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INTRODUCTION 

The present report deals with one section in the programme of plankton 
investigartfons carried out in the Eastern Mediterranean by the former Sea 
Fishe1,ies Research Station, Haifa. 

The epizooplankton includes both permanent epipelag,ic forms as well as 
deeper water organisms which inhabit the surface waters of the sea at certain 
times of the year. In vJ.ew of the man-made changes induced in this part of 
the Mediter•ranean, :i)irst by the opening of the Suez Canal just over a century 
ago, and lately by the gradual operation cif the Aswan High Dam in the Upper 
Niile, an analysis of this plankton community, subjected as it is to the direct 
influence of these factors, may elucidate some basic problems of migration 
and distribution of species. 

For this purpose, this study included both a survey of the inshore waters 
of the Medi,terranean coast of Israel to a depth of 75 fm as well as a grid of 
stations extending over the Levant Basin of the Eastern Mediterranean to the 

* Study carrJed out within the framework of the joint project, »Biota of the 
eastern Medi-terranean and the Red Sea «, supported by the Smithsonian Institution, 
Washington, D. C., and the Hebrew University of Jerusalem. 
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Dodecanese Arch<ipelago and the Greek coastli:ne. In this way, the above 
factors affecting the distribution of species in the Eastern MecLiterranean, as 
well as the possible influence of the Atlantic current, could be taken into 
consideration when attempting to describe the characteristic features of this 
region. 

The a,rea has been the subject in recent years of an intensive study .on 
the ·physical, chemical and biological characterdstics of the Eastern Mediterra
nean. Some reports of the cruises connected with this study (designated C-01-
-C-28) have already been published (Ore n, 1966, 1967; K ,im o r and B e r
d u go, 1967; B e r dug o and Kim o r, 1968; Ore n aind Burma n, 1969; 
Kim o r and W o o d, 1975). 

METHODS AND MATERIALS 

The grid of stations sampled within the firamework of thts section of the 
plankiton investigati!ons covers the nerdtic waters of the continental shelf of 
Israel between the 10 and the 75 fm contours (Figure 1). Three fairly equi
distant profilles, perpendicular to the coastline, were chosen, covering the 
northern, central and southern parts of the Mediterranean coast of Israel. 
Along these profiles samples were taken at monthly intervals, technical, weath
er and ship facilities permitting, at set stations of 10, 25 and 75 fm. In all, 
eight such cruises were carried aut during 1968; the first one in March, cover
ing only the northerly profile of Tira, the others covering in all cases the 
central profile of Netainya and the southern ones of Rubin and Ashkelon, 
which were visri.ted alternatively and which fonm one unit far the purpose of 
the present paper. 

The offshore plankton in the Levant Basin was collected in the course 
of three cruises carnied out during 1968 in the Easte:rm Mediterranean under 
the leadership of Mr. O. H. Oren {Table 1). Figure 2 shows the loca,tion of 
stati:ons far cruises C-07, C-08, C-10, and C-11. A faurth cruise, actually the 
i)1rst one carrted aut in that particular year, was not analyzed on a quanti
tatJive basis :for technical reasons. 

The zooplan:kton samples were coJlected by a standard plankton net of 
the Villefranche ty,pe as designed and described by UNESCO (1968). It has 
an internal mouth diameter of 57 cm, a total length of 261 cm, and mesh 
aperture width of the net material of 200 ,,. 

The horizontal hauls were carried aut far ten minute periods at a cruis
ing speed of 2 to 3 knots at each station site in the direction of the next one. 

The quantities of seawater couesponding to the fLowmeter readri.ngs were 
based on caliibration:s rpreviously can,ied out on these instruments in the 
Hydraulics Department of the Technion - Israel Instttute of Technology, 
Haifa. 

The plankton samples oollected in this manner were transferred i:nto field 
jars by successive rinsings and fixed and preserved on board ship in a 4 per
cent buffered formalin. 

Displacement VTolume estilmations, expressed in cc, were carried aut on 
each sample ,in the 1'aboratory after removal of the larger forms of gelatinous 
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Fig. 1 - Location of inshore plankton profiles. 
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Table 1. Station data for offshore cruises C-08, C-10 and C-11 in the Eastern Me
diterranean (Plankton cruise C-08 corresponds to Hydrog,raphic cruise 
C-09. The hydrog,raphic data were supplied by the courtesy of Mr. O. H. 
Oren.). 

Cruise 

C-08 

C-10 

C-11 

Station 
number 

1 
5 
7 

12 
13 
14 
15 
16 
18 
19 
21 
23 
30 
31 
36 
44 
47 

1 
8 

20 
22 
24 
1 
3 

17 
21 
28 
39 
41 
43 
50 
52 
54 
55 

Latitude 

32°55' N 
35°35' N 
36°05' N 
35°30' N 
36°10' N 
35°20' N 
34°50' N 
35°55' N 
36°30' N 
36°31' N 
37°12' N 
37°38' N 
35°14' N 
34°20' N 
33°25' N 
32°25' N 

32°35' N 
34°37' N 
32°30' N 
32°30' N 
32°30' N 
33°25' N 
32°01' N 
33°25' N 
34°47' N 
33°17' N 
35°11' N 
35°35' N 
35°57' N 
34°35' N 
34°20' N 
34°10' N 
33°30' N 

