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On the ecological role of Copepoda in the Suez Canal marine ecosystem

Hamed El-Serehyl*, Sawsan Aboul—Ezzz, Amein Samaan’ and Nasser Saber’

1. Suez Canal University, Faculty of Science, Department of Marine Science, Ismailia, Egypt
2. National Institute of Oceanography and Fisheries, Alexandria, Egypt

ABSTRACT

Species-specific abundance of copepods was determined at monthly intervals at 10 stations in the
Suez Canal water between June 1994 and May 1995. Sampling stations were chosen to represent
different environmental conditions and human activities along the navigational path-way of the
canal. A total of 24 copepod species belonging to 17 genera within the orders: Calanoida,
Cyclopoida and Harpacticoida were recorded in the present investigation. The densities of total
copepods in the surface layer (0-5 m) were higher than those in the sub-surface (5-10 m) and near
bottom layer (10-15 m). Copepod nauplii and copepodites formed 22 % and 58 % of the total
copepod counts, while the rest comprised the adult copepods. In the Suez Canal, only 3 species
formed the main bulk of copepods, namely: Oithona nanan (Giesbrecht), Paracalanus
crassirostris (Dahi) and Euterpina acutifrons (Dana) and with an average of 5590, 438 and 496
ind. m”, respectively. There was a seasonal cycle with low winter and high summer abundance in
the canal water. The copepod community of the Suez Canal is characterized by low species
diversity. The inverse relationship observed between equitability and the magnitude of standing
crop of copepods was discussed. Moreover, the importance of copepods in the marine food web
and secondary productivity in the canal water, as well as their response to environmental variations
in the Suez Canal ecosystem were discussed.
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INTRODUCTION

Copepods frequently form the largest component of zooplankton biomass and are major
herbivores in marine communities. They and their developing progeny form the main food
supply for many plankton predators such as pelagic fish and medusae (Cushing 1995; Hay
1995). The production of copepods in any natural water mass is often considered equivalent to
the secondary producers as most of them, particularly their larval and copepodite stages feed
directly on phytoplankton. They usually outnumber other planktonic groups both numerically
and in number of species. The distribution of Copepoda in the Suez Canal was first estimated
by the end of the 19" century (Giesbrecht 1897). Later on, Thompson & Scott (1903)
enumerated the different copepod species in samples collected from Suez Canal. Gurney
(1927) reported copepods and cladocerans in Suez Canal and Suez Bay, while MacDonald
(1933) studied the distribution of phytoplankton and zooplankton in the Suez Canal. More
recently, Kimor (1972) estimated the copepod group among the fauna of the Suez Canal.
Abou-Zeid (1990) studied the distribution of zooplankton in Lake Timsah on the Suez Canal
with especial reference to Copepoda. El-Serehy & Shalaby (1994) studied the distribution and
numerical abundance of zooplankton along the Suez Canal. Finally, El-Serehy et al. (2000)
discussed the distribution of zooplankton communities and their relationship to environmental
variables in the Suez Canal marine ecosystem. Other related investigations were also
conducted about the distribution of copepod and zooplankton communities in the Red Sea
(Ponomareva 1966; Gordeyeva 1970), in the Suez Gulf and Suez Bay (Aboul-Ezz et al.
1995) In the Gulf of Aqaba (Almeida Prado Por 1985), in the Arabian Gulf (Michel 1986;
Hussein 1992; El-Serehy 2000) as well as in south Eastern Mediterranean (Dowidar & El-
Maghraby 1971; Hussein 1977; Nour El-Din 1987).
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The present study deals with the spatial distribution and seasonal variation of copepods in
Suez Canal, as well as the effect of the prevailing environmental conditions on their
abundance.

MATERIALS AND METHODS

Canal as shown in Figure 1. The stations of 111, VI and VII are :

