39~86 (passim), 91~115 
(passim) 

~ ~, animallife 70 
~ ~, as reservoir 53 
~ ~, basins 23, 25, 28, 32, 44, 66, 68 
~ ~, bathymetric map 66 
~ ~, beachrock 70 
~ ~, benthos 50 
~ ~, biotic assemblage 6 
~ ~, bottom layer of saIt 51 
~~, bottoms 59,60,63,66,67,69,70 
~ ~, circulation 69 
~ ~, core sampIes 60 
~ ~, current 53, 55 
~~, depth 59 
~ ~, environmental conditions 
~ ~, evaporation 55, 56, 59, 60 
~ ~,fauna 33,70,73,80,84 

~, fouling 50 
~ ~, gelatinous mud 63, 65, 66 
~ ~,geology 47,50 
~ ~, Great 25, 44, 45, 46, 50, 53, 59, 60, 

65~70, 73, 77, 80,91,93,95,99,103,104 
~ ~,gypsum 60,66 
~ ~, high-salinity barrier 59, 80 

Bitter Lake(s), hydrography 47, 59 
~ ~, hypersaline environment 80 
~ ~, hypersaline lagoons and pools 60 
~ ~, la~oons 60,75 
~ ~,Iength 44 
~ ~, Little 25, 44, 53, 66, 69, 70, 72, 76, 

91,93~96,98, 107 
~ ~, littoral 62, 70, 80 
~ ~, living world 71 
~ ~, meeting of the two seas in 40, 46 
~ ~, oil pollution 62 
~ ~, "Plant Zones" 69 
~ ~, saline stratification 60, 69, 78 
~ ~, salinity(ies) 51, 56, 59--62, 73, 80 
~ ~, saIt deposit 44, 59, 60, 66 
~ ~, sediments 26, 66, 70 
~~, shores 44,64,69,70 
~ ~, shipping channel 63, 66 
~ ~, ships trapped in 49, 50 
~ ~, species diversity 80 
~ ~, substrates 64 
~ ~, successional stages 73 
~ ~, temperatures 56,57 
~ ~, tidal current 76 
~ ~, tidal fluctuations 53 
~ ~,vegetation 44, 84 
~ ~, water outflow 51, 56 
~ ~, waters 51,56,59,71 
~~, width 44 
~ ~, winter flow 55 
~ ~, "zone morte" (an aerobic bottom) 

66,67 
Black Sea 87, 88, 121, 153, 165, 167, 168 
~ ~, benthic biomass values 121 
Boghaz, see Sirbonic lagoon opening 
Bosphorus Straits 4,165 
"boulder fauna" (littoral) 70, 80 
brackish 11,12,14,15,25,27,32,42,61,81, 

166 
brine pools 61 
brines, see Red Sea hot brines 

Caesarea 92,98,102,103,111,147 
Calabrian 17,18 
Calabro-Sicilian 17 
Calcium carbonate 70, 82 
Calypso (ship) 122 
Cambridge Expedition to the Suez Canal 

(1924) 48, 64, 73, 74, 76, 81, 128, 129 
canals, see Suez Canal and inter-oceanic 

canals 
Canary Islands 123 
Cap Blanc 13 
Cap-e Bon 122 
Cape Verde Islands 13 
Caribbean Sea 21, 159, 164, 165, 167, 168 
Carmel (Mount Carmel) 124 
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carrying capacity of the environment 155 
Caspian Sea 11, 165 
"catadromous" life cycle 81 
catastrophic low tides 83 
catch statistics 142 (see also Israel fisheries) 
"Celtic" 17, 18 (see also cold-water fauna) 
Central American Isthmus 6, 7 

sea-Ievel canal 168, 169 
Chain (ship, American) 21,49, 56, 62 
circumafrican species 88, 89 
circumtropical distribution 9,30,31,38,87, 

88 
- harpacticoids 88 
- species 30,31,87-89,115,163 
coastal environments 86 
cold-water fauna 17, 22, 132 
colonization 5,34,71,73-76 (see also 

Suez Canal, Eastem Mediterranean, 
Lessepsian migration) 

colonizers, see Lessepsian migrants 
colonizing success of Lessepsian migrants 

141-153 
commercial catches 142 
- fish 34,38,127,142 
- shrimp 143 
"Compagnie Universelle du Canal Mari-

time de Suez" 47, 50, 51 
comparative parasitology 140, 141 
compensation depth (in the Levant) 120 
competition between species 142, 143, 147, 

149 
competitive success 3,24, 158 
congeneric species pairs 7, 144, 149, 155 
conspecific populations (comparison 01) 

155 
coral communities 83 
- reefu 11,20--22,78,79,83,84,138,156 
- species 86 
coralligenous bottoms 124 
Corfu 122 
Corinth Canal 165, 166 
cosmopolitan 3, 87, 88, 114, 139, 170 
Crete 110, 116, 118, 129, 130, 132, 137 
Crete-Santorin area 132 
Cyprus 91-115 (passim), 119, 120, 129-

133, 136, 147 
Cyrenaica, Cyrenian coast 116, 154 

Dahab, see Di Zahav 
Dahlak Archipelago 108, 159, 160, 163 
Damietta (Nile branch) 24, 52, 126 (see 

also Nile) 
dams, see Nile 
Danish Oceanographic Expedition 116 
Darius (Persian ruler) 29 
Dead Sea 18,36, 140 
- -, springs 140 

decapod larvae 81 
Deep Sea Drilling Project (DSDP) 11, 12, 

15,21 
Delta, see Nile 
- branches, see Nile 
demersal fishes 142 
Deversoir (eI Ambach, Great Bitter Lake) 