Displacement 
volume 

Long•itude (cc/1000 m3) 

34°34' E 62 
35°26' E 198 
34°05' E 64 
31°55' E 65 
31 °00' E 51 
30°00' E 62 
28°55' E 104 
28°37' E 140 
28°13' E 41 
27°27' E 64 
24°51' E 76 
23°37' E 67 
26°33' E 42 
27°20' E 36 
30°20' E 20 
32°15' E 30 

146 
31°55' E 30 
32°20' E 25 
34°00' E 17 
33°21' E 22 
32°41' E 19 
33°14' E 22 
33°25' E 33 
25°15' E 22 
25°10' E 18 
22°47' E 38 
22°15' E 22 
21 °50' E 21 
22°15' E 31 
29°40' E 38 
32°25' E 14 
34°29' E 31 
34°45' E 32 

Temp. 
oc 

23.82 
23.82 
24.48 
24.44 
22.00 
21.98 
22.12 
22.40 
22.74 
22.00 
21.28 
20.75 
22.62 
23.48 
24.52 
25.24 

25.90 
25.86 
27.75 
27.26 
26.34 
22.45 
22.70 
19.08 
18.20 
19.36 
17.96 
17.94 
18.28 
17.50 
18.76 
20.14 
20.47 

Sal. 
%o 

38.93 
38.61 
37.20 
38.91 
38.77 
38.82 
39.07 
38.85 
38.94 
38.93 
39.15 
38.22 
39.21 
39.08 
39.05 
39.04 

39.22 
39.32 
39.16 
39.22 
39.26 
39.32 
39.36 
38.91 
39.15 
38.62 
38.50 
38.86 
38.68 
39.13 
39.07 
39.20 
39.,!l 

organisms and other soft-bodied components of the zooplankton, such as 
coelenterates aind pelagic tunicates. The samples were then split into smaller 
subsamples by means of a Wiiborg sphtter. • Usually one to two-tenths of the 
orig,inal sample was used for numerical counts and identifications, although 
in the case of rarer org·a111isms the counts were carried out on the whole 
sample. The numbers recorded for each taxon in the subsample were then 
related to the whole sample and computed as numbers per 1000 m3 on the 
basis of the quantity of seawater which was actually filtered thrnugh the 
nets. The major macroplankton components were then sorted and transferred 
into separate vials :fior later ta:imnomic analyses and other studies. 

Although 23 taxa in all were taken 'into consideration for the purpose 
of the numerical counts (results expressed as numbers per 1000 m 3), the dis-
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cussion reg,arding compo.sitton of species and other specific aspects is limited 
only to those grnups on which sufficient info11mation was at the authors' 
disposal, either from theirr own work or from other sources. 

RESULTS 

The lnshore Plankton 

Displacement V-olumes. - The total displacement volumes of all samples 
collected in the neritic waters of Israel during 1968 are shown in Figure 3a, b, 
c, d, e. The histograms show the displacement volumes and the numerical 
abundance values of the zooplankters of each cruise. For comparison purposes, 
hl.stograms of displacement voluines for 1967 and other stations sampled within 
the framework of other projects undertaken by the Sea Fisheries Research 
Statton are shown in Figure 4. 

An inspechlon of the displacement voiumes for each month shows that 
wruile the seasonal changes a,re at times quite pronounced, those recorded 
between one profile and another during the same cruise a,re srna.U and often 
negligi:ble. From past data, however , it appears that this is not always the 
case (Kom a r rov s ,k y, 1959; Kim or, 1965). During an annual peak in the 
Sardinella aurita fishery alcmg the Mediterranean coast of Israel in May-June 
1958, the total standing crop of plankton was found to vary considerably not 
only from one oontour line to another within the same profiile, but also from 
one profile to another. The composiition rather than the absolute size of the 
zooplankton standiing crop was found to be related to the success or failure 
of the Sardinella fishery. 

In Ap:ril 1967, the c:hsplacement volumes were fairly high, coinciding with 
or following the spl'ling phytoplankton blooms, with values reaching 113 
cc/1000 m 3 at T,ira at the 25 fm contour, and 106 co/1000 m3 at Netanya at the 
75 fm conitour. In July, a distinct decrease in the plankton standing crop was 
observed, with d'isplacement volumes not exceeding 37 cci l000 m3 off Tira and 
Netanya. This is in accordance with previous data (Kim o r, 1965) that the 
plankton standJing crop during a five-year period (1959-1963) was consistently 
at its lowest during this time of the year. 

October and November showed somewhat higher displacement volumes 
than in JuJy, with va1ues mainly between 20 and 54 cc/1000 m3, with local 
fluctuations between one pl"ofile and another. 

In Decernber, there was a steep nise in t.he displacement volumes, parti
cuJarly at Netanya, with values of 125 and 226 cc/1000 m3 at 10 and 25 fm 
contou!"s respectively. At the Tira and Ashkelon profiles, this rise was more 
moderate, with displacement volumes not exceeding 67 cc/1000 m3. 

As will be shown below, this ·rise, which seems quite unusual for this 
time of year, could be direotly correlated with a parallel increase in the 
numerfoal a:bundance ,of the major z·ooplankiton groups. 

