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ABSTRACT

During a detailed study on the marine plankton of the FEgyptian waters, the
dinoflagellate species Ceratium egyptiocum Halim was recorded from the south-eastern
Mediterrancan waters at Port Said and the sea area to the East. This species was re-
corded in the Suez Canal by Ghazzawi (1936) who wrongly identified it as C. pulchellum
f. eupulchelly. Halim (1562) desoribad 12 {iom a surface plankton haul sampicd i Lake
Timsah in June 1957, and identified it as a new species (C. egypriacum), The species
was also reported (as f. suerensis) from the Suez Bay plankton (Halim, 1965) outside
these two localities the species is not reported, as yet, from any othe: sea area. Jt occur-
rence in the eastern Mediterrancan waters is thus a new record (0 i . sea, The patiern
of distribution of the species in the Mediterranean waters (both seasonal and spatial) may
throw some light on the current regime in the area and on the dynamics of immigration
planktonic organisms throvgh the Suez Canal, particularly after the completion of the
Aswan High D.. . :

The data presented in this paper is based on the examination of more than 320
plankton samples collected on various occasions from the Red Sea, Suez Canal and
Mediterranean waters of Egypt. Details of these samples are given in the text,

INTRODUCTION

DURING a detailed study on the marine plankton of the Egyptian waters, the
dinoftagellate species Ceratium egypriacum Halim was recorded from the
south-eastern Mediterranean waters at Port Said and the sea area to the
East. This species was recorded in the Suez Canal by Ghazzawi (1936) who wrongly
identified it as C. pulchellum f. eupuichelfu. Halim (1963) described it -from
a surface plankton haul sampled jn Lake Timsah in June 1957, and identified it
as a new species (C. egyptiacum), The species was also reported (as f. suezensis)
from the Suez Bay plankton (Halim, 1965) outside these two localities the . species
is not reported, as yet, from any other sea area. Its occurrence in the eastern Medi-
‘terranean waters is thus a new record to-this sea. The patiern of distribution of
the species in the Mediterranean waters (both seasonal and spatial) may throw
- some light on the current regime in the area on the dynamics of immigration of
- planktonic organisms through the Suez Canal, parucularly after the complet:on
_of the Aswan ngh Dam,

The data presented in thls paper is based on the exammat:on of more than
.320 plankton samples collected on various occasions from the Red Sea, Suez Canal
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and Medlterranean waters of Egypt. Details of these samples are given in the
text and alf are deposned in the U.A.R. National Marine Btologlcal Reference

Cenire.

1 wish to express my thanks to my coileagues Dr ‘Morcos for kindly provi-
ding unpublished data concerning the velocity of the currents in the Suez Canal,
and for interest in the subject. Thanks are also due to my colleagues-in the U.A. R.
Nat, Mar. Biol, Ref. . »l. Centre for their help in the collection of the samples
during 1969,

DistriBUTION AND EcoLoGy OF C. EGYPTIACUM

In the Red Sea

The distribution of the species in the Red Sea is traced from its occurrence .
in the following plankton samples: '

- 12 samples collected seasonally during 1962 by the Institute of Oceanography '
and Fisheries, Red Sea Branch, from varjous localities in the sea "area off -
Al-Ghardaqa, :

21 samples collected by the Russian R/V Ichthyolog in the autumn of 1966
from the northern part of the Red Sea and the Gulif of Suez e

- 12 samples collected by the author from the neritic waters between Suez and |
Al-Ghardaqa in the winter and autumn season of 1965, .

These samples covered the avea from Lat. 27° N to 30° N. Examination of
these samples showed that C. egyptigcum is a permanent constituent of the plan-.
kton of the northers part of the Red Sea and the Gulf of Suez. - It was common’
in all seasons except the winter where it was less frequent. The species is thus:
regarded as indigenous and also perennial to this area. The southward extension
of the species in the southern part of the Red Sea needs further investigation, *

Regarding the ecological affinities of the specms in the Red Sea, as deduced
from its occurrence in the samples examined, the species is a strictly neritic surface;
form, avoiding oceanic and deep waters. [t was almost completely absent in samples;,
taken at depths below 25 m and in surface samples taken over depths more than ;
50 m. The salinity and temperature ranges for. the species m this area are respe~
ctively 40%,~ 43%, and 15.8°C to 29.1°C. :