affected by different inland discharges since they receive domestic
effluents from the main sewer of Port Said City (St. III) and Ismailia
City (St. VI & VII), and also freshwater from Lake Manzalah (St. III)
and Abassa freshwater Canal (St. VI &SVII). Quantitative sampling
of zooplankton was performed monthly in the Suez Canal during the
period June 1994 to May 1995, using standard plankton net (55-pm-
mesh size and with a mouth diameter of 17 cm and a total length of v
100 cm) provided with a closing mechanism. At each station, the net
was hauled vertically from a depth of 5 metres to the surface, then
from 10 to 5 metres and finally from 15 to 10 metres, depending on
the proper depth of the sampling station. The collected samples were
then preserved in 4% formalin solution and their volumes were
adjusted to 100 ml. Sub-samples of 2 ml were transferred into a
counting cell and each plankter was counted separately under an
inverted microscope. For each samples three replicates were
estimated. Accurate identification of copepods was carried out by
inspection of separate organisms on glass slides while they were
embedded in a mixture of glycerol, alcohol and water ina ratio of 1: 1:
2 respectively. A solution of ligin pink in polyvinyl lactophenol
proved to be a satisfactory medium and stain in the same time.
Species were identified using Newell (1963); Mori (1964); Gonzalez
& Bowman (1965); Bradford-Grieve (1972 & 1994); Bradford-Grieve
& Jillett (1980); Bradford-Grieve et al. (1983) and Heron & Figure 1: A map of the Suez Canal.
Bradford-Grieve (1995).
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The choice of an index to measure species diversity is complicated by the fact that it
comprises two components — species richness and species evenness or equitability — and
although some indices combine both components, this can obscure potentially useful
information (Death & Winterbourn 1995). Thus, several indices have been used; each of
which measures a slightly different aspect of diversity. These are: (i) species number; (ii)
Margelef’s index (Margelef 1968; Clifford & Stephenson 1975), which is a simple measure of
species richness; and (ii1) Heip’s index (Heip 1974) which measures evenness or equitability.
During sampling, the surface water temperature was measured (to 0.1 °C.) in the different
stations by a standard thermometer. The subsurface and near- bottom temperatures were
measured with a reversing thermometer fitted to a frame on a Nansin bottle. The water
salinity was measured by using an induction salinometer YSI Model 303 S.C.T. meter. The
salinometer was constantly calibrated by using standard seawater.

RESULTS
The sub-class Copepoda appeared as the predominant component of zooplankton in the Suez

Canal. It contributed numerically 52.3 % of the total zooplankton population with an annual
average of 33250; 17930 and 10243 org./m’ for the surface layer, sub-surface and the near
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bottom layer respectively. The adult copepods formed only 20 % of their total counts while
copepod nauplii and copepodites represented the rest. The Copepod community comprised 24
species belonging to 17 genera within the orders Calanoida (15 species), Cyclopoida (6
species), and Harpacticoida (3 species) (Table 1). Only 3 species formed the main bulk of
copepods, namely Oithona nana (Gisbrecht), Paracalanus crassirostris (Dahi) and Euterpina

acutifrons (Dana).

The copepodite stages contributed collectively 22 % of
the total copepod counts. Their vertical distribution
showed the highest values in the surface and near-
bottom layers of station V (average 14009 and 3368
copepodites/m’ for the two layers respectively), and
the sub-surface layer of station II (average 7523
copepodites/m’), while the lowest records were
observed at station X (Fig 2). Regarding their
monthly variations, their higher densities were
observed in summer with peak in June, while the
lowest were recorded in winter especially in January.
The nauplii larvae of Copepoda dominated both the
adult forms and copepodite stages, They formed
numerically about 58% of the total copepod counts
appearing, more dense at stations Il and V, but less
dense at station IX. Their monthly counts showed
peaks of abundance in July, beside other lower ones in
November. The lowest counts of copepod nauplii were
encountered in winter (Fig. 3).

The copepod community in the Suez Canal is
characterized by low species diversity (Table 2).
During the present study, copepod species diversity
changed from one station to the other, with very low
species diversity recorded at stations III and VII and
higher diversity at stations I in the north and IX in the
south An inverse relationship was observed between
equitability and the magnitude of standing crop of
copepods, as indicated at station (VI), which harbored
the relative high density, but exhibited low evenness.
Members of the Order Cyclopoida formed collectively
84.7 % of the adult copepods in the Suez Canal
(average 5711 organisms/m’) and were represented by
6 species belonging to 4 genera. Oithona nana
(Giesbrecht) was the dominant species (Table 3) and it
contributed numerically 97.8 % of the total cyclopoids
(average 5590 org./m’). It appeared to be more
dominant at stationVI. The species was reported all the
year round, showing maximum existence during
summer with a peak in July (Table 4). The other
cyclopoid species (QOithona plumifera Baird; Oncaea
media Giesbrecht; Lubbockia squillimana Claus;
Corycaeus erythraeus Dana and Corycaeus medius
Gurney) were very rare and constituted collectively 2.2
% of the total cyclopods.
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Fig.(2): average annual values of the different stages of
Copepoda recorded at the different stations in the Suez Canal

during the period June, 1934-May, 19395
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Fig.{3): Monthly variation of the different stages of Copepoda