Numerical Abundance. - In general, there is a direct relationship be
tween the displacement volumes and the total number of individuals of tb.e 
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Fig. 3a - Displacement volume (cc/1000 m 3) and numerical abundance (no/1000 m3) 
of inshore zooplankton from the Tira, Netanya and Ashkelon/Rubin pro
files for April 1968. 
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of inshore zooplankton from the Tira, Netanya and Ashkelon/Rubin pro
files for July 1968. 

major zooplankton gDoups. This may be explained on the basis of the major 
role of the Copepoda as biomass formers in view of their dominance in the 
general composition of the plankton. This was particularly true of the season
al peaks in April-May and December 1968 which consisted largely of copepod 
crustaceans. 

In exceptional cases, such as July 1968, there were considerably hi,gher 
numbers of oTganisms corresponding to given displacement volumes as a 
result ,of a preponderance of smaller types of z.ooplankton, such as cladocerans 
and thecate pteropods. During this pa:Dticular month, there was a noticeable 
decrease bo,th in the number of indivd.duals of Copepoda as well as in their 
relative proportion to other g•roups. This acoounted fur a larger share of the 
latter in the general composti.tion of th€ pfankton commundhles. 

Similar cases of abrupt changes in the composition of a plankton commun
ity either through active predation by carnivorous zooplankters or through 
sheer competiition within the same ecosystem, are known from both the 
Eastern Mediterranean and elsewhere tK om aro v s k y, 1959; F rase r, 
1962), 
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Components of the Zooplankton. - 1. Copepoda. This was by far the 
most importanit group in the composition o.f the zoopl,ankton, bo.th as the 
largest contributor to the displacement volumes due to their numerical abund
ance as well as species diversity. Of the three suborders of Copepoda, the 
Calanoida were by far the most impoo-tant as biomass formers and species 
represen:tation, though at times the Cyclopoida, especially the Corycaeidae, 
bec,ame quite numerous, such as in December 1968. 

In general, it may be said that the peaks in the distdbution of Copepoda 
coincided wi:th the two seasonal peaks of the total zooplankton, namely in 
April-Miay and December. During these peaks, the group reached values of 
762,000/1000 m3 at 25 fm contour and 940,000/1000 m3 at the 10 fm contour 
respeotively. In July and October, the numbers of copepods were noticeably 
lower than during the main peaks. 

From the po.int of view of the distribution and numerical abundance of 
species, the diff.erences between one season and another were oonsiderable. 
The sprling peak in Apnil off Tira consrsted of three species: Paracalanus 
parvus, Centropages kroyeri and Isias clavipes, with Acartia clausi as a minor 
constituent. During the same month, the composition .of species along the 
southern profii:le off Rubin was only .partly simHar. In addition to Paracalanus 
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parvus and Centropages kroyeri, Acattia clausi was quite numerous, while a 
mavked decline was observed in the numerical abundance of lsias clavipes. 

The seoond peak in December was chamcterized not only by the high 
numerical abundance of the members of thies group, but also by the number 
of species. The nu.rnber of ca'1,an,oid species reached 20 compared to 7 in April. 

The main species of copepods makiing up the December peaik were Para
calanus parvus, Clausocalanus furcatus, and Temora stylifera of the Calanoida; 
Corycaeus .sp. and Oncoea sp. of the Cyclopotda; and Euterpina acutifrons of 
the Harpacrticoida. In addition to the principal species there were others that 
occurred in low numbers and characteristic ,of deeper water layers which were 
recorded in the •subsurface layer. This fact may be explained in the light of 
homothermic condii:tions prev,aHtng at this time of the year. Among such 
species were Lucicutia flavicornis and Euaet-ideus giesbrechti. 

Fvom the point of view of the :seasooal di:st:riibutiorn, the species of Cope
poda may be grouped as a) present throught the year (Paracalanus parvu;,, 
Temora stylifera, Clausocalanus furcatus and Corycaeus sp.); b) present mainly 
durimg spring (Centropages kroyeri and lsias clavipes); c) present mainly 
during November-December (Calocalanus styliremis, Oncaea sp. and Euterpina 
acutifrons; the l•atter •present also durirng July). 

2. Cladocera. The Cladocera were represented by species belonging to the 
two genera, Evadne and Podon; the former by E. spinifera and E. tergestina, 
and the l,atter by P. polyphemoides. All these species are known as mainly 
neritic and particulairly abundant during the summer mo:nths. There were no 
specific differences in t.he distribution of these species along the coast. The 
highest numerical values were recorded dU!ring July, when the total number 
reached 454,000/1000 m3. A lower peak was recorded in Ap11H off Tira at the 
25 fm contour when the number of cladocerans reached 122,000/1000 m3. 

The pronounced decline in the abundance of Cladocera was recorded in 
October (to about 25,000/1000 m3) and dropped still further during the follow-
ing month, and disappeared almost completely from the plankton in De
cember. 

Although no data are avaiilable fvom the coastal watel'IS of Israel for the 
months of August aind September, the virtual disappearance of the Nile 
flood from the Eastern Mediterranean as a iresult of the operation of the 
Aswan High Dam is apparent. Previously, the drop in the saltnity of the 
seawater as a result of the arrival of the Nile flood caused an a1most imme
diate rise in the abundance of the cladoceran Podon polyphemoides, a typi
cally euryhaline species, to a state of mass deve1opment (Kom a r ,o v s k y, 
1952; O r e.n and Kom ,aro v s k y, 1961). Evadne spinifera and E. terge
stina occurred together in varyding p110portion, as was the case during the 
first peak in April-May, while Podon polyphemoides occurred mainly during 
the summer peak :tn July. 