In the Suez Canal

Examination of 7 plankton sampies collected from the Great Bltter Lake
(50-60 kms North of 3 .¢z) during the warm seasons (June to November in.different’
years 1957-1969) sho ed that the species was a common constituent of the surface.
plankton of the Bitter lakes throughout this period. It was also common in the
surface waters of Lake Timsah (85 kms North of Suez; Halim, . 1963):
Unfortunately no plankton samples were collected from the Suez Capal in winter;
however, the occurrence of the species in the Canal in this season, at least as far as*
Bitter Lakes, is confirmed by the fact that it is rather frequent in the Suez Bay in,
winter,

Judging from its occurrence in Lake Timsah and Bitter Lakes, the sahmty;.
and temperature ranges of the species in this area are respectively 33. 5°/o 47 0 A,"
and 14.2°C ~ 33.0°C. '
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QOccurrence In  the - Mediterrrneon

The occurrence of the species in the eastern Mediterranean in the last 10
years was traced from the following plankton samples collected from the south
. eastern Mediterranean waters along the Egyptian coast:

a. 16 samples collected in March 1959 by the Japanese Oceanographic Boat
Shoyo-Mam, between longitudes 23°E tfo 32°E,

b. 50 samy.é: collected” by the Russian R}V Ickrhyolog in 'October 1964
Those samples covered both the oceanic and the neritic regions between
fong. 29°00/E to 33° 30/E, and comprise fractional vertical hanls at 25 m
intervals from ‘*he surface up to 2 maximum of 100 m depth.

¢. 146 samples collected by the Russian R/V Ichthyolog in 1966. These
samples comprise vertical' hauls operated seasonally (Jan. - Feb. — Ap.
Ang.—~ Oct. and Nov.) in both the neritic and oceanic zones between long,
26°00/E to 33°40/E.

d. 60 samples collected by the U.A.R, National Marine Biological Reference
Collection. Centre from several stations covering the northern entrance
of the Suez Cana! at Port Said and the sea area around it, these comprise
surface as well as vertical hauls collected at monthly intervals from April
1969 to March 1970,

A detailed account on the distribution of the species in the Mediterranean
is needed becanse it is the best way to test the immigration of erythraean species,
~ Moreover, it furnishes good bases to trace month by month the magnitude and
. extent of migration and its relation to the water circulation and environmental
conditions in the area involved.

The following are the results of examination of the above mentioned
samples:

' a. Cergtium egyptiacum was totally absent in the samples of March 1959, as
well as in the surface and subsurface samples of October 1954, This may
snggest tht mot~ thic date, the species was not  established in the
Mediterranean Sea and any immigration to that sea was not yet
successful.

b. The species was recorded for the first time in the Mediterranean Sea in
the samples of 1966. In these samples it exhibited an interesting distri-
bution pattern (both in space and time), 1t was completely confined to
the area east of Port Said.viz.,, Tina Bay and EL Arish regions. In this
area it appeared as single specimens in the samples collected from the
neritic waters of Tina Bay In August.

In October it extended its area of distribution and was numerically rather
frequent in both Tina and El Arish regions. The species reached its maximum
.abundance in the Mediterranean in November when it becamne common in
the entire neritic area east of Port Said forming a maximum of 249 of the
total Ceratia in Tina Bay (Table I},

As evident from this table, the species was almost confined to the neritic
stat:ons of depths less than 50 m ; the maximum was found at stations with depihs
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not more than 25 m. These data conﬁr-nﬁ the 'ﬁcriiic and surface ‘aﬂ“l-nitics exhi- -
bited by the species in the Red Sea. )

In January, February and April the species was not recorded in any of the
samples taken In the neritic or oceanic zones,

c. In the area of Port Said Harbour, the species was recorded during most
of the year but with varying frequency. K was absent in winter and
frequent to common in other seasons (Table 2).

TABLE 1.. Numerical occurrence and percentage frequency of C. egyptiacum in Tina Bay and El-Arish
regions in November, 1966. The temperature and salinity data given are rhe average for
the whole water column samnpled.

Tina Bay .  El-Arish
Station No. 377 378 379 380 381 362 363 364 365
Depth m. 9 15 24 50 - 23 25 70 450
No/m? 460 860 1362 8 460 520 12 -
%4 to the total Ceratinm 24.0 11.5 154 0.4 - 1£.8 188 14 -
Temperature (°C) 23,0 239 243 24 U3 2.9 242 242 230

Salinity (%) 39.0 39.3 39.4 392 38.9 397 39.6 39.5 392

IMPORTANCE OF THE SPECIES AS AN INDICATOR OF THE|CURRENT
REGIME IN THE SUEZ CANAL

The importance of the Suez Canal- as.a passageway between the faunal
realms of the Indian and of the Atlantic Ocean has recently gained a world wide
interest. Although published lists including organisms of Indo-Pacific or of Red
Sea origin, which have immigrated to the Mediterrancan, comprise more than
100 names (Steinitz, 1968), yet there is ample evidence that, such lists do not include
all immigrated organisms. This may be attributed to absence of records or unavail- -
ability of reference of some species; besides those species which have immigrated
without being noticed in the new area since they are masked by the presence of indi-
viduals of the same kind already existing in the Mediterrancan (Red Sea - Medi-
terranean & Atlanto-Indopacific species). Ar.far as plantonic forms are concerned,

records of erythraecan immigranis in the Mediterranean are very scanty since; most -

of the interest was given to the migration of macrofauna. The immigration of
macrofauna including planktonic forms has, so far, received very little attention.