recorded in the Suez Canal during the peried
June, 1994-May, 1995.
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Calanoida contributed collectively 7.7 % of the adult copepods (average 523 org./m’),
represented in the Suez Canal by 15 species. Paracalanus crassirostris (Dahi) prevailed other
calanoids, forming 83.7 % of their total counts (average 438 org./m’). The highest density of
Paracalanus crassirostris was recorded at station IV. The species appeared in the plankton
samples during the whole investigation period with a maximum abundance in summer and a
peak in June. Other calanoids (14 species) were rare and formed collectively 16.3 % of the
total counts. Like calanoids, harpacticoids were less common and contributed only 7.6 % of
the adult copepods (average 512 org./m’). They were represented by 3 species belonging to 3
genera. Euterpina acutifrons (Dana) dominated the other harpacticoids and formed 96.8 % of
their total counts (average 496 org./m’). The species appeared more frequent at stations IV &
V. It was found throughout the whole investigation period showing a peak in June, while it
continued in low counts during winter months. The other two-harpacticoid species, namely:
Microstella norvegica (Boeck), Clytemnestra scutellata (Dana) appeared as scattered
specimens during a few months.

Table 1: List of copepod species recorded in the Suez Canal ten stations during June 1994 - May 1995.

Stations

Species I 11 1 v \ VI VII VIl IX X
Calanoida
Paracalanus crassirostris Dahl 86 149 162 690 981 175 104 560 119 515
Paracalanus parvus Claus 19 10 1 9 2 1 0 10 2 8
Acrocalanus gibber Giesbrecht 8 6 0 83 74 1 0 60 32 26
Centropages ponticus Karawiew 11 11 0 92 26 14 21 19 1 0
Centropages furcatus Dana 5 1 0 26 18 4 0 17 0 1
Acartia negligens Dana 5 3 0 9 1 2 1 1 1 0
Acartia centrura Giesbrecht 1 1 1 1 25 4 1 1 2 5
Acartia latisetosa Dana 4 1 0 1 21 0 0 1 2 0
Acartia fossae Gurney 1 1 1 1 3 0 0 3 4 16
Temora stylifera Dana 1 0 0 1 1 0 0 0 1 2
Tortanus gracilis Brady 0 0 0 0 0 0 0 0 0 3
Clausocalanus arcuicornis Dana 11 10 1 23 14 1 0 0 1 0
Ctenocalanus vanus Giesbrecht 0 0 0 0 0 0 0 0 0 26
Pontellopsis regalis Giesbrecht 2 0 0 0 0 0 0 0 0 0
Labidocera minuta Giesbrecht 0 0 0 3 0 0 0 0 0 0
Cyclopoida

Oithona nana Giesbrecht 4806 5853 3780 1760 2576 15663 5373 1641 1239 482
Oithona plumifera Baird 0 0 0 0 0 0 1 15 1 18
Oncaea media Giesbrecht 1 1 0 1 1 0 0 30 38 6
Lubbockia squilimana Claus 2 1 1 1 0 0 0 0 0 0
Corycaeus erythraeus Dana 0 0 0 0 0 0 0 1 1 6
Corycaeus medius Gurney 0 0 0 0 0 0 0 0 3 0
Harpacticoida
Euterpina acutifrons Dana 418 302 311 605 741 139 83 458 130 237
Microsetella norvegica Boeck 6 8 13 8 19 2 2 30 5 1
Clytemnestra scutellata Dana 1 4 1 1 1 4 1 1 1 1

Table 2: Number of adult copepods, copepod species, richness and equitability recorded at the Suez Canal
of ten stations during the period June 1994 - May 1995.

| 11 111 v )\ VI VII VII  IX X
No.ofind./m’ 53388 6362 4272 3312 4504 16010 5587 2848 1583 1353
No. of species 18 16 10 18 16 12 10 16 18 15
Richness 1.67 144 093 1.76 146 093 0.95 1.54 1.85 1.47

Equitability 0.13 0.11 0.08 0.14 0.11 0.07 0.1 0.13 0.15 0.12
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Table 3: Average annual values of adult copepods (ind./m’) recorded at the different stations of the Suez Canal
during the period June 1994-May 1995.

Cyclopoida Calanoida Harpacticoida
St. No. Oithona Other Paracalanus Other Euterpina Other
nana species crassirostris species acutifrons species

I 8669 2 132 65 433 15

I 9994 2 262 47 408 7

111 3782 1 162 4 311 14
v 2692 2 1437 265 684 8

v 5450 1 960 99 1964 32
VI 15663 0 175 27 132 6

Vil 5373 1 104 23 74 3
VI 2643 90 673 131 589 58

IX 1050 59 190 71 143 10

X 596 54 284 120 224 11
Average 5590 21 438 85 496 16

Table 4: Monthly variations of adult copepods (ind./m’) recorded at the different stations of the Suez Canal
during the period June 1994-May, 1995.