3. Chaetognatha. The group was represented by the two species most 
common tn the nertitic watens of this regri.on, Sagitta friderici aind S. enflata. 
Both species are known as neritic and epipelagic, although S. friderici was 
found to be more common in at the 10 and 25 fm contours, whereas S. enflata 
was more common at the 75 fm contour. 
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Two seasona,l peaks could be detected in the abundance of Chaetognatha 
which coincide fully with the seasonal peaks of April-May and December 
recorded for the plankton as a whole. These peaks consisted of Sagitta fri
derici as the dominant species during the late spring maximum, and of both 
S. friderici and S. enflata as an additional species in the early w:inter one. 
The number of specimens, :includi.ng immature stages, reached 122,000/1000 m3 

in May and 44,000/1000 m3 in December. A number of individua! specimens 
of Sagitta bipunctata were recorded du-dng the October cruise off Ashkelon. 

As the two ma,in peaks (AprH-May and December) were caused mainly 
by large populations of copepods, the parallel trend in the maXJima of Chaeto
gnatha seems more than coincidental, especially if the respective data are 
examined for all the cruises carried out during this particular year. As the 
copepods are knoWIIl to be important as food for Sagitta, it can be assumed 
that the chaetognaths are favored in their development by the rise in the 
populations of the copepods. This is especially true of Corycaeus sp., which 
was frequently observed either in the digestive tracts of Sagitta, in transpar
ent specimens or in the process of being swallowed. This may indicate not 
only that copepods are important as food items for the chaetognaths, but also 
that theTe may be a ce,rtain measure of feeding selectJi.v,ity of indri.vidual 
specd.es. 

4. Mollusca. The pelagic Mollusca recorded belong to two orders of Gast
ropoda, Pteropoda and Heteropoda. Among the easily identified genera of 
Pteropoda, all of wh.ich belong to the suborder Thecosomata, were Creseis 
and Lirnacina, both of which were quite common in the coastal waters of 
Israel. For the assessment of numerical abundance, counts were made of an 
representatives of thris group, including unidentified genera and species. 

One peak was observed in July with v,alues just exceeding 200,000 indi
viduals/1000 m3 along the Till'a-Nahariya 25 fm contour. October and Novem
ber showed low values not exceeding 14,000ilO00 m3, while in December there 
was a steep rise off Netanya between the 10 and 25 fm conrtours. 

The order Heteropoda included representatives of the two famillies Ptero
tracheidae and Atla,ntidae. The two most common genera Pterotrachea and 
Atlanta, whenever present, occurred only in small numbers. 

Larv:al sfages of Lamellibranchiata were also foUJI1d to be quite common 
in most of the samples, with a peak in December off Netanya between the 
l O and 25 fm contours. 

5. Decapoda. On the basis of the data for 1968, the representatives of the 
order Decapoda, consisting largely of larval stages of many meroplanktonic 
groups, as well as mature and larval stages of the holoplanktonic Lucifer, 
were recorded in all eight cruises carried out during that year. Although no 
data are available for some of the summer months, when the decapod larvae 
are kn:own to abound in the plankton, the da1Ja showed a distinct increase in 
numbers during the monrths of October and December. In October, the number 
of Decapoda reached a ma:x;imum of 125,000il000 m3 in the Haifa Bay area 
and decreasing values towards the south, consisting mainly of Lucifer. At 
those stations where Lucife1· was not predominant, the prevailing types of 
decapod larvae belonged to Anomura, Brachyura and Maor,ura, occuNing in 
varying proportions from place to place. 
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'11he December maximum in the occurrence of Decapoda cuinoided with 
the total zoorp:Jiari;kton peak, consisting largely of Macrura and Anomura and, 
to a lesser extent, of Brachyura. The genus Leptochela. was the main repre-
sentative of the suborder Macrura. 

The numerical abundance of the Decapoda larV1ae during the earUer 
month of 1968 was far more limited, with values not exceediing 5600/1000 m::_ 
ln April the Decapoda consisted mainly -of Brachyura zoea and megalopa, 
and in J-uly, of all the other groups mentioned ,above. An exception, however, 
was recol!'ded off El Arish, when the total number of decapod larvae reached 
30,000/1000 m3 at the begiinning of July. 

The Macrura Na1antia included the families Penaeidiae, Sergestidae, Pasi
phaeidae, Paraemonidae, A1phaeidae, Hippolytidae and Processidae. The ma
terial also inclruded representatives of a n,umber of fami1ies hiitherfo uniden
tifaed. The Macrura Reptantia irncluded the families Upogebi:idae and Calli
anassidae. In addition, Phyllosoma larvae were also recorded in the plankton 
which cou1d be reliaited to either or both of the f.amilies Pal~nuriidae and 
ScyUaridae. 

6_ F,oraminifera. The most common species was Globigerina bu!!oides. 
Although generaHy present •in low numbers, it occasionally reached high 
aibuindance at indiv,idual stations, such as at Tura in July (54,000/1000 m3) and 
in October (14,000/1000 m3). Representatives of other genera, such as Tre
tomphalus, also showed . a sporadic occurrence at most profiles along the 25 
fm contour. 