44,45,53,62,68 
Diodorus Siculus (historian) 27, 35 
diversity, see species diversity 
Di Zahav pool (Dahab, EI Kura') 83, 84, 95 
Djibouti 92,93 
Dodecanese 118 
Dynamic Zoogeography 3-8 

Eastem Mediterranean 15--20 (see also 
Mediterranean Sea and Levant Basin) 

- -, abiotic factors 87 
- -, animal groups 90 
- -, basin 116,121,122 
- -, benthic biomass values 121 
- -, biota 2 
- -, colonization of 73 
- -, "competitive vacuum" 158 
- -, cul de sac of Mediterranean Sea 4 
- -, decapod crustaceans (migrant) 137 
- -, distribution of migrants, see Lessepsi-

an migrants 
- -, endemie species 122 
- -, fauna 87,138 
- -, faunistic poverty 122 
- -, fishes 123, 133, 136 
- -, isohalines (surface) 118 
- -, isotherms 154 
- -, Lessepsian migrants/migration 1, 

87, 90, 122, 132, 133, 136-138, 155, 156 
-, "Levantine nannism" 123 

- -, molluscs (migrant) 138 
- -, Pleistocene 15--20 

-, pollution 157 
- -, saline stratification 19 
- -, salinity(ies) 116,118 

-, species 146,153, 155 
- -, species analyzed 122 
- -, species pairs 149 
- -, temperatures 116 
- -, tidal range 55 
ecological categories of migrants 142 
- valency 3, 139, 140, 155 
ecosystem 3-7 
ectoparasites 140 (see also parasitofauna) 
edaphic conditions 79, 169 
egg-bearing species 81 
egg-masses of Gastropoda 81 
Egypt 20, 27, 29, 35, 48, 105, 108, 109, 122 
Egyptian coast 92, 96, 109, 116, 118, 126, 

131,143,146 
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Egyptian-Roman Canal 167 
EI Arish 34, 93, 99, 101, 112, 123, 124, 138, 

142, 144-146 
Elat (Eilat, Eylath) 20,95,109,159,160,164 
-, Gulf of (= Gulf of 'Aqaba) 84, 91, 92, 

94,95,97,99,100,101,102,156,158,159, 
161-163 

- -, eoast of Sinai 84 
EI Bilaiyim lagoon (Bilaiyim lagoon, Bilaim, 

Ghor Blaim) 83, 84, 95, 104, 141, 161, 
162 

- - - bottoms 84 
- - -, fish fauna 84, 141, 162 
- - -, molluse fauna 84 
- - -, parasitofauna of fishes 84 
- - -, salinity 84 
- - -, vegetation 84 
EI Ferdan, see Firdan bridge 
EI Guisr, see Guisr ridge 
EI~organ 15,76,157 
EI Qantara, see Qantara 
endemie speeies 22, 122, 158, 163 
endemism 22 
endoparasites 140 (see also parasitofauna) 
endosymbiotie 156 
- algae 156 
- nutrition 156 
- zooxanthellae 156 
Eoeene 14 
"epibenthie" planktonic organisms 77 
epidemie, potential threat of 140 
epiphytie growths 38 
- species of algae 131 
Eratosthenes (Hellenistie seientist) 27 
Eritrea 92, 162 
Eryoek speeies (with wide spreading poten­

tial) 114 
erythraean immigrants (in the ~editer­

ranean) 87 [see also Lessepsian (Red 
Sea) migran ts] 

estuarine 33, 38, 72, 73, 75, 77, 78, 82, 84, 
141, 162, 166 

Ethiopia 15,92,160 
Et Tur (Tor, Thor) 108, 159 
euryhaline, euryhalinity 3, 11, 22, 32-34, 

36,38,72,77,78,82,84,88,131,134,139-
141, 156, 162, 164, 166-168 

euryphagous, euryphagy (non-se!eetive 
feeding) 139 

eurythermal, eurythermy 22, 139, 140 
eurytopie speeies 22 
eustatie 15-18,20, 23, 24, 32, 82 
evaporation (evaporative) 11, 12, 15, 17, 

21, 22, 39, 50-52, 55-57, 59, 60, 82 
evaporite 11 
evaporitie layers 15 

faunal interehange 4-7, 19, 30, 47, 166 
- movements 2, 10, 157-165, 168-170 

(see also Lessepsian and anti-Lessepsian 
migration) 

Fidelis (Irish Abbott) 30 
filter-feeder 3 
"filtrating bridge" 6, 7 
"filtrating funne!" 71 
Firdan bridge (ei Ferdan, el Firdan) 25 
fish, fishes, see Lessepsian migrants 
- fauna 22, 78, 84, 153, 154, 167 
- parasites, see parasitofauna 
fisheries, see Israel 
fishery grounds, see Alexandria 
Fiume (Rijeka) 89 
Flandrian transgression 27, 28 
fluviatile, see Nile 
food niehe 143 (see also trophie) 
fossil 15, 17, 19, 20, 25, 32 
fouling 3, 34, 49, 50, 80, 88, 89, 111, 162 
freshwater 19, 25, 32, 42, 44, 61, 66, 166-

168 
- barriers 166, 167 
"fusion faunas" 6 

Gaza 95,99,100,126,142 
gelatinous mud 63, 65, 66, 74 (see also 

Bitter Lakes) 
Ghardaqa (Hurgada, AI Ghardaqa) 86,91, 

102, 162 
Ghor el Bazam 86 
Ghor Blaim, see EI Bilaiyim lagoon 
Gibraltar, Straits of 4, 13, 14, 17, 30, 88 
- -, inversion of eurrents 17 
Glaeial 5, 16-23, 27, 156 
- biotie movements 23 
- eonditions 23, 156 
- fauna 5 
Glaeiation 4, 14, 18 
Great Bitter Lake, see Bitter Lake, Suez 