The migration and transport of planktonc organisms (temporary or holo-
planktonic) depend on the carrents, consequently many of them are used to cha-
racterise different water masses. Of these, members of the genus Ceratium has
long been used as current indicators (Jorgensen, 1924 ; Peters, 1934 ; Nielsen, 1934;
. Graham and Bronikovsky, 1944 Wood, 1958; and others)

Previous studies on the current regime in the Suez Canal Fox, {e.g., 1926;
Wimpenny, 1930; Faouzi, 1936; Morcos, 1960.....) showed that, durmg most
of the year, the mean sea level is htgher at Suez than at Port Said and a northward
current 15 sct in the canal, while from Jusy o Geteler <he mean sea level at Port
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Said is higher than at Suez and thus the current is reversed, i.e., it becomes southward.
This pattern of seasonal vaiiations is more or less a constant phenomenon which
repeats itself every year, In 1966, and by the completion of the first stage of the
Aswan High Dam and complete storage of the Nile flood water in front of it, Morcos
(1967) studied the distribution of salinity in the canal and showed that in September
the direction of the current in the canal was unusually northward. As an expla-
nation, Morcos (1967) stated that the Nile flood water discharged into the Mediter-
.ranean through Damietta branch aided by the northern wind, normally piles up
in front of Port Said, and thus causing the southward diluted water current usually
experienced in the canal at that time of the vear. After the complete storage of
Nile flood water in front of the High Dam, the condition is entirely altered and
instead a weak northward current was established in the canal in September 1966;
El-Sabh (1968) disagreed with these results and claimed that, according to his own
saﬁnityddata taken also in September 1966, the current in the canal is not
reversed.

. As previously shown (vide supra} Ceratium egyptiacum is a Red Sea species.
Its presence in the Mediterranean is, as yet, dependent on the population of the
Red Sea and Bitter Lakes transported to it by the northerly current. The monthly
fluctuations in the numerical abundance of the species at Port Said in 1969-70 and
the adjacent Mediterranean waters in 1966 (Table 1 and 2) may thus reflect the fluctu-
ations in the current regime in the Suez Canal and throws some light on the problem
of immigration of plankton organisms via this important pathway,

As evident from Table 2 the occurrence of C. egyptiacum at Port Said during
the peried April-July is in good agreement with the gradually decreasing velocity
of the northward current in the Suez Canal. The relatively strong current of April-
May is undoubtedly responsible for the numerous population recorded at Port
Said where the environmental conditions are favourable for the species (salinity
38.8 - 38.6%,; temperature 19.8 - 28.5°C). It is worth mentioning that during
this period the species, though numerous, was almost confined to the area of Port
Said. It was not recorded in Tina Bay and El-Arish regions in April 1966; moreover
it was totally absent from samples taken 15 kms off Port Said during this seasons
This may be attributed 1o the local water circulation in the area which led to either
a condition of “stagnation” of the harbour water or else the sinking down of the
more saline canal water below the Mediterranean water; in the latter case the species
may be carried down to unfavourable depths where it eventually perish. The
satisfactory explanation to this condition however, needs further study. The low
population of the species at Port Said during June, July, August and September
is mostly due to the decrease in the rate of restocking due to the sluggish northward
current. Furthermore, contrary to the condition in the previous two months, the
species became dispersed in the Mediterranean waters east of Port Said, as demon-
strated by its presence, though in small numbers; in Tina Bay in early August 1966.
It seems that from July onwards the species was involved in the water circulation
of the south-eastern Mediterranean and is thus carried easterly by the general eastward
current flowing along the North African coast. The growing population of the
species in Tina Bay recorded in October 1966 and its spreading to El-Arish region
indicates, besides fis successful propagation in the Mediterranean waters, an allo-
ctonous enrichment through a continuous supply from the original stock of the
Bitter Lakes and the Red Sea by the northward current from August to Qctober.
Had the current been reversed in Awgust and September 1966 the species would
have been absent from Port Said and would have also disappeared or at least de-
creased in numbers in Tina Bay in these months, The contivous supply of the
species by the continuous unreversed northward current of the Canal culminated
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Tavse 2, Monthly fluctuations of C. egyptiacum at Port Soid from April 1969 to March 1970 together with the relevant temperature and salinity data
[Data on current velocity {cmfsec) in the northern and central canal in 1948-1949 are also giver for comparison (Suez Canal authority)}

Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb, Mar.