7. Ooelenterata. The species of Hydromedusae from the collection identi
foed by Dr. Mail'·ta Vannucci in 1969 included Liriope tetraphy!!a, Aglama 
hemistoma and Geryonia proboscialis. These speaies were found in low num
bers without any defi.!ruilte pattern of di:stribwhon. Of the speoies, L. tetra
phylla was by far the most common. Kom aro v s k y (1959) repo,rted L. 
tetraphylla as a dominant element of the plankton causing widespread 
depletion of -other zooplankton gvoups. 

Additttonail. samples conta·i:ning Hydromedusae were cheoked by DL Hans
Eokart Schmidt in 1970 and he noted the sporadic occurrence of Rhophalo-
nema velatum and Eirene viridula in addiibo:n to the more common species 
idenitri.fied by Dr. Vann,ucci. 

The Siphonophorria recorded in the collections belonged to the 01Tder Caly
cophora, which inc1uded colonies of pneumaitophores. Generally, they occurred 
in low numbers as nectophores, mostly in fall and early winter. A 1 var ino 
(1974) reported on the siipho-nophores from the area considered in the present 
p-aper. 

8. Ostr.acoda. The Ostracoda were found to be very .rare du·ring spPing 
and summer and increased in numbers (-up to 1700/1000 m3) only in December. 

9. Peracarida. The two groU1ps of Peracarida, Amphipoda and Mysidacea, 
were present in the plankton in 1ow numbers. No special trends in their 
distribution were detected. 

10. Echiinodermata larvae. These larvae showed, like the preceding groups, 
only a siporadiic occurrence duTing the summer months, reachd.ng a somewhat 
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higher concentration in December (11,000/1000 m3) along the Netanya and 
Ashkelon profiles. 

General Characterostics of the Neritic Epizioopl:ankton. - The plankton 
is characterized by the presence of two main annual peaks consis1ting in both 
cases of large populations of copepods. Thi.is is generally consistent, with the 
results -of the s.urvey ,along the coast of I-srael in 1967. The December maxi
mum, however, coinsisted also of large po-pulations of other zo•oplaI11kton 
groups, chiefly Chaetognatha, Pter,opoda and larva-1 Decapoda. The 1968 De
cember peak in zooplankton production was unusual if compared to data from 
the previous year on the population dynamics of Copepoda (B e r dug o, 
1969a) and to semi-quantitative data fmm earlier years. No explanahon can 
be ,offered for the .steep 11ise in zooplankton prioduction iin December 1968 
neither from the data from previous years nor from the physical data colled
ed simultaneously with the plankton samples. 

The Off shore Plankton 

Displacement Volu:mes and Numerical Abundance. - The d·isplacemen1. 
volumes for the three cruises showed higher numbers fo,r the May-June 
cruise than for those of September and November-December as seen in Table 
1. Even considering the fact that in im.dividual cases the high :fiigures obtained 
for the May-June cruise (198 cc at statiion 5 and 146 at s-1:iation 47) may have 
been the result of night samp1ing, the trend indicating a higher zooplankton 
standing crnp during this crni!se as compared to the la.tter 1is qud.te obvi.ious. 
This can be shown by the mean values for the c1ispliacement volumes for 
these cr:uises, which were 52 cc during May-June, 23 cc dur-ing September and 
27 cc du11tng November-December. A similar trend cain be observed in the 
actual numerioal abundance of the organisms during these oruises, when the 
hi,ghest numbers dropped considerably, although not in the same seasonal 
sequence due to the actua,l size of the domina.ting organisms in the plankton. 

The displacement volumes of the plankton samples collected during the 
cruises are given in Table 1, and represented in Fligures 5, 6 and 7 as oircles 
whoise radli,i are calculated on the basiis of the logarithmic numbers of the 
actual values. In the ctrcles, the relative proportion of the maj,or zooplankton 
groups i,s based ,on percentages of the total zo:oplankton. 

Components of Zooplankton. - The following discussion is limited 
only to the major zooplankton groups more or less in the order of their numeri
cal abundance in the plankton. 

1. Copepuda. The Copepoda constituted the main component of the 300 
plankton samples of the three cruises, reaching at times up to 85 percent of the 
numerical composa.tlon of some of the samples. As in the case of the inshore 
waters discussed above, the Calanoida were the main element in the Levant 
Basiiin samples, although in some cases the CyclopOlida represented by one or 
several species of Corycaeus were doma.nant. 

F-or cruiise C-08 (May-June), the numerical abundance of the Copepoda 
was highest, although cons,isting of a small number of spec~es (Figure 8). For 
the following oruise, C-10 in September, the average nurmerical abundance of 
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Fig. 5 - Displacement volume of total zooplankton (circles, cc/1000 m3) anđ relative 
percent of main zooplankton groups (divisions within circles) for stations 
of offshore cruise C-08, May-June 1968. 
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the Copeipoda was 1ower, with the exception of station 1 (the sample may have 
been collected with a finer net, thus retaining the larval stages), but consist
ing of a larger number of species. The downward trend in tlle numerical 
abrundance conmrnued in C-11 (December) to an even gtea.ter extent. 