Canal 
Great Lakes 165, 166 
Greeee 113, 122, 132 
Guisr ridge (ei Guisr) 25,28,42,63 
Gulf of Corinth 165 
Gulf of Elat (= Gulf of'Aqaba), see Elat Gulf 
Gulf of Gabes 116 
Gulf of Panama 165 
Gulf of Pelusium, see Pe!usium 
Gulf of Sidra 116 
Gulf of St. George (Lebanon) 142 
Gulf of Suez, see Suez Gulf 
Gulf of Tadjourah 160 
Gulf of Taranto 136 
Gulf of Tina (Tineh), see Pelusium 
gypsum 11,14,25,42,60,63,66,69 
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Haifa Bay 78,91-115 (passim), 122-126, 
146, 147 

- -, benthic fauna associations 146 
Halig al Arab, see Arabs Gulf 
"Halophila fauna" 80 
harbour organisms 111 
hard bottoms 64, 70, 79 
Hathay-Euphrates divide 10 
Hebrew University - Smithsonian Institu­

tion Joint Pro gram ("Biota of the Red 
Sea and the Eastern Mediterranean") 
49, 50, 56, 73, 129, 147 

Herodotus 29 
high-salinity environments 32, 36, 38, 51, 

59,76-86, (passim) 
Hipparchus (Hellenistic scienist) 27 
holoplanktonic groups 77, 138, 139, 169 
hot brines (Red Seal 21, 22 
hyper-euryhalinity 82 
hyperhaline 11, 73, 75, 77, 81 
hypersaline, hypersalinity 11, 15, 19-21, 

32, 35, 36,60, 75, 80, 81 

Ibn Sirapiun (Arab geographer) 25, 27 
ichthyoparasites 140 (see also parasito­

fauna) 
immigration 123--127 (see also Lessepsian 

Migration Levant shore) 
Indian Ocean 1, 9, 14, 15, 20-22, 82, 86, 

91-115 (passim), 156, 159, 163, 164 
- -, nitrogen depletion 156 
- -, phosphorus depletion 156 
- -, zooplankton 156 
Indo-Pacific (Indo-West-Pac.) 2, 7, 10, 11, 

14,15,20,23,31,71,86,88-90,91-115, 
137,144, 146, 153, 157-161, 169 

- - biota 2, 23 
- - distribution 153 
- - element 88 
- - fauna 10, 14, 15 
- - immigrants 125, 141 
- - realm 157,163 
- -, record of distribution (of Lessepsian 

migrants) 91-115 
infralittoral 78, 123, 142, 147, 148 
Interglacial 4,5,16-19,21,23-25,32,155, 

158, 168 
inter-oceanic canals and contacts 1, 2, 

165-170 
- -, faunal movements 170 
intertidal 74, 80, 86, 142, 147, 148 
- flats 86 
- species, Mediterranean 80 
- -, Red Sea 80 
- -, Suez Canal 80 
-, Suez Canal 80 
- zonation pattern (Mikhmoret) 147 

intraspecific competition 140 
inversion of currents 17, 18 
Ionian Sea 116, 165 
Iskenderun 97,98, 104-107, 124, 129, 143 
Isma'i1iya (Ismailia) 45, 56, 61, 92 (see also 

Lake Timsah) 
Israel (Mediterranean co ast) 11, 13, 18,31, 

85,89,91-115,119-125,129,131,142-
148, 153, 155, 164 

- coast, benthic profiles 143-146 
- -, currents 124, 125 
- -, fish fauna 153 
- -, isobaths 124, 155 
- -, isohaline contours 119 
- -, Lessepsian migrants 131 
- -, level bottoms 125,146 
- -, nitrate nitrogen 120 

-, organic content 124 
- -, primary production 120 
- -, salinity 126 
- -, species advance 129 
- -, temperatures 125 
Israel fisheries 142-144 
- shelf 121, 123 
Isthmus element 75 
"Isthmus fauna" 33, 72, 113, 115 (see also 

Isthmus of Suez) 
Isthmus of Panama 167, 168 
Isthmus of Suez 6, 7, 15,20,23,24-34,39, 

47, 55, 72, 167, 168 
- - - fauna 33, 72 
- - -, history of 24-30,34,39 
- - -, lakes 27, 32, 72 
Izmir 106, 107, 132 

Jaffa (Yaffo) 96-99, 101, 113, 124, 146 
Jiddah 91, 108 
Jordan valley 18 

Kabrit (Kabret) 25,27,44,53,56,57,61,95, 
98, 103, 104, 106, 114, 160, 161 

Kaiser-Wilhelm Canal, see Nord-Ostsee 
Canal 

Kantara, see Qantara 
Karpathos 102, 132 
Kiel, Bay of (Baltic Seal 165, 166 
Krakatau 5-7 

Iacustrine period 14 
"Iago-mare" 12 
lagoons 1, 11,25,27,31,32,34-38,42,45, 

51,60,61,63,66,70,75,77,80,81,83,141, 
157, 160 

Lake(s), see Bitter Lake 
Lake Gatun 167 
Lake Manzala (Lake Menzaleh) 25,28,32, 

34,35,41,42,44, 131 
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Lake Miraflores 167 
Lake Timsah 2, 24, 25, 28, 30, 32, 41, 42, 44, 

45, 51, 53, 56, 57, 61-66, 71-73, 75, 
79-81, 92, 93, 95, 96, 98, 99, 103, 104, 
107, 110, 127, 158 (see also Suez 
Canal) 

- -, benthic animals 66 
- -, bottom layer 61 
- -, brackish areas 81 
- -, currents from 158 
- -, lagoons 42,45, 61, 75 
- -,Iittoral zone 72 
- -,oxygen 66 
- -, saline stratification 61,66 
- -, salinity 42,61,62,81, 127 
- -, shell banks 72 
- -, soft-bottom associations 79 
- -, temperatures 56, 57 
Lampedusa 105, 129, 136 
larvae 38,71,77,78,80,81,95,97, 125, 137, 