Cutrent (cmy/sec.) Northern part. 20.5 11,0 11.3 64 -24 -—40 101 259 258 440 346 274
Current (cmsec.) Central part. 8.6 9.6 0.0 1.7 -29 -67 13 87 7.0 13.0 103 11.4
Abundarie of species +4+4+  ++ + + + + ++ -  ++ O o o
;imw (%o) 36.8 379 386 38.0 37.4 378 382 — 383 374 383 37.1
Temperature {°C) 19.8 23.0 28.0 285 295 290 251 — 17.0 165 14.9 1638

— == not sampled; O = not recorded; S = one single specimen; + = rare to less frequent; - 4+ = frequeant; 4 + 4+ = common.
—ve sign of current velocity indicates southward current.
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in November to an abundance of the species in the neritic waters of the south east-
ern Mediterranean east of Port Said (Table1). The absence of the species from
the samples taken in October 1964 in front of Port Said and in Tina Bay is a further
evidence that the condition since 1966 has been different from previous years, that
the current is northward during this period is confirmed by the salinity distribution
in the canal, The salinity of the northern half of the Great Bitter Lake (Km 115)
recorded in July 1969 viz.,, 43.35%, demonstrate the condition of a northward
current (contrary to the usual condition during this period; Morcos, 1960).
The water of the Suez Bay, salinity 42,979, envaded the southern part of the canal,
thus recalling the conditions usually prevailed in April. Morcos (1967) recorded
a salinity of 43.95%;, and 43.93%_ at 103 Km in April 1954 and 1964 respectively,

According to the data presented above it is thus most probable that since
1966, the northward current in the canal is not reversed during the period July-
October. These results however, need further confirmation by continuous samp-
ling of several stations along the canal and in the eastern Mediterranean waters
throughout several years,

The condition in winter is more peculiar, for, although the northward current
of the canal is at its maximum velocity, the species was neither recorded at Port
Said nor in the adjacent Mediterranean waters. This indicates that, in this season,
enrichment of the species by the northward current is not successful; moreover the
large stock of the previous season has completely disappeared. The disappearance
of the species from the eastern Mediterranean waters during this season is not easy
to explain because our knowledge of the physiclogical property of the species is
still incomplete. In view of the available data the following suggestions may serve
as probable explanations for the absence of the species from the Mediterranean
waters in winter:

1. The low winter temperature (14-17°C) and the salinity of the water at
Port Said (37-387(,) are within the range tolerated by the species; thus both are
eleminated as factors limiting the distribution of the species in this season. Could
the low winter population of the species in the Gulif of Suez be the cause of its dis.
appearance in the Mediterranean? In all probabilities this may only cause a decre-
age in the numbers of the species at Port Said, however the high velocity of the north-
ward current is able to compensate for this decreases,

2. Judging from the high velocity of the northward winter current (Table 2)
{max. 44 cm/sec.) a plankton organism at the northern end of the Bitter lake takes
less than 3 days to reach Port Said (about 100 kms apart) (a distance usually traver-
sed by the current in more than 40 days in summer). Throughout this distance
the salinity and temperature of the canal water is not appreciably altered. In
February the salinity of the water column at 5 Km south of Port Said ranges from
42.25%., 10 42.34%,,, that of Bi‘ter Lakes is 44.87%0- 44.49 %, (Morcos, 1960) while
at Port Said the salinity drops to 37.0-38.0%,. The temperature in the
whole traverse is around its minimum, 14 -17°C, Could this abrupt drop of
salinity be deleterious to the species especially at this low temperature? If
this is so for the individuals transported in winter, what had happened to the po-
pulatior;e;vhich was already existing and flourishing in the Mediterranean in
November?

3. Inwinter as a result of the cooling of the surface layers, the water column
is highly unstable and vertical mixing is more effective. The individuals of
C. egyptiacum (both previously existing or newly introduced by the currents in winter)
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will be involved in the vertical circulation of the water column; consequently they
are carried downwards to unfavourable depths at which they eventually disappear.
This seems to occur at shallow depths probably not more than 20 m or even less,
for as judged from its ecological affinity in the Red Sea the light requirements of
the species seem to be very high; moreover, winter is the clondy and rainy
season in the area.