The dominant species of Copepoda recorded in these cruises were as 
follows. Clausocalanus fnrcatus was found to be present in all the samples 
and especially abundant in C-08 and less so 1in C-10 and in C-11. Temora 
stylifera occurred in }ower numbers than C. furcatu.s, but was recorded at all 
stations in May-June and at a few only in September and December. Paraca-
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Fig. 8 - Abundance (no/1000 m 3) of the most common species of adult Copepoda 
jor stations of ofjshore cruise C-08, May-June 1968. 

!anus parvus, a neritic spec~es which was among the most important consti
tuents of the Littoral plankton of the Mediterranean coast of Israel, was 
recorded only i!n the C-08 cruise, dose to the coast or several of the isl.ands, 
thus con:fiirming i,ts ne:rtitic charncter. At these localities, the occurrence of 
C. furcatus was more limited. Corycaeus spp. were reco.rded in all samples, 
especiailily du:riing C-08. 

~ Fig. 7 - Dis•placement volume of total zooplankton (circles, cc/1000 m 3) for 
stations of ojfshore cruise C-11, November 1968. 
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Species of lesser tmportance as constituents of the Copepoda fauna in 
the Levsant Basin, though common in some of the cases, included Calanus 
minor, Acartia negligens, Centropages violaceus and Euchaeta marina, the 
laitter almost never recorded in the inshore samples. 

2. Cl-adocera. The Cladocera were the most abullldant duriing the May
June cruise, when they constituted up to 21 percent of the numerical com
position of the total zoo:p1ankton. At individrual sfahl!ons (15 and 44 of cruise 
C-08), however, where the copepods were less numerous, the cladocerans con
stituted a higher proportion, reaching value..c; of 35 to 75 perce.nt although the 
actual .nu:memcal ab:undance of the species was higher than in other areas. 

Duriing the September cruise, there was a drop in the abimdance of Cla
docera, w,ith values not exceeding 3 to 7 percent except at station 24 where 
the group reached 20 percent. In December, the Cladocera were found at their 
lowest numeriical abunda,nce, thus conforming their thermophi1ic character. 

The two main species recorded in the Levant Basin were Evadne terge
stina and E. spinifera, whii.ch generally occurred together, a1though E. spinifera 
was dominant in the offs>hore samples. 

The ahsence of Penilia avirostris both foom the inshore and the off.shore 
areas of the Levant Basin is conspicuous and confirms earlier unpublished 
data. 

3. Chaetognatha. As ~n prevtous cruises carried out ii.n the Eastern Medi
terranean, many of the s-pecimens recorded in the plankton samples were 
immature stages which did not allow for identification to specific level. Dur
ing the May-June cruise, adult specimens of Sagitta enflata were recorded 
at stations 1, 5 and 47, all fairly close to the Eastern Mediterranean coastline. 
This confirms the ,seminerHic and epipelagic character of thiis species reported 
by F urne s t d n (1960). 

From the point of vJew of numerical abundance, the Chaetognatha con
stti.tuted only a small part in the general composition of the offshore zooplank
ton, up to 4 percent in C-08 cru;ise, 2 percent iiil C-10 and still less in C-11. 
However, the role of thJis giioup in the trophic cycles in the sea cannot be 
measured only in terms of numbers, in view of the predatory and highly 
competitive chamcter of some of the .speoies of which Sagitta enflata is an 
outstanding example. 

Low numbers of Sagitta bipunctata and S. serratodentata were recorded 
in June and December respectively. The occurrence of S. serratodentata (a 
mesopelagic species) in December, and of S. bipunctata (an oceanic species) 
at offshore stations confirms their normal pattern of distribution. 

4. Mollusca. The Pteropoda, represented mainly by the Limacina~onsti
tuted an impo,rtant element of the zooplankton of the Levant Basin. At some 
of the stat1ons in the vic:li-nHy of Rhodes Island, they formed 30 to 40 percent 
of the zooplankton by number of individuals and in exceptio,n,al cases such 
as at stations 23 and 34 up to 75 percent. The numerical abunda,nce of the 
pteropods dropped noticeably in September to 7 to 18 percent, and reached 
its l-0west value in December. In additron to Limacina, the order also included 
representatives of Creseis and Styliola . 

The order Heteropoda included representatives of both fami1ies Atlantidae 
and Pterotracheidae in limited numbers, the latter mainly at stations fa:irly 
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close to the Is,raelri and SyI'lian coastlines. The genus Atlanta occurred on the 
whole at more stations and in higher numbers than Pterotrachea. The occur
rence of larval stages of Lamelliibranchiata was noticed at most stations during 
the May-June cruise and to a lesser extent during the September cruise. 

5. Decapoda. The decapod larvae rin the offsho-re plankton stations consi
dered in thris sectfron belonged chief.ly to the family Sergestidae, with repre
sentatives of Sergestes in larval siages and Lucifer in bo.th larval stages and 
adulits. The total number reached 12,000/1000m3 in May-June, consisti.ng 
mainly of Sergestes. The data for September and December showed consi
derably lower values. Of the three suborders of Decapoda, the Macrura 
Natantia were found to be most common. The representative genus Lucifer 
occurred mainly li:n larval stages duTing September, and as adults Jn Decem
ber. The family Penae1dae was represented among others by Gennadas elegans, 
which was recorded at all open sea stations during the February cruise. 
This record confirms previous information regardi:ng the distribution of this 
species in the eastern basin of the Mediterranean Sea as reported by H o 1 t
h u i s and Go t t 1 i e b (1958). 

