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To the Memory of my 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 of the 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 of the 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.Goharin Egyptand W. and H. Steinitz (father and son) in Israel.

For an ephemerous moment in 1951, Gohar, Steinitz and two other promoters
of Suez 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 of the 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 of Professor 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 of veneration 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 of the invasion of the 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 of my involvement with this subject over many years. It 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 especially grateful for the critical reading,
typing, and checking of Miss I. Ferber; for the opportunity given to me by the late
Professor H. Steinitzand 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 finally, 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 term “Lessepsian migration”,
which is as yet of only limited circulation. The term was coined (Por, 1969a,
1971b) 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
modern 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 Eastern Mediterranean. It does not
include migrational happenings which occurred through passive transport to
harbors far from the Canal; nor does it include the rather isolated cases of
migration in the opposite sense: from the Mediterranean to the Red Sea. Finally,
it does not include 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 clarified 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 includes 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 final 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 of the 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 of the 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 of the Eastern Mediterranean biota as a function of
the present environmental conditions of this sea. .

3. The Suez Canal is, generally 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, of which
over 200 are listed, are presently concentrated along the Levant Coasts. Fishes
and decapod crustaceans, as well as a few molluscs, 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
of movements) through other existing interoceanic shipping canals.

The reader who expects to find an analysis of Lessepsian migration along the
lines of modern 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 Lessepsian
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 fully exploited to provide some working hy-
potheses for a process which commenced just over one century ago.
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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 of the 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 Mercierella enigmatica (Polychaeta)!
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 will lie on the natural dynamism
of the spreading phenomena, some of which include, however, some passive
dispersal.

! Zibrowius (1973) recently questioned the alleged worldwide distribution of this species.
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In zoogeography, as well 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 of biota 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 defined 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), Pérés (1967), Pusanov
(1967), and Por (1975a). These are slow decennial advances of littoral 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—Ilike 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 of two 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 (1971b) 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 Banérescu and Boscaiu (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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'_‘D Calduprer and low saliml?u bicta —
Recruitment areas, refugia and directions of spread

_‘ Warmwaler and high salinity biota
Recruitment areas, refugio and directions of spreod

{Temp. ond sal. differences are considered in relation
to the present hydrological conditions of the respective

Fig.1. Alternative pulsations of glacial versus interglacial faunal elements in 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 our “noosophere”, the human-dominated biosphere.

In the field of zoogeography such chances are also reduced. However, some
catastrophic or sudden events of major zoogeographic dimensions and/or 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
perfect 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 partial loss of a great research opportunity.

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

Generally, however, such extreme annihilations are exceptions to the majority
of zoogeographic 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 hermetic the zoogeographic
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 zoogeographical pattern of a given part of
the globe. Barriers break down as a result of geological changes in the earth’s
crust, or major climatic or oceanic changes which modern 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 which can be studied.

There is a gradation in the degree of tightness of the zoogeographic barriers.
According to Udvardy (1969, p.18), the topographic, physical barriers “affect
most animals by their ecological unfitness to support the dispersing pioneers”.
This is the most impenetrable type of barrier 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 hermetic 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 zoogeographic meth-
ods”.

When a land bridge through the emerging Central American Isthmus was
established between the two Americas, the faunal interchange was not unhin-
dered. Using Simpson’s (1965) household word, a “filtrating bridge” resulted,
which as a paraphrase to Udvardy (1969) is ecologically able to support only
some of the dispersing pioneers. The Suez Canal is an aquatic replica of the
filtrating bridge: a “sieving funnel” through which 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
biotic assemblage of the Bitter Lakes—the main environment of the Suez Canal—
has progressed through typical 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 biotic associations themselves—being more or less
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penetrable to competing immigrants—may serve as additional plugs in a funnel.
For Udvardy, evidence of this type of barrier is circumstantial. In the case of the
Suez Canal, its role can be better substantiated.

The direction of the movement through the zoogeographic pathways of the
filtrating bridge is another problem. The interchange between two provinces is
always unequal: the influence of one province on the other is stronger; one taxon
might spread better in one sense, another may be more successful in another. In
the well-known case of the two Americas the mammals of North America spread
with numerous species over almost all of South America, whereas the mammals of
South America had only a numerically and geographically limited success in
North America. The result was a predominant invasion of the Nearctic fauna into
the Neotropic region. Darlington (1959) explains these one-sided invasions in
general terms as the result of a competitive advantage of the dominant biota
which evolved in the large zoogeographic unit (with warmer and more stable
conditions) over those of the small one (in this case the Darlingtonian Megagea).