139 
-, lecithotrophic 139 
-, pelagic 78 
-, planktonic 71,77,137,139 
-, planktotrophic 139 
larval plankton 77, 78 
Lebanon (Lebanese coast) 18-20, 94, 96, 

98,101,106,107,113,114,123-126,129, 
131,142,164 

Lessepsian migrants 1,2,8,31,32,71,87-
170 (see also migrant biota) 

- -, bathymetric range of species 155 
- -, colonizing success 141-153, 155 
- -, commercial species (fish, shrimp) 

143 
- -, demersal fish 142 
- -, depth limit 148 
- -, - preference 149 
- -, dispersal of 165 
- -, distribution 132, 136--138 
- -, - of decapod crustaceans 137 
- -, - of fishes 136 
- -, - of molluscs 138 
- -, diversity 134--141 
- -, ecological categories 142 
- -,fish 90,103-107,115,127,132-136 

140--144, 149, 151-155, 199-205 
- -, High Probability (HPLM) 91-107, 

127, 133-135, 142 
- -, infralittoral 142 
- -, intertidal 142 
- -, invading species 156 
- -, level-bottom macrofauna 142 
- -, Low Probability (LPLM) 108-115, 

127,135 
- --:-, molluscs 156 
- -, populations 148, 149, 152, 155 

Lessepsian migrants, record of distribution 
91-115 

- -, rock dwelling fauna (intertidal) 142 
- -, shrimp 143 
- -, species 4--10, 132, 140, 142, 146, 

148, 149, 153, 155, 157, 196--205 
- -, successful 139,140,148 
- -, temperature limit of 148, 154 
- -, - sensitivity 155 
- -, time-distance analysis 129-134 
Lessepsian migration 1-3,7,8,38,71, 

87-116, 123--127, 127-128, 153--157, 
164, 165-170 

- -, analysis of 127-128 
- -, Aswan High Dam influence on 156 
- -, future of 153--157 
- -, introduction ofterm 1 
- -, methodology of analysis 127-128 
- -, model of 165-170 
- -, process of 156 
- -, species diversity 157 
- -, zoogeographical consequences of 

153--157 
"Lessepsian province" 153, 154 
- -, geographicallimits 154 
Lessepsian Suez Canal 165, 166 (see also 

Suez Canal) 
Levant, Levantine 1, 2, 12, 15, 19, 48, 59, 

102, 116-127, 129-133, 136, 143, 148, 
149, 152-154, 156, 157 

Levant Basin 116-127, 168 (see also 
Eastern Mediterranean) 

- -, biota 123, 153, 154 
- -, carrying capacity (of the environ-

ment) 149 
- -, compensation depth 120 
- -, deep water layers 120 
- -, definition of western limits 116 
- -, evaporation (annual) 127 
- -, impoverishment of species 121 
- -, isotherms 118 
- -, Lessepsian migrants (very common in) 

152, 153 
- -, nitrate nitrogen (NÜ3 values) 120 
- -, nutrient-poor 156 
- -, phosphorus values 120 
- -, preadaptation to conditions in 158 
- -, primary production 127 
- -, salinity(ies) 119, 127, 157 
- -, species diversity 121, 122 
- -, temperatures 59, 119, 120, 127, 129 
- -, trophic basis (framework) 149, 156, 

157 
Levantcoast 59,121,123,129,130,133,149, 

154, 156 (see also Levant shore) 
Levant Sea, see Levant Basin 
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Levantshore 123--127,130--133,136,149, 
156 (see also Levant Basin) 

- -, eore area of Lessepsian migration 
123--127 

- -,eurrents 124,125 
- -, Lessepsian migrant populations 

149, 154 
- -, saline stratifieation 127 
- -, shelf 123, 124 
- -, species 129, 130, 133 
- -, temperature 59,125 
- -, tide 124 
- -, trophie niehe 156 
"Levantine nannism" 123 
Libya 114,122, 157 
Little Bitter Lake, see Bitter Lake, Suez 

Canal 
littoral 60, 72, 77, 80, 82, 124, 147 
Louis XIV 39 
low salinity 18, 118, 126, 127 
"low salinity" barrier 127 

Dlaerobenthos 38, 121 
-, biomass values 121 
maerofauna 142 
Makhjumi (Arab eneyclopedist) 28 
Malta 100, 129 
mangroves (ofSouthern Sinai) 83,84 
- aerial roots 84 
- lagoons of Nabq 83 
-, salinities 84 
Manyeh Straits (Pleistoeene) 168 
Mauritanian fauna 13 
mediterranean basins and seas 2, 4, 5, 12, 

17, 122, 155, 165 
Mediterranean Sea 15--20, 116-123, 

157-165 (see also Eastern Mediter­
ranean, Levant Basin) 

-, advance of Lessepsian migrants 150, 
151, 152, 155 

-, African coast (shore) 116, 127 
-, autoehtones, see Mediterranean loeal 

speeies 
- basins 116, 122 
-, benthie invertebrates 122, 153 
-, benthos 123 
-, bioeoenoses 123 
- biota 2 
-, biotie relationships 140 
- eoast 89, 147, 157 
- -, oil terminals 157 
-, colonization of 73 
-, date of settlement (ofLessepsian migrants) 

128 
-, Eastern 15-20 
-'----, emergence into 129, 134, 136, 149 
-, endemie speeies 122,163 