Addi<tiional representatives of Maorura Natantia, which occuT-red .iin low 
numbers, belonged to the famHies Alphae1dae, Palaemonidae and Pasiiphaeidae 
(Leptochela) ,in addition to other unidentif.ied families. The plankton samples 
of the 1968 crUJises to the Levant Basin also li:ncluded low numbers of decapod 
larvae of Maorura Reptanti1a of the Phyllosoma type, Anomura and Brachyura 
(roea and meg,alopa stages), the latter rin higher numbers ait the coastal 
stations. 

6. Other grourps. In contrast t·o the preceding taxa, in which special 
trends could be ascertained due either to horizonta! distribution or to numer
ical abundance, the remaining groups did nat allow for an assessment of 
the<ir speoific role liJn the plankton communities. However, some of the groups 
did in fact reach higher numbers at individua! stati!ons, thus forming a noti
ceaible constituent of the total zooplankton. For example, the Append:icularia 
were f.aiirly numerous during May-June (C-08) espeoially at offshore stations 
and the Mysidacea a,nd Sihponophora at individua! stahl:ons. 

General Charactecistics of the Offshore Epizooplankton. - A cerfai:n 
simhlal'lity between the oomposition of the epizo.oplankton of the Levant Basin 
and the coastal areas of the Eastern Mediterranean could be detected. In 
both reg~ons, the Copepoda formed the ma>in constituent, with the Oalanoida 
dominating the plankton communities both in numerical abundance and species 
diversity. The two addiit1onal groups of importance as bi:omass formers were 
the Pteropoda du111ng all the cruises and the Cladocera during the summer 
months. 

For obv,ious reasons, the larval stages of sedentary organiisms were far 
more restricted in their d1stribution in the offshore statlions than in the neritic 
waters. 

DISCUSSION 

:Ln considering the varfous aspects of zooplankton production presented 
i:n this report, a nu.mber of facts and problems emerge. There seems to be 
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a certain period,ic:ity lin the seasonal cycles of zooplanldon produc1Jion if the 
data ,obtained from 1968 are compared to those of the precechng year. This 
is especially true ,of the coasital waters of Israel (to the 75 fm contour) where 
two distinct maxima in zooplankton pPoduction exist, one tn late spring and 
early summer fol1owing the phytoplankton blooms, and a seoond one in fall. 
A peak was rec-orded in the coastal waters duriing December 1968, oonsisting 
of unusually high numbers of several zooplankton groups. Th•is rema,rkable 
peak came after a moderate one in September-October, which seemed to 
coancide wlth the regular late summer peaks and which were stimulated in 
earlier years by the arr-ival of the Nile floods al-ong the Mediterranean coast 
of Israel. 

A sahent feature of these peaks in zooplankton producifron, both in the 
inshore and offshore waters of 'the Levant Basin, ris the predominance of 
iarge populations of Copepoda in the samples. With a number of exceptions, 
the copepods formed up to 85 percent of the total zooplankton s1Janding crop. 
Among the represen:tatives ,of this group, the calano.ids were the most common 
as well as the most abundant at most of the stations. 

The study of Copepoda as a major facto.r lin zooplankton pmductton pro
vided •information on the predominately neritic and ,oceanic species. The cala
noids Paracalamls parvus, Centropages kroyeri, Isias clavipes, Acartia clausi 
and the harpactico,id Euterpina acutifrons are considered as strictly neritic 
wh-ile Euchaeta marina and Calanus gracilis are chiefly ,oceanric. Other species 
of impo,rtance among thi:s group are equally di-stributed •in coasta,l as well as 
in offshore watern includ,ing Clausocalanus furcatus , Temora stylifera, Centro
pages violaceus and Acartia negligens. These daita confu.rm and ,add further 
weight to earfoer f,ind·1ngs regard,ing the distribution patterns of the Copepoda 
reported by B e r dug o (1969b). 

Similar examples may be quoted fr.om the distr,iibution of Chaetognatha, 
Cladocera and decapod la•rvae. A dis1linc1Jim1 between nen1tic and oceanic 
species was found in the coastal vvaters of farael, and a1so i-n ·the coastal 
waters of other areas in the Levant Basin, including the Anatolian ooast 
of Tur<key and nearby 1islands. Thus a number of 1indioartor species wa,s ascer
ta·ined based ,on •ocourrence in suf:focient numbers i:n the same wa-ter masses. 
Ex,amples of such :i.nd,icator speaies of Chaet,og.natha, Copepoda and Glad:ocera, 
include species previously established as .indicators. 

An i,mportant feature whiich emerged from this study :i.s the occurrence 
of mesopelagic speoies ·in the . surface waters dur1ng the winier. Typical 
examples included species of copepods belonging to the genera Liicicutia, 
Euaetidetls and Pleuromamma, and the chaetognath Sagitta serratodentata, 
all known as mesopelagic, which were recorded in the surface waters in 
December. Th'is phenomenon has been repeatedly pO'inted out w1ith regard 
to several taxa of the microzooplankton by Jo r g e n se n (1920), and more 
recently by Kim o r (Hl71) with regard to the distribution •Of Acantharia and 
Radiolania. 