In the case of the Suez Canal, the donor of almost all of the migrating species
is the tropical Indo-West-Pacific region—the biggest and qualitatively richest of
all the marine zoogeographical regions.

Following the work of Andrewartha and Birch (1954), it is well accepted that
every species has an “innate tendency towards dispersal”. Leston (1957) reiterates
this notion and speaks of a specific “spreading potential” of every animal family.

The success of a migrational advance is not determined only by ability to
jump the hurdles of the filtrating bridge but also by the ability to find a niche in
the new ecosystem, and to maintain it through successful reproduction. Many
factors and components are covered by the term “niche”, but its accepted mean-
ing being an interspecific web of relations, even if it is indirectly, though no less
fatefully, determined by the abiotic ecologic valences of the competing species.

In the case of the Lessepsian migration—unlike the example of Krakatau—
the new environment was not virgin and empty but inhabited by an ecosystem
with a certain amount of environmental resistance and a limited selection of
empty niches. The phenomenon is further characterized by the fact that not only a
few hardy migrants crossed from the Red Sea to the Mediterranean, but hundreds
of species, frequently perhaps whole sections of an original food web; so that
nothing like the Eltonian explosive populations of invaders could be witnessed.

Since the separation of the Mediterranean from the Indo-West-Pacific is as
old as the Miocene period, there were extremely few species pairs present on both
sides of the Isthmus of Suez. This is a basic difference from the case of the
geologically much younger Central American Isthmus. Because of the lack of
congeneric pairs, there was and probably is no direct competition between ab-
origines and invaders. Following the more recent statements of Schminke (1973),
congenerity means similar feeding mechanism and requirements. In the case of
Lessepsian migration, to the extent to which the presently recognized taxonomic
genera in different families are reliable, one cannot expect many instances of
direct competition for the same position in the food web.

The genetically isolated emigrant diasporas, living under different abiotic and
biotic 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 zoogeographic province, but also of the evolutionary
consequence of this—the appearance of vicariant (i.e. zoogeographically replac-
ing) species which can be monitored.

The Lessepsian migrants are near-ideal cases for what Mayr (1965a) calls “pe-
ripheral isolates”. These isolates, connected to their parental populations only
through the gene trickle via the narrow Suez Canal, are prone to undergo major
ecologic shifts leading to speciation.



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 of the articles by these authors, one finds 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 follows: “... 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-of the 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
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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 of the 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-
tion 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 of the Mediterranean towards the east occur?
To geologists, the Mediterranean is something of a puzzle: “It has the physio-
graphic 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 of Mediterranean 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 of the 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 “Palacomediterranean” 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 (1966 a) of the Miocene Saqiye beds of Israel indicates a tropical reef
fauna in the late Middle Miocene (Tortonian) and especially the presence of the
tropical foraminiferan Borelis melo curdica (Reichel) (Reiss and Gvirtzman,
1966b). 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 ago 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 ago) probably isolating in part
the Mediterranean from the Atlantic. Ruggieri (1967) was the first to suggest that
towards the end of the Miocene, the Palacomediterranean lost its contact with the
Atlantic. The Mediterranean basin was transformed in a series 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 Melanopsis faunas
in the western Mediterranean, would be contemporaneous with the Messinian
(Upper Miocene) regression in the eastern Mediterranean (Reiss and Gvirtzman,
1966 a). This would have to be considered primarily as a result of the northward
movement of the 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 (1973b) speaks of “periodic
drying ... and transformation in a series 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 of the 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-lake or several closed evaporative basins, in the
Messinian Mediterranean. Of much interest to our subject is the finding of C.
pannonica in the core 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 result, during the Late Miocene the whole Mediterranean was the site of
salt swamp conditions reminiscent of the African “schotts” or the Arabian “sab-
khas”. Layers of evaporative salt 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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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 small. 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 of temperate 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 a period 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-
enclosed Mediterranean (Benson and Sylvester-Bradley, 1971). This change set
the scene for the Pleistocene environmental fluctuations of this 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 northern end of the
Red Sea was open to the Mediterranean only until early Quaternary 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 deposition, 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 (El 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 Kiihn
(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 Séas
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 first influx of Indo-Pacific 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 of Moshkovitz (1968) the Eastern Mediterranean and especially the Levant
basin were a periphery of the Western Mediterranean.
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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 well 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 II as
in Zeuner, 1959) show an influx of warm 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 well 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 well 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 Wiirm (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 hydrographic conditions were too extreme; in-
deed they did so. i