Mediterranean 
-, expansion of migrants 154 
-,fauna 10,14,24,87,122,153-155,159 
-, faunal inventory 153 
-,- movements 47,157-165 
-,fish 88,140,141,158,162 
-, habitat (new) 162 
-, immigrants 162 
- -Indo-Paeifie distribution 153 
-, influx of Lessepsian speeies 155 
-, intertidal belt 147 
-, - species 80 
-, invaders in 140 
-, Israel eoast 89, 147 
-, - trawl eatehes 144 
-,lagoons 141 
-, Lessepsian migrants 147-153 (see also 

Medit. reeord of distribution) 
-,- populations in 140,141 
-, Levant Basin 116--123 
- - coast 59 
-, level bottom maerofauna 142 
-, loeal speeies, see Medit. speeies 
-, mieroplankton 87 
-, migration rate into 131,136 
-, Nile water into 126, 127 
-, nutrient depletion 116 
-, nutrients (lowest values) 120 
- origin (of speeies) 84 
- Pleistoeene 18 
-, populations 140 
-, pre-Lessepsian settIers 132, 133 
-, primary produetion (lowest values) 120 
- provinees 129 
-, reeord of distribution (of Lessepsian 

migrants) 91-115 
-, reproduetion in 147 
-, saline stratifieation 19 
-, salinity(ies) 116, 157 
-, sea level 39,61 
-, Sinai eoast 133 
- speeies 25,62, 75,84, 138, 140--143, 

146--149, 153, 158, 162-164 
- -, immigration of 75 
- -, invading 128 
- -, migrating 131,136 
-, - reported in 129 
-, subregion within 122, 154 
-, temperatures 57, 59, 116, 117 
-, tide 55 
- water 59, 61 
-, Western 15-19,87,88,94,97,109-

111,116,120--123 
-, -, endemie speeies 122 
-, - nitrate (N03) values 120 
-, - speeies diversity 121 
-, -, temperature 17 
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meiobenthic, meiobenthos 31, 148 (see also 
benthic) 

M elanopsis fauna 11 
Menzaleh (lock) 99,102 [see also Lake 

Manzala (Menzaleh)] 
meroplanktonic larvae 77 
Mersa Matruch 98, 105 
Mersin Bay (Gulf of Mersin) 96, 104, 106, 

107, 112, 121, 124, 129, 132, 145 
- -, benthic biomass 121 
Messinian (salinity crisis) 11, 12, 15 
metahaline, "metahalinicum" 2,73,75-77, 

82~,139 
- conditions 76, 84 
-, definition ofterm 82 
- environments 82--86 
- species 73, 75, 82, 83 
- waterbodies 84 
microplankton 87 
Migrant biota 87-170 (see also Lessep­

sian migrants) 
migrants, see Lessepsian, anti-Lessepsian, 

pre-Lessepsian 
migration, see Lessepsian, anti-Lessepsian, 

pre-Lessepsian 
-, unidirectional 1, 90, 157 
migrational phenomenon 128, 157 
Mikhmoret 92,93,96,124,125,147 
-, intertidal zonation pattern 147 
Miocene 2,7,9-15 (see also Messinian) 
- fauna 11 
monophagous, monophagy 139 
Mons Cassius (Ras Burun, EI Kais) 34, 35 
Mount Carmel, see Carmel 
Museri Island (S. Red Sea) 22, 162-164 

(see also Dahlak) 

Nabq (Nabek) 83 [see also mangrove 
lagoons (southern Sinai)] 

Nahal Alexander 144,145 
Nahal Yam (Mitzfaq, Misfaq) 34 
Nahariya (Naharia) 97 
Naples (Bay of, Gulf of Naples) 89,91, 115, 

133 
Napoleon 30,39 
Nasser Project 46 
Necho (Pharaoh) 29,30 
Nefiche, Pools of 44 
nektonic 81 
neritic 22, 36 
Netanya (Nathania) 99, 124 
niche 7, 140, 142, 143, 148, 166 
- competition 142 
- conquest 140 
- occupation 148 

Nile River 2, 10, 14, 15, 19,20,24,25,27-
29, 30, 32, 35, 39, 41, 42, 44, 51-53, 56, 
59,61,62, 118-121, 123 -127, 154, 156, 
157, 165 

- barrages 61 
- blooms 127 
- branches 24,27,29,30,53,126 
- currents 125 
- dams 52, 56, 125-127 (see also Aswan 

High Dam) 
- Delta 24,25,28,30,32,39,39,41,42,53, 

118, 121, 123, 125, 127 
- flood regime 24 
- floods 24,27,28,32,35,51,59,61,119, 

125,127 
- -, annual discharge 125,126 
- flow 2, 53, 56, 61, 62 
-, fluviatile deposits 24, 121 
- inflow (influx) 59, 154, 156, 157 
-, nutrient rich deposits 121 
- rise 56 
-, sediments (deposited by) 15, 123, 124 
- species 25 
- terraces 24 
- valley 10,14 
- waters 25,27,42,52,56,59,61, 121, 125, 

126, 127, 154 
- -, damming of 119, 126 
Nord-Ostsee Canal 165, 166 
North Sea 165, 166 
North Sinai (Mediterranean coast) 24, 116, 

119, 123, 144 
Northern Red Sea, see Red Sea 
nu trients 50, 116, 120, 121, 156 
nutrition, endosymbiotic 156 

oil pollution 46,62,63,74, 76, 157 
old canals 29,30,91 
Oligocene 14 
"one jump" migration 71, 128, 131 (see 

also passive transport) 
organogenic rock-platforms 124 

Pacific Ocean 21, 159, 164-168 
Palaeomediterranean 11,13-15,17,18 
palaeontological 21,30 
Palaeontology 3 
Palermo 113 
Palmahim (Yavne Yam) 92, 124 
Panama Canal 165, 167, 168 
- -, freshwater barrier 167 
- -, system oflocks 167 
parasitic species 90 
parasitofauna, parasites 34,84,90, 127, 140, 