The .mixing processes taking place in winter in the Levant Basin take 
as long as three months in order to induce conditions of total hornothermy 
ln the upper layers of the .sea. These processes involve water straita fo a depth 
of 200 m 1in Mansden Squa-re 141 (east of Mericlian 30° E) and, to 400 m in 
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Marsden Square 142 (west of Meridian 30° E (O r e n, personal communica
bon). This seems to fit with data reported here regarding 1Jhe z•ooplankton 
distribufaon. Du11ing the rest of the year, when stratificatron of the water 
layers sets in, the meso- and bathypelagic elements are found only in the 
deeper strata. 

The present report tends to co.nfirm earher data on the structure and 
chamcteristics ,of the plankton communit.ies on both sides of the Suez Canal. 
The extensive surveys and analyses of neritic and offshore plankton in the 
Leviant Ba,sin considered in this repo.rt confirm earlier data on the existence 
of suffioient species of chaetognath populaitions :in the Leviant Basin and i:n the 
Red Sea, while other groups, such as the cladocerans (w.i.th one exception), 
inc1ude spec'ies which are common to both areas (Kim ,o r, 1972). The exception 
is Penilia avirostris which •is ipresent in the Red Sea and the Suez Canal but, 
so far, never recorded from the Eastern Mediterraneam.. The ,p:rocess ·of ,immi
gration of speoies from the Red Sea into the 1~astern Mediterranean through 
the Seuz Canal is a dynamic one, apparently going on conhrnuously. Recent 
evidence has been provu.ded by some oopepod ,species prev'iously known only 
from the Red Sea and the Suez Canal, which were recorded at Eastern Me
d,iterranean statio1ns in the course ,of the prresent research program. The occur
rence of the calanoid Acartia centrura, known as a species of Indo-Pacific 
origin, in the neritic waters of Israel in 1968 (B e r dug o, 1974) supple•• 
ments the informahon already reported on of the occurrence of Calanopia 
elLiptica and C. rnedia along the Mediterranean coast of Israel (B e r dug o, 
1969b). 

All these species considered as faiJrly new immigrants ,into the Eastern 
Mediiterranean were, so far, recorded only .i.n the coastal waters of Israel, 
and nat in the offshore region ,of the Levant Basin or .in the vlioinity of the 
different islands. This is .also true of the Leptochela (Decapoda) which in
c1udes speoies ·of Indo-Pacific ,ori,g.i:n, which was simHarly recnTded near the 
coastal waters of Israel. 

SUMMARY 

An analysis of the plankton of the Eastern Mediterranean was carried 
out on a quantitative basis within the framework of a five-year research pro
gramme on the »Biota of the eastern Mediterranean and the Red Sea«. The 
present ,report refers both to the coastal as well as to the off&hore epizoo
p1antkton commtmities of the Eastern Mediterranean recorded _ and analyzed 
over ,a one-year period in 1968. 

The results nf the ner,itic zooplankton analysis of the Eastern Mediter
ramean indicated the presence of two main annual peaks, ,in Apvil-May and 
Decemeber 1968, both consisting of large popula1Ji:ons of pe1'ag,ic copepods, 
The December peak, however, consisted also of large ,popu1aitions of other 
zooplankton groups, chiefly chaetognaths, ,pteropods and l•arval decapods. 
A similar trend relating to the dominance of pelagic copepods was also observ
ed in the offshore zooplankton communities of the Eastern Mediterranean. 
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Among the pelagic copepods, the calanoids dominated the plankton 
communi-ties both in the coastal as well as in the offshore waters of the 
Eastern Mediterranean. In the offshore waters, the pteropods and the clado
cerams constituted elements of major importance next to the copepods as 
biomass formers. 

The quaLitaiJive examination of the zooplankton in iJhe coastal and 
offshore wat ers enaibled the selectton ,of organisms chamcteritstic of the two 
areas whiich may be used as indicator species. 
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ABUNDANCIJA, SASTAV I SEZONSKA RASPODJELA 
EPIZOOPLANKTONA U UNUTRNJIM I VANJSKIM VODAMA 
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KRATAK SADR2AJ 

Iznose se rezultati jednog dijela petogodišnjeg programa ,planktonskih is
L..aživanja istočnog Medii.terana i Crvenog mora. 

Rad tretira epizooplanlktonske zajednice unutarnjih i vanjskih voda istoč
nog Mediterana u 1968. godini. 

Zabilježena su dva glavna godišnja maksimuma (travanj-svibanj i prosi
nac) neritsikog zooplainktona koje sačinjavaju .pelagiijski kopepodi. U drugom 
maJksimumu sudjeluju, međutim, i populacije drugih zoopl:anktonskih grU1pa, 
prvenstveno hetognata, pteropoda i larvalnih dekapoda. Pelagijski kopepodi 
prevladavaju i u zooplanktonskim zajednicama otvorenih voda istočnog 
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Mediterana. Među pelagijskim kopepodima, u oba područja, prevladavaju 
kalanoidi, a osim njih u otvorenim vodama i pteropodi i kladoceri sačinjavaju 
elemente od najvećeg kvantitativnog značenja. 

Kvalitativna opažanja zooplanktona unutarnjih i vanjskih voda omogučila 
su izbor karakteriističnih organizama za oba područja, koji mogu da budu 
upotrebljeni kao indikatorske vrste. 