In the Calabrian and Sicilian species there is a concomitance of “Celtic”
molluscs of the Arctica islandica association with Pliocene Paleomediterranean,
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Fig.7a 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 of Western 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 5m. 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 Jordan—-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 of the 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 Hanigra
(Israel),at a 4+ 5 m level (Moshkovitz, 1968) (Fig.6).



The Pleistocene of the Eastern 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 foramini-
feranshells (Parker, 1958; Reiss et al., 1971). The dating goes back to the Riss-Wiirm
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
of the 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. Following
the results of the “Albatross” (in Petersson, 1957) Pfannenstiel reaches the conclu-
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 runoff
during the glacial-pluvial period. In the subsequent Wiirm 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 of the changing runoff regime of the 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 higher 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 climax was upset by the Wiirm glacial. After its first part
(Wiirm I) there was eventually an improvement and a return 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 (Wiirm IT and III) followed close one after another and the “Sene-
galian” molluscs characteristic of the Tyrrhenian phase disappeared. Pérés (1967)
suggests that some species characteristically found in the southern and eastern
parts of the Mediterranean, such as the snails Fissurella nubecula, Cypraea lurida,
Purpura haemastoma and Mitra fusca and the decapods Salmoneus jarli, Athanas
amazone, Micropanope rufopunctata, Maja goltziana, and Pachygrapsus transver-
sus arerelicts 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 Wiirm glacial.

There is almost 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 exclusively 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 closer look at the Pleistocene of the Isthmus of Suez
in order to understand 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! species of molluscs which have already invaded the Eastern 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 a reversal 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
of the Pliocene, had an equally agitated Pleistocene history—along different lines,
however.

The movements which 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 47704 140 years, (Friedman, 1968).
Hume (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.

! Note added in proof: More species are added to the list by Barash, Al.,, 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 of Bab 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.
Emery et 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 of these 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 place this brine basin in pre-Quaternary times. The
latest data of DSDP (see p. 15) give full suppert 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 modified
version.

Emiliani (1961) summarized the then-known data about the amplitude of
Pleistocene climatic cycles at low latitudes. Based on O'® 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-
Wiirm Interglacial to recent times—was obtained by micropaleontologists study-
ing cores of the hot brine area. Hot brines of up to 56.5° C and a salinity of 257 %o
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, O'8/O'¢ ratios for paleo-
temperatures were analyzed as well as some microchemical data.

The results indicate that between 80-50,000 BP, a period roughly extending
between the Riss-Wiirm or Eemian Interglacial and the early Wiirm 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 O'® 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%., 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 of the Upper Pleis-
tocene. There are few indications that a true cold-water assemblage ever ap-
peared. Only for the coccolithophorids is there an indication (Mclntyre, 1969) that
during the height of the Pleniglacial (20-10,000 BP) cool-water species like Umbili-
cosphaera mirabilis and Cyclolithella annulus appeared. As for the salinity it
reached such high values in late Wiirm 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.

Itis interesting to remark (see Berggren, 1969) that the uplift of the coral reefs
on the Island of Museri, 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—can be ex-
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plained by survival under conditions of near-isolation and the stress of extreme
environmental fluctuations (Klausewitz, 1968; Por, 1973b). According to Klause-
witz, 10-18% of the fish fauna is endemic and similar rates of endemism are
reported for the Decapoda and Crinoidea.

If we consider that the gradient of increasing salinities and decreasing temper-
atures from Bab el Mandab to Suez which exists today was present and even more
marked in extreme glacial conditions, then we have to seek the representatives of
the most adaptable fauna and flora in the Gulf of Suez (Por, 1973b). According to
Morcos (1970), salinity increases by 4% for the 16° of latitude of the main Red Sea
and a further 2.5%o0 (or even 3%o mihi) for the 2° of latitude of the Gulf of Suez.