141 
parasitology, comparative 140, 141 
Paratethys 10-12 
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passive dispersal 3 
- transport 1,71,88,89,91,125, 129, 130, 

134, 137-139, 155, 162-164, 167, 168, 
170 

pathogenic (effect of the parasites) 140, 141 
pelagic 78,127, 131, 139, 141, 142 
Peloponnesos 130 
Pelusian branch 24, 25, 27, 30 (see also Nile 

branches) 
Pelusium (Bahr Beni Menaga, Tel Farama) 

24,25,28-30,32,95 
-, Gulf of (Gulf ofTina) 24,95, 123, 127 
Persian Gulf 22,66,82-86,91,93,96,98, 

100--104,107,110,113 
- -, biota 86 
- -, metahaline environments 82-86 
- -,sabkhas 66 
- -, salinities 22, 83, 86 

-, temperatures 83 
phytal 80 
phytoplankton 90, 127, 131, 156 
- blooms 127 
- counts 127 
- organisms 131 
plankton, planktonic 4, 22, 30, 36, 49, 50, 

71,74,77,78,87,121,123,125,127,134--
139, 156, 157 

planktonic algae 127, 134 
- Copepoda 49 
- "epibenthic" organisms 77 
- Foraminifera 19,23 
- larvae 71, 77, 78, 125, 137, 139 
planktotrophic larvae 139 
plant associations 69 
- communities 80 
- detritus 124 
"Plant Zones" 69 (see also Bitter Lake) 
plate tectonics 10 
Pleistocene 2, 4, 14, 15-30, 155, 156, 168, 

169 
- adaptations 2 
- bio ta 4 
- faunal movement 4, 158 
- fluctuations 4 
- glaciations 4 
- history 20, 23 

Mediterranean 18, 155, 156 
- "pulsations" 5, 155 
- Red Sea 23 
- salinity 4 
- temperature 4 
Plinius 35 
Pliocene 10--14,17,19,20,24 
- fauna 13 
Pluvial 19, 21 
Pola (ship) 47,56,62 

pollution 3,47,62,63, 74, 76, 147, 157, 165, 
170 (see also oil pollution) 

Port Said 24,25, 34, 41, 42, 44, 48, 51, 52, 
55-58,61,71-73,78,90--115,123-127, 
133, 154, 163 

- - harbour 61,91,115 
outlet, structure of 154 

- - pier 154 
- -, salinity 58, 61 
Port Suez 52,93,94 
Port Taufiq 52, 76,92,93,95, 102, 103, 109, 

161-163 
Postglacial 2,4, 18, 165, 
- faunal adjustments 4 
Postpleistocene 24--30 
preadaptation 3, 76, 82, 86 
"Pre-Lessepsian" 15,30-34,38,88,92,95, 

132, 133, 141, 162, 165 
-, Isthmian connections 141 
- migrants 30-34, 168 
-, shipping canal 165 
primary production 50, 120, 127, 156 
"propagula" 148 
Ptolemeus II Philadelphus 30 

Qantara (Kantara, EI Qantara) 30, 55, 72, 
93-95,100,109,111 

Qishon estuary (NahaI Qishon, Kishon) 78 
Qoseir (Kosseir, Quseir) 14, 108, 162 
Quaternary 14,20,21 

radiocarbon dating 14,20,21 
Rafiah (Rafah) 103 
Ramses II (Sesostris) 29,30 
Ras el Esh (Ech) 55, 94 
Ras Matarma lagoon 83 
Ras el Misalla 59 
Ras M uhammad 160 
Ras es Sudr 59 
Red Sea 20-24,82-86, 157-165 (see also 

Lessepsian migrants) 
- -, basin 21 
- -, bio ta 2,84,158 

-, boulders 78 
- -, coastal shallows 86 
- -, colonization of 160,162 
- -, currents55 
- -, endemic species 22,158 
- - entrance 57 
- - fauna 22,24--26,73,80,87,158 
- - faunal movements 47, 157-165 
- -, fish fauna 22 
- - fishes 48,89,141,157 
- - graben 10,14 
- -, hot brines 21, 22 
- - immigrants 48, 123, 142, 147, 154 
- -, intertidal species 80 



226 Subject and Geographical Index 

Red Sea, lagoon environments 83 
- -,lagoons 60,141 
- -,littoral 60, 78, 80 
- -, metahaline environments 82-86 
- - - fauna 73 
- -, microplankton 87 
- -, migrants 7, 48, 88, 131, 154, 158 
- - monogeneans 140 
- -, Northem 15,52,57, 59,62,80,83, 

89,91, 107, 162 
- -, -, lagoons 80, 83 
- -, -, temperatures 57, 83 
- -, nutrient-poor environments 156 

(see also coral reefs) 
- -, open waters 59, 71 
- - organisms 156 
- - origin (species of) 31, 36, 38, 136 
- -, parasitofauna 141 
- - Pilot 53, 56 
- -, Pleistocene 4, 20-24 
- -, populations 34, 155 
- -, primary production 156 
- -, record of distribution (of Lessepsian 

migrants) 91-115 
- - Rift 1,20 
- -, role of radiolaria-zooxanthellae 

system 156 
- -, salinity(ies) 21,23,56,60,83,86 
- -, sea level 22, 29, 39, 53, 61 
- -,sharks 78 
- -, sheltered areas 79 
- -, shores 83 
- -, Southem 15, 22, 52, 87, 88, 92, 94, 

102, 162, 163 
- - species 25,32, 72, 73, 78, 81, 82, 84, 

87, 88, 90, 132, 136, 140, 146, 149, 156 
- -, temperatures 21-23,57,59,83 
- -, tides 39, 53 
- -, zooplankton 156 
reefs, see coral reefs 
relict 9, 11, 19 (see also Tethys relict) 
reproduction 3, 7, 38, 81-82, 137, 139 
"restriction" in fauna (of the Persian Gul) 