_ The last mentioned assumption seems to be the most reasonable for ex-
plaining the peculiar winter distribution of the species in the Mediterranean Sea.

PossIBLE BIOLOGICAL IMPORTANCE OF THE NEW CONDITIONS IN THE CANAL

The Suez Canal is a very shallow, 14-15 m deep and narrow, (average 130 m
wide) pathway extending 162.5 kms; as such it does not permit the exchange of
large quantities of water. The net volume of water transported annually to the
Mediterranean via the canal is about 4000x 10¢ m3, with an average of 127 m?/sec.
This volume is exceedingly negligible when compared with, for e.g., the volume of
Atlantic water transported annually to the Mediterranean through the straits of
Gibraltar, viz., 552 % 101! m? , with an average of 1.75 X 163m3/sec, (Sverdrup
et al., 1942). With this large amount of water the Atlantic Curren{ penetrates into
the Mediterranean water for long distances retaining, to a great extent, its chemical
and biological characteristics Through this current a considerable number of
Atlantic plankton organisms we:e able to migrate to the Mediterranean (particu-
larly in the Eastern Basin), some of them are already established in the new environ-
ment while others are still dependent on their enrichment by the inflowing Atlantic
current.

The role of currents in the dispersal of plankton organisms is very much
appreciated. However, it must be emphasized that the successful transport of
several plankton organisms by currents is due to the fact that these currenis dis-
places, 1n the mean time, the environmental conditions; when mixing is great; the
displaced water looses its identity and the resulting new environment may no longer
be suitable for the organisms transported and they eventually disappear. Cosmo-
politan and highly tolerable organisms are exceptions, The water of the Canal
and Gulf of Suez transported by the northward Canal current, with its low ma-
gnitude and velocity, is almost completely mixed with the dilute Harbour water
at Port Said. The salinity of the surface water of the Harbour varies between
36.0%, and 38,69, while that of the subsurface layers at 6 and 12 m depth mostly
lies between 38.4%,, and 39.29,, (Morcos, 1960). The identity of this current is
totally lost, 5-10 kms off’ Port Said Harbour. Consequently the capacity of this
u.grengl to transport Red Sea plankton to the Mediterranean is very much
reduced.

As a shallow and long inter-oceanic connection, the Suez Canal does not
allow except for the migration of neritic and littoral plankton forms. Oceanic
deep water or shade species are not liable to be involved in such migration. More-
over, in discussing the northward migration of planktonic organisms through the
Suez Canal, the high salinity barrier of the Great Bitter Lake stands as one of the
most decisive factors controlling this process. Fortunately and by virtue of the con-
tinuous dissoluation of the salt-bed in the past 100 years, the salinity of the Great
Bitter Lake has been gradually decreasing (Table 3) and is now in the range tolerated
by a large number of Red Sea plankters.
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TaBLe 3. Salinity values of the water in contact with the salr bed near the bottom of the
Great Bitter Lake from 1872 to 1966 (Data compiled from various authors).

Year 1872 1886 1895 1924 1933 1954 1966
Salinity (744} 68.9 61.8 59.2 53.5 48 8 47.9 45 .9

From the foregoing it could be concluded that, as regards the northward -
migraton of plankton organisms prior to 1966, the prevailing conditions did not
permit a significant rate. The plankton populations of Red Sea immigrants in the
Mediterranean were, in most cases, too low to compensate for their natural mor-
tality and their consumption by filter feeding animals. This is because (besides
" the fore mentioned conditions) during che periods of maximum transport by the
strong winter current, the conditions in the Mediterranean are not suitable for the
successful propagation of most of the phytoplankton organisms. When the latter
conditions were suitable, the north ward current of the canal was either weak
or completely reversed (as demonstrated by the period June to October).

After the erection of the Aswan High Dam and from 1966 onwards, it seems
that a new era in the history of the canal as a link between two distinct faunal re-
alms is beginning. The current in the canal is always northward throughout the
whole year. Southward migration of planktonic organisms from the Mediter-
ranean will be hardly possible. The Red Sea plankton, on the other hand, will
have better chance to invade the eastern Mediterranean and to build up a flourishing
population (particularly in summer and autumn}. Also larval stages of littoral
Red Sea animals and of the southern canal, breeding in summer and autumn will
be able, for the first time since the opening of the canal, to penetrate further
northward before they settle. The northward migration will be facilitated further
by the progressive decrease of the salinity of the waters of the Bitter Lakes.

How and to what extent will this new condition affect the already existing
Mediterranean population; the productivity, food chain and fisheries of the eastern
Mediterranean in particular, must await several years of continuous investigations.
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