Nothing precise is known about the Pleistocene 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 hypothetically drawn by Por (1971b) 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 of the 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 assume
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 of the depositional activity of the 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, what 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
a northeastern 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 of the 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 of the eustatic sea levels.
Nile terraces indicate a +35m 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-Wiirm 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 assume 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
(435 m!), in the Riss-Wiirm a narrow section of a few kilometers around El Guisr
and El 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 interglacial levels might have been only around 20-30 m
above the present main sea-level.

The drying-out of the Eastern Delta branches can be followed historically.
This is especially the case in the Pelusian branch. Judging from the history of the
town of Pelusium (Tel Farama) situated at the opening of this 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 of Bahr Beni Menaga in the data of the Arab geographer 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 18641865 and the study on the Pleistocene subfossil
molluscs collected on the Isthmus by Issel (1869) and Fischer (1870). In the
Pleistocene sediments of the 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 Ostrea forskalii. 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 follows: the Mediterranean species
extend over the Isthmus southward to El 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 El 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 of the Great Bitter Lake and exclusive in the Little Bitter Lake.

The most obvious interpretation of the 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. The
Pelusian 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 geographer 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 of recent 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 70km of the
present Isthmus (Fig. 10). _

Krukenberg (1888 a) maintains, based on data from Strabo, that at the time of
the biblical exodus (13th Century B.C.?) the Red Sea still reached the Serapeum,
i.e. 58 km north of its present shore, and that by 500 B.C. 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 several layers
of salt and marl 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.C. 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.C.)
are some 2 m below the present level of the 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 well as
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Fig.10. Isthmus of Suez at the end of Flandrian transgression (from Por, 1971b)

the reasons for the lack of tides in the Mediterranean versus the relatively high
tides of the 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 A.D. Sneh et al. (1975) maintain that
during the 1st Century A.D. 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 returning
Mediterranean only in 961 A.D., 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 history 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, 1971b)

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.C. and started near Arsinoe (Suez of today) “in
that recess of the Arabian Gulf which 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.C,, the pharaoh Necho made an attempt to reconstruct
the canal which had probably fallen into disuse, but was afraid of the supposed
sea-level 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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Strabo—does 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)]. 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 II 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 filled 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 canal locks 3 m above the present sea level.
The engineering efforts of two millenia were thus concurrent with considerable
sea-level changes or tectonic uplifts.

1.5 The Problem of the 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 if we 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) ie. 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.

. Acanthophora Delilei (Algae) Aleem (1948), Gohar (1954)

. Halophila stipulacea (Cormophyta) Pérés (1967); Por (1969a)
. Ciripathes spiralis (Antipatharia) W. Steinitz (1929)

. Eurythoé complanata (Polychaeta) Fauvel (1955)

. Dasychone cingulata (Polychaeta) Fauvel (1955)

. Pinctada radiata (= Pteria occa) (Mollusca) Por (1972)

. Pirenella conica (Mollusca) W. Steinitz (1929)

. Gonodactylus chiragra (Stomatopoda) Krukenberg (1888a)
. Porcellana boscii (Decapoda) W. Steinitz (1929)