86 
Rhodes, Island of 12, 18,91,92, 104--108, 

118, 129, 130, 132, 133, 136, 137 
ridge, see Carmel, Guisr, Shallufa 
rift 1, 14, 15,20 
Rift Valley 18 
Riss glacial 18, 19,21,24 
Rosh HaNiqra 18,91 
Rosetta 24, 128 (see also Nile branches) 
Rubin (Nahai Soreq) 123, 144--146 

"Sabkhas" (salt swamps) 12, 15, 35, 44, 66, 
82 

Sabkhat el Bardawil, see Sirbonic lagoon 

salt swamps 35, 42, 46 
Samos, Island of 107,132 
Santorin, Island of 110, 132 
Scilla (ship, Italian) 162 
Sea of Cikladhes 132 
Sea of Crete 132 
sea-floor spreading 15 
sea level 17-19, 22, 24, 25, 27, 29, 30,39, 

52, 55, 61 (see also eustatic) 
sea-Ievel Panama Canal 168, 169 (see also 

Central-American) 
Sebennitic branch 25 (see also Nile) 
Senegal 159, 164 
"Senegalian" fauna 12, 13, 18-20 
Serapeum 27,44 
sessile 3, 74, 139 
Shallufa 24, 46, 53, 63, 70 
"Sharm" 82 
Sharm esh Sheikh 161 
shipping canals 2, 3, 32, 63, 88, 165 
Shiqmona (Shikmona) 102,147 
shrimp, commercial 143 
Shura el Manqata 161 
Sicilian species 17 
Sicily 17, 19, 98, 99, 116, 121, 122, 129, 136 
-, straits of 17, 19, 122 
Sidra, Gulf of 116 
"Sidra Sea" 116, 154 
"sieving channel" 84 
"sieving funnel" 6 
similarity-dissimilarity relation 153 
Sinai Peninsula coasts 20, 24, 34, 57, 76, 

83-85,88,93,109,110,116,119,123,130, 
131, 133, 146, 162, 164 (see also Mediter­
ranean, Red Sea, Gulfs of Elat and Suez, 
North Sinai) 

Sirbonic Lagoon (Bardawil Lagoon, Sabkhat 
el Bardawil, Sirbonis) 24,27,32,34--38, 
57,64,66,84,90-104, 123, 12~ 127, 131 

- -,area 34 
- -, benthic organisms 36 
- -, bio ta 35 
- -,depth 34 
- -, fauna 32, 36, 38 
- -, fish (commercial) 38, 84, 140 
- -,flora 36,38 
- -, high-salinity areas 36, 38 
- -,hydrography 35 
- -, level bottoms 38 
- -, migratory element 38 
- -, Nitrate 36 
- -,opening to the sea (Boghaz) 34--37 
- -, Oxygen 36 
- -::-, Phosphate 36 
- -,plankton 36,78 
- -, salinity(ies) 35-38 
- -, sand shoals 64 
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Sirboruc Lagoon, shelf off 123 
- -, shoreline (Levant) 127 
- -, Silica (Si02 values) )6 
- -, species (benthos) 36, 38, 131, 157 
- -, temperature(s) 36, 57 
Sivash 77 
size of animals in the Suez Canal 81-82 
South Africa 110, 159, 160, 164 
Southern Red Sea, see Red Sea 
South-West Asiatic barrier 9-15 
species displacement 140 
- diversity 75, 76-80, 83, 121, 131, 146, 

155,170 
species-pairs 7-9,47, 142, 149 
- -, vicariant 8, 9 
stenohaline, stenohalinity 22,32,36, 139, 

156, 169 
"step by step" advance 71, 131 
Strabo (historian) 27-30,35,39 
successional phenomena 6, 73, 74, 76 
Sudan 112,159,162 
Suez, see Isthmus of Suez 
- 76,91,92,94, 105, 157-164 
- harbour (port) 76,94, 105, 158 

lagoons 45, 158, 161, 162 
- refineries 157 
-, salinities 59 
Suez Bay, see Bay of Suez 
Suez Canal 39-86,165,166 (see also Bitter 

Lake, Lake Timsah) 
- - animal populations 71 
- - as filtrating funnel 6, 7, 71 

- as habitat 70 
- - aslink 87 
- - as pathway (passageway) 6, 70, 81 
- - as "sieving funnel" 6, 84 
- - banks 63,64,74 
- - biota 2,44,48,49,62,70-71,73, 

75, 76, 80, 131, 135 
- -, bottom of 46,63-70,74 
- - -, siIting 64 
- -, building of 32,35,39-47 
- -, chemical data, chemistry 47-50 
- -, clearing operation 47, 63 
- -, closure of 39,46 
- -, colonization of 71, 72, 76, 140 
- - Company, see "Compagnie" 
- -, conditions 2,52,158 
- -,currents 50-56,62,64,71 
- -, deepening of 63 
- -, density calculations 51 
- -,depth 41,42 
- -, dredging 46,63,75 
- -, edaphic conditions 79 
- -, emergence of species from 131 
- -, entrance 57, 62, 76, 77 
- -, environment 2, 71, 79, 81, 128 

Suez CanaL estuarine fauna 73 
- - fauna 73, 75-78, 80, 86, 130 
- -, fish fauna 71-73, 76, 78, 81 
- -, flooding of 25, 66, 68 
- -, Great Bitter Lake, see Bitter Lake, 

Great Bitter Lake 
- -, hard substrate 64 
- -, high-salinity waters 51,82 
- -, history 62 
- -, history of population 71-76 
- -, history ofresearch 47-50 
- -,hydrography 48--63 
- -, hyperhaline fauna 73 
- -, hypersaline environment 80 (see 

also Great Bitter Lake) 
- -, intertidal 80 
- -, isohalines 57 
- -,lakes 28, 77-80 
- -, larvae in 81,95,97 
- -,length 41 
- -, LittIe Bitter Lake, see Bitter Lake 