10. Thalamita admete (Decapoda) W. Steinitz (1929)

11. Scottolana longipes (Copepoda) Por and Marcus (1972)

12. Metrocarpa nigrum (Ascidicea) Pérés (1967); Por (1971b)
13. Hemiramphus picarti (Pisces) W. Steinitz (1929)

14. Liza carinata (Pisces) Ben-Tuvia (personal communication)
15. Leiognathus klunzingeri (Pisces) Kosswig (1956)

16. Aphanius dispar (Pisces) Kosswig (1967)

17. Dugong dugon (Mammalia) Kingdon (1971).
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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 Guérin-Meneville (1832), and the re-
cord of Thalamita admete made by the same author. Pinctada radiata, the little
pearl oyster, is most probably circumtropical and Hemiramphus picarti too.
Metrocarpa nigrum could have reached the Tunisian coast where it lives, from 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 a recent invasion.
Leiognathus klunzingeri seems nevertheless to be a normal Lessepsian migrant. If
the presence of Eurythoé¢ 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 cultures (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 relict. The grey mullet Liza carinata may
also be able to resist high salinities but there is no reason not to include 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 of the Suez Canal. The fauna of the hypersaline
Sirbonic Lagoon (Sabkhat el Bardawil, Sinus Sirbonicus of the classical 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 including Kosswig (1956) and
Por (1971b). 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 periods
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 a spring 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
hypersalinity all 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 classical 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 period, always led through the Tumilat-Pelusium way, i.e.
through the freshwaters of the 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 Er6ffnung des heuti-
gen Suez Kanals in den salzigen Tiimpeln 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, 19714, 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-
cies to the list of the Isthmus fauna. They write: ,,Diese Arten konnen Reste einer
alten Bittersee Fauna reprisentieren, die bereits vor der Offnung 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:  Theristus flavensis ,,Gruppe” (Sensu Riemann and Rachor)
Theristus oxycerca
Oncholaimus oxyuris
Syringolaimus striatocaudatus?
Spilophorella paradoxa?
Ptycholaimellus ponticus?
Polychaeta: Augeneriella lagunari
Copepoda:  Canuella perplexa
Canuellina insignis
Robertsonia salsa
Nitocra spinnipes orientalis
Nitocra affinis
Heterolaophonte quinquespinosa (nec Paralaophonte, Por, 1973a)
Neocyclops salinarum
Pseudodiaptomus salinus
Ostracoda:  Cyprideis torosa

Aglaiocypris sp.
Cirripedia:  Balanus amphitrite communis
Isopoda: Sphaeroma serratum

Sphaeroma walkeri
Cymodoce truncata
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Mollusca: Cerastoderma glaucum ( = Cardium edule)
Pirenella conica (= P. cailliaudi)
Mactra olorina?
Brachidontes variabilis?
Pisces: Aphanius dispar
Liza carinata?
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
(Paperna, 1972d) has shown it to be completely different. The two populations were
thus probably isolated for a period 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 manner. 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, of the Philistine goddess Derketo. An artificial colonization of this ani-
mal in the Mediterranean cannot be entirely ruled out.

1.6 The Sirbonic Lagoon (Sabkhat el Bardawil)

Much 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 el 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 km?, 30 km east of Port Said to 20 km
west of the town of El 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 El
Kals), does the bar rise to a height of 5 m. Depth in the Sirbonis nowhere exceeds
1.5m, 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 a real 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 Volume 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 a definite 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 of the 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%. 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%. (Roth, 1973).
When the western opening was closed in the summer of 1970 the salinity in most
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of the lagoon was 80-95%s. In some remote areas it exceeded even 100%,. With the
reopening of Boghaz 1 in August 1971 the salinity became “normal” again.

Summer temperatures may exceed 30° C but, owing to the shallowness, O,
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
benthic organisms (Por, 1971b, 1973a; Ehrlich, 1975a); and of the 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%o; 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: Tintinnopsis 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 acutifrons, 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%o;
(2) euryhaline marine species are distributed to a salinity limit of 60%o; and (3) the
holeuryhaline diatoms, of continental origins, are found all over the lagoon and
become dominant to exclusive at salinities above 60%.. In dead assemblages
collected in 1970, the year of maximum 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 suboptimal circum-
stances. From among the 15 species found, seven species advanced only as far as
salinity values of 45%.. A second group consisting of four species survive to values
of 65-70%.. Two species of marine origin are found up to 85%., namely the
harpacticoids Robertsonia salsa and Heterolaophonte quinquespinosa. At salinities
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over 90%,, a marine cyclopoid Neocyclops salinarum meets two euryhaline har-
pacticoids of continental origins, Nitocra lacustris and Cletocamptus confluens. 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 of the 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 closure 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, Mactra 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 little mussel can be found even at a salinity
of 70%.

An unidentified hydrozoan and the sabellid polychaete Augeneriella lagunari
live on the Ruppia stems. 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 Meta-
peneus stebbingi is a widespread species, but according to Tendler (1972) in the
high salinity year of 1970 it was relatively rare at 60%.. 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%o. 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 predominate: 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 conclusion, the relevance of the study of the Sirbonic Lagoon (or Bardawil
Lagoon) for the Lessepsian migration, can be summarized as follows:

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 of high 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 of the 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 of the 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.

James 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 Pére with the task of investigating the
problem of the differences in the level of the two seas. Le Pére 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 of three engineers, headed by
the Austrian Nigrelli, to establish definitively 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 of the 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 a real danger when the Canal was closed and not maintained
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Fig. 13. Meeting of the two seas in the Bitter Lake, last pickaxe blow on August 15th, 1869 (woodcutting by Edward Riou, from Pudney, 1968)
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Fig. 14. Satellite picture of Nile Delta with Suez Canal 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 indicate 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 technical data about the Canal will be given, but
no complete topographic and physical description of the Canal (Figs.14 and 15,
Map 1).

A total of 75 million m® were excavated by 1869. The total length of the Canal
is now 162.5km. 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 of the Canal.

Only about 70 km of the Canal are dug out in dry land, while the rest of the
waterway crosses a series 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 of Suez 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
of Port Said there is a narrow channel with a lock which connects Lake Menzaleh
and the Canal. The Canal works started in the Menzaleh section. In the very first
phases waters of this 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 El 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 of Wadi 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 Canal, with Port Said in back-
ground and Lake Manzala on left (courtesy I.D.F., Jerusalem)

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 agriculture supplied much runoff. 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 of the biota of the Suez Canal.

Between Lake Timsah and the Bitter Lake there is a stretch of 16 km. The
shores of the 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 salt 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
promontory of Kabrit there is a narrowing to a strait about 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 of the 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 forét d’Ambach™). According to Aillaud
(1868) this “forest”, about 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. Etam)

Fig.18. Aerial photograph of Lake Timsah, with Isma’iliya on left and lagoons on right
(courtesy Y. Etam)

Fig.19. Aerial photograph of northern part of Great Bitter Lake, with lagoon of Deversoir (el
Ambach); (courtesy Y. Etam)

Fig.20. Aerial photograph of southern outlet of Suez Canal, with lagoon of Suez (courtesy Y.
Etam)
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surface of over 100 km?. 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 of the 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 of the last-minute troubles for the opening of the Suez Canal
in October 1869.

At km 159 a channel leaves westward and turns north to the old city of Suez.
In fact the last 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 of the Nasser Project would have brought the total excavated
amount of cubic meters to 365 million m*® (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 about the deleterious effects of
the oil 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 traffic 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 title “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 of the 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 del 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 of the 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 well as by the
throughgoing oceanographic research ship “Pola” [October—November 1895



48 The Suez Canal

(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 environmental information. This was followed
by the equally important publication by Tillier and Bavay (1905) on the shelled
molluscs of the Suez Canal.

In the years that followed, the appearance of Red Sea immigrants in the
Mediterranean was recorded for the first time: Jordan and Hubbs (1917) reported
the finding of the 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 194445
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 a series of taxonomic papers entitled “The Fishery
Grounds near Alexandria” between 1935 and 1939.

The appearance of Red Sea 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, a series 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 of the Canal did not serve as a subject of special study from
the end of the last century until Wiist’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 [Vol.21(3-4),1972]
gives a summary of most of this research effort.

In January 1975 Professor Brattstrom 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 Canal, one could have expected a more
organized and continuous effort by the scientific community.

Table 1. Chronological listing of scientific research in the Suez Canal

Collector and Author Year of Year of Topics
collection  publication

Vaillant, L. 1864 1865 Mollusca

Issel, A. 1869 Mollusca

Fuchs, Th. 1864-1876 1878, 1881 Geology, Mollusca

Fischer, P. 1865, 1870, 1871 Mollusca

Miiller, K. 1872 Chemical data

Lesseps, F. de? 1873, 1876 Geology, chemistry

MacAndrew, R. 1869 1870 Mollusca

Durand-Claye, L. 1872 1874 Chemical data

Schmidt, C. 1875 1878 Chemical data

Keller, C. 1882 1882, 1883, 1888 General biology

Krukenberg, C.F.W. 1887 1888 General biology

Vassel,E? 1889, 1890 General data, geology

“Pola” Expedition 1895 1898, 1899, 1903 Chemical data, Mollusca
Luksch,J., Natterer,K.,
Sturany,R.

Tillier,L2 Bavay,A.? 1898, 1905, 1906 Mollusca

Tillier,J.B.2 1902 Pisces

Voisin Bey? 1902-1906 General data

Herdman, Thompson,I.C., 1902 1903 Planktonic Copepoda
Scott,A.