-, marine-metahaline environment 77 
- -, migration through 1,4, 8, 34,47, 

88-90, 139, 158, 162-164 
- -, navigational depth 46 
- -,opening 83,138 
- -, - of 15, 20, 30-32, 46, 49, 78, 87, 

88, 122, 123, 157, 162 
- - outIet 45, 129, 131, 133, 158, 162 
- -, physical description 41 
- -, - features 39-47 
- -, "phytal fauna" 80 
- -,plankton 36,77,78 

-, pollution 62, 63 
- -, population of 64, 71-76, 82, 128 
- -, preadaptation to conditions 82, 158 
- -, record of distribution 

(of Lessepsian migrants) 91-115; 
(of anti-Lessepsian migrants) 159-161 

- -, reproduction of animals in 81-82 
- -, salinity(ies) 47-51,54,58-62,73-

82, 127 
- -, scientific research 49-50 
- -, sediments 63, 64, 79 
- -, service channel 71 
- -, settIing of benthic animals 64, 74 
- -, - of Red Sea species 82 
- -, shallowness 78 
- -, shipping lane 3 
- -, shores 44 
- -, siIting up (no indication 01) 41, 51, 

64 
- -, sizes of animals in 81-82 
- -, species 38, 76, 82, 84, 86, 90, 129-

131 
- -, - diversity 75, 76-80 
- -, - of Red Sea origin 136 
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Suez Canal, sueeessful migration into 83 
- -, sueeessional history 76 
- - system 44,51, 56, 59, 62, 74, 77 
- -, temperatures 50, 51, 54, 56-59, 77 
- -, temperature/salinity relation (T /S) 

51 
- -, tidal eurrents 39,47, 51, 53 
- -, topographieal features 46 
- -, vegetal populations 71 
- -, water plant population 74 
- -, widening projeet 63, 74 
- -, width 46 
- -, winds 51,52 
- -, works 42,46 
Suez, Gulf of(see also Bay ofSuez) 4,14,15, 

23,24,27,33,39,41,44,46,47,51,53,55, 
57-59, 76, 83, 84, 86, 91-115, 141, 157, 
158, 160--164 

- -, environments 83 
- -,lagoons 45,164 
- -, northem end 83, 86 
- -, saline basins 23 
- -, salinity(ies) 23,51, 58, 59, 83 
- -, Sinai eoasts 84 
- -, speeies diversity 83 
- -, temperatures 51,57, 83 
Suez Isthmus, see Isthmus of Suez 
Suez-Mediterranean (SUMED) pipeline 

157 
supralittoral 147 
symbiotrophie speeies 157 
"swimming erawling" stage 78 
Syria (eoast) 10, 97, 98, 101, 105, 106, 108, 

113, 123-125, 129, 131 
Syro-Afriean rift movement 14 

Tadjourah Bay 164 
"take off' areas 90, 131 
Tanitie braneh 24,25 (see also Nile 

branehes) 
Taranto, Gulf of 107, 136 
Teetonie 10, 15--20, 22, 24, 30 
Tel Aviv 102,124,126 
Tel Farama, see Pelusium 
Tertiary 14,96 
Tethyan region 10, 14 
Tethys Sea 9-15, 32, 92 
- fauna 11, 12 
- reliet 9, 32, 92 
Thol" (ship, Danish) 116 
Tileman Stella, map of(16th Century) 35 
time-distance analysis 128-134, 154 (see 

also Lessepsian migrants) 
time-stability 155 
Timsah, see Lake Timsah 
Tiran Island 14 

Tirion and Loveringh, map of(18 th Century, 
Amsterdam) 35 

Tobruk 105-107 
Trajan 30 
transport, see passive transport 
trawl eatehes 142-144 (see also Israel 

fisheries) 
Tripoli 157 
trophie niehe 156 
tropical 7,9, 11-13, 19,20,31,83,87, 163 
- fauna 11, 83 
- reef fauna 11 
tropieopolitan speeies 87, 164 
Trueial Coast (southem Persian Gulf) 83 
- - lagoons 83 
Tumilat, see Wadi Tumilat, Nile branehes 
Tunisia (Tunis) 31,95, 106, 108, 113, 115, 

116,121,136,137,154 
turbidity 46, 77, 78, 83 
Turkey 100 (see also Mersin Bay) 
Tyre 100 
Tyrrhenian Sea 17-19,24 
- fauna 17,18 

unidireetional migration (through the Suez 
Canal) 1,90, 158 (see also Lessepsian 
migration) 

vegetal 69,71 
vegetation 44, 66, 72 
vertieal migration 78 
- stratifieation (of Levantine water masses) 

119 
viearianee, vieariant 8,9, 154 
Volga-Don Canal 165,168 

Wadi Tumilat 24,25,27,28, 30, 32,42 (see 
also Nile branehes) 

warm-water fauna 17, 18, 132, 168 
Weimar map (15th Century) 28, 35 
Weiland Canal 165, 166 
Western Mediterranean, see Mediterranean 
westward migration, along Afriean shore 

127 
wind(s) 51-53,55,57,69, 124 
wind direetions 52 
Würm glaeial 17, 19-22,24,83 

Yavne, see Palmahim 
Yemen 92 

zoobenthos 38 
zoogeographieal, zoogeography 3--8, 9-

15,24,56,57,59,71,82,120,122,128,132, 
140, 153--157, 163--167 

- analysis 71, 128 
- barrier 6,7,9-15,24,56,57,59 
- provinees 6-8, 153, 164 
zooplankton 156 
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