“Ammiraglio Magnaghi” 1923-1924 1927 Hydrography
Vercelli,F.

Monod, Th. 1925 General

Cambridge Expedition to 1924 1924-1931 General; zoological results:
the Suez Canal: - reports by specialists on
Fox,H.M.,, et. al. groups of animals

* Persons employed by the Suez Canal Company.
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Table 1 (continued)

Collector and Author Year of Year of Topics
collection  publication

Wiist, G. 1924-1926  1934,1935 Hydrography
MacDonald,R. 1928 1933 Plankton
Gruvel,A., Moazzo,G., 1932-1934  1932-1939 Plants, animals
Chabanaud,P., Lami.R,, (Mollusca, Pisces)
Monod, Th.
Ghazzawi,F.M. 1936 1936, 1938 Plankton
Tortonese, E. 1944-1945 1947,1948, 1952 General, Pisces,
Echinodermata
Beets, C., Holthuis, L. B. 1950 1953 Bitter Lakes: geology,
Benthos, Decapoda
Morcos,S. A., Riley,J.P. 1953-1955 1960, 1966, Chemistry
1964-1966 1967, 1968, 1972
Muromtsev,A. M. 1959,1960 1960, 1962 Hydrography
Miller,A.R., Munns,R.G. 1963,1965 1974 Hydrography
Dowidar,N.H. — 1973, 1974 Plankton
The Hebrew University —  1967-1972 1972 Animal and plant groups;
Smithsonian Institution migration through the
Joint Program Suez Canal
Steinitz, H., Por,F.D.,
Aron,W., et al.
Safriel, U., et al. 1971-1973 — Migrating species of
Polychaeta, Mollusca
Hecht, A, et al. . 1973 — Hydrography

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

Jerusalem)

Norwegian Council for 1975 — Great Bitter Lake: fouling
Research and Humanities from ships stuck since
Brattstrom, H., Taasen,J.P. 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 this field of easily measurable facts, hypothetical assumptions
still prevail. A few of these, in more or less historical 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 this 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 of Bitter 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. Therole 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 of the year, while changes in the horizon-
tal and vertical value distribution were interpreted as indicative of water mass
movements (Wiist, 1935; Morcos, 1960). If temperature is not taken into account,
this assumption is very much weakened. The first author to give temperature/
salinity relation (T/S) diagrams and density calculations, is El 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%o, as at present, evapo-
rative processes clearly prevail over dissolution processes—if they still occur at
all.

Three basic vectors influence the currents of the 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.21a 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, blow almost exclusively
from North-North-East (Gruvel, 1936) (Fig.21a and b). Wiist (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 of the 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. Wiist (1935) gives for the period October—June a difference of 2940 cm.
Morcos (1960) mentions 36.3 cm. Rouch (1940) and following him, 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 higher 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). Wiist (1935) confines himself to
saying that in this period the level of the two inlets is equal (see also El 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 m? of water gushed out of the nearby Damietta
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branch of the Delta. However, observations after the cessation of the Nile flow do
not support this assumption.

Spring tides at Suez are sometimes as high as 2.1 m (Wiist, 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 a reservoir, the incoming current is stronger
than the outgoing one. Values for the incoming current are indicated as 1.38-2.00
m/sec (Tillier, 1902) or maximum 1.40 m/sec and average 0.82 m/sec (Fox, 1926).
Miller and Munns (1974), on information supplied by Morcos, give for July—
August average current velocities of 98.19 cm/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 of Suez.

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 5h after high water. The returning current is similarly delayed.

The influence of the tidal currents is still felt 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
Northeast 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 9-10-months’ regime of the northward currents prevails. However, Wiist
(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 1540 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 El 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
El 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’évaporation étant plus active dans le centre de
listhme qu'aux deux entrées 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. We have 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
Canal.!

From July 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 of the 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 Wiist (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

! Note added in proof: More recently Morcos and Messieh (1973a) and Morcos and Gerges
(1974) following Baussan (1938) speak of a transitional stage in the currents in the 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
IT” 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 m>/day. 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 m3/day to be evaporated. To
make up for the differences which resulted, “contributions from the Medi-
terranean of Nile 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. El 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 play a crucial role.

Even though the surface current flows southward during the late summer, both
Wiist (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, Wiist (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; El Sabh (1969) in 1966; the temperatures measured by “Atlan-
tis II” 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; 30.5° 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 II” measured 26° C and 26.5° C at the Mediterranean
and Red Sea entrances, respectively, whereas in the Canal the maximum was
30.5° C. This is a difference which 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 temperatures 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
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Fig.23. Isohalines in Suez Canal, from Port Said to Gulf of Suez, at depth of 6 m (from Wiist,
1934)
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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 of the Canal waters has been reasonably well 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 of the fossil salt dome at the bottom of the Great Bitter Lake;
the evaporative concentration in the different lakes and shallows; and an inflow of
Nile waters at different points of the 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%.
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%o at Suez in December 1864, i.e. before
the opening of the Suez Canal. This is a normal salinity in the shallows of the
northern Red Sea and the Gulf of Suez. Por (1972) found values of 46%o. at Ras el
Misalla (about 15 km south of Suez) and 43.39%. 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 Gulf is “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™.!

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. Wiist (1935) found a direct relation between the increase in the depths of
the Bitter Lakes, ie. in his view between the progressive dissolution of the salt
bank, and the decrease in salinity. In 1951 however, Wiist 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%o.

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 samples 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 of the cores”. Etam (personal communication) who sampled
cores in the Bitter Lake in December 1973 found only gypsum and no trace of
crystalline salt.

It is therefore evident that since the early sixties the salinity of the Bitter Lakes
has been entirely determined by evaporation. Por (1971b) 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%. and 48%, 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%., and 44.79-46.06%. respectively.
The maximum salinity value found by this author was 48.06% at Km 155,
“caused by strong evaporation”. The most recent measurements give 46.17%. for
January 1969 (Por and Ferber, 1972) and 45%. 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 mm/day. This would
add up to an average of 1.8-1.9 m/year.

It is evident therefore, that the Bitter Lakes will behave in the future as one of
the littoral lagoons of the Red Sea, with salinity fluctuating seasonally around the
value 45%s.

There has always been a seasonal fluctuation in the salinities and it seems that
this even decreased over the years: it was 8%o in 1924 (Wiist, 1935) and in 195455
about 5.5%s (Morcos, 1967b). Presently 1. would suggest an amplitude of below
5%o.

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 about 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% seems to have existed
in 1872 (Durand-Claye, 1874). In October 1924 the difference was less than 4%
(Fox, 1926); however, in January-March 1925 it increased to some 8%. (Wiist,
1935) (Fig. 23). For 195455 Morcos (1960) gives less than 1.5%. (Fig.25). However
in 1966, E1 Sabh (1968) again gives a value of 2%o. In the salinity profiles of Miller
and Munns (1974) differences of 1.0-1.5%. between surface and bottom appear.

Of special interest are the hypersaline lagoons and pools which border the
Bitter Lakes, especially along the eastern shores. The largest of these, in the
northeast corner of the Great Bitter Lake, had a salinity of 91.08%. 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%o 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 of the 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.

Until 1891 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
runoff from the lush fields of the western bank.!

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% between surface and bottom. W. Steinitz (1929) indicates that at
the surface the salinity may fluctuate between 7.86%0 to 47.6%.. Morcos (1960)
found less than 30%. at the surface and 45%. at the bottom. In June 1967, surface
salinity in the lake opposite Isma’iliya was 29.3%s (Por and Ferber, 1972). El Sabh
(1969) gives surface salinities of 35%. Miller and Munns (1974) report strong
differences between surface and bottom: in October 1966 from 36 %o to 41 %o, and
in November 1966 from 37%o to 42%.. 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%o.

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%
while at Km 60 it was 45.5%o. 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%.. From these data we may deduce that the samples 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. Wiist (1934) gave the classical presentation of the phenomenon.

Morcos (1960) reports for September 1954 33.15%o at the Canal entrance and
36.29%0 near Lake Timsah. The respective values for September 1964 were
32.25%0 and 34.83%.. These are, however, surface values since in September 1964
at the Canal entrance the salinity at only 5 m depth was already 39.02%..

After the cessation of the Nile flow through the closure of the Aswan Dam, in
October 1966 the “Chain” measured salinities between 40-43% in the northern
Canal, whereas in the Bitter Lakes it was 47%o. 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
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