Cyclopoida Calanoida Harpacticoida
St. No. Oithona Other Paracalanus Other Euterpina Other

nana species Crassirostris species acutifrons species
Jun. 94 13490 171 3104 594 3826 111
Jul. 26357 2 449 119 765 1
Aug. 8592 2 307 36 316 1
Sep. 11811 1 357 56 100 1
Oct. 1795 9 398 15 182 47
Nov. 325 16 218 225 133 4
Dec. 223 29 74 266 112 3
Jan.95 58 3 10 10 25 2
Feb. 103 3 10 43 67 5
Mar. 125 7 15 47 37 4
Apr. 185 6 18 31 51 5
May 4021 3 299 27 340 1
DISCUSSION

In the Suez Canal, Copepoda represents the most important component of zooplankton. This
agrees with estimations carried out in other regions where copepods constituted 70.7 % of the
total zooplankton in the eastern Mediterranean offshore of Egypt (Hussein 1977), 83.0% in
Kuwaiti waters (Michel et al. 1986) and 65.5% along coastal water of United Arab Emirates
on the Arabian Gulf (El-Serehy 1999). A total of 87 zooplankton species were encountered in
the canal of which 24 copepod species were recorded, most of them belonging to both the
Mediterranean and Red Sea. This is much lower than the number of copepods recorded in
Mediterranean and Red Sea. Thus Hussein (1977) estimated 112 copepod species in the
Egyptian Mediterranean waters. On the other hand, Halim (1969) gave a list of 155 species
recorded in the Red Sea. The lower number of the copepod species recorded in the Suez Canal
may be because most of these copepods (23 species) are immigrant species to the canal either
from Red Sea or from Mediterranean Sea. The Suez Canal ecosystem has many barriers
against the process of transmigration of planktonic species (El-Serehy 1992; El-Serehy et al.
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2000). Thus the immigrant copepod species are inforced to cope against different obstacles
which off course are fatal to those delicate organisms.

From a total of 24 copepod species recorded in the Suez Canal water during the
present investigation, only 3 species formed the main bulk of copepods, while the other 21
species persisted as infrequent or rare forms. Thus these three dominant copepod species of
Suez Canal, viz.: Oithona nana (Giesbrecht); Paracalanus crassirostris (Dahl) and Euterpina
acutifrons (Dana) are more likely to be the highly tolerant immigrant copepod species. The
most important environmental conditions controlling the spatial and seasonal distribution of
zooplankton in general and copepod in particular comprise water temperature, salinity,
available food supply and predation. Each copepod species has absolute ranges of both
temperature and salinity outside of which development does not proceed. So, the significance
of temperature as an important factor controlling the abundance of copepod has been pointed
out by several authors (Sewel 1948; Deevey 1960; Goldman & horne 1983). They mentioned
that, water temperature and salinity are the chief factors in regulating the distribution of
copepods in seawater. Patalas (1972) mentioned that, when excess food is available for
zooplankton, its abundance would depend mainly on temperature. Arnemo (1965) illustrated
that the fluctuations in the abundance of planktonic forms might not only be related to water
temperature but also to its indirect influences on their food item. Generally, most of the
dominant and frequent species of Copepoda in the Suez Canal are eurythermic forms and can
be tolerate a wide range of temperature variation.

During this study, high numbers of copepods were recorded during summer (July) and

early autumn (September), while they were frequent during spring and very rare during winter
(Figs. 3, 4). It appears that, temperature is the main factor determining the distribution of
copepods in the Suez Canal as a whole, either directly or via their nutritional requirements.
The monthly records of Suez Canal temperature (Fig. 3) shows an annual cycle with
minimum values in January and maximum values in July and August. The warm summer
temperature may encourage the copepod population on one hand, and enhance high nutritional
values in the canal water on the other hand, which in turn provides a food supply of
microscopic algae and tintinnids as a preferable food items for copepods.
On the other hand, the factor of salinity has a unique situation in Suez Canal, where it
fluctuates in an annual cycle at stations, I, II, IV, V, VIII, IX and X with maximal value of
about 38 %0 in summer and minimal values of about 33 %o in winter. However, periodic
intrusions of fresh water at stations III, IV and VII produce erratic fluctuations of salinity at
these stations. The movement of these less saline water within the canal creates some
irregularity in the salinity at other stations. This situation for salinity in the Suez Canal in
particular (Fig. 5) support the supposition of the temperature as a key environmental factor in
direct relation to the species of copepod organisms that thrive in the canal, and also in relation
to the influence of temperature on such features as oxygen solubility and, through
evaporation, on salinity.

Cyclopoids outranked the other copepod groups (Table 3) in the Suez Canal, where

they were represented by very high individual numbers. According Raymont (1983)
cyclopoids are usually more plentiful in warm areas.
During the present study, stations III and VII were characterized by low species diversity
(Tables 1 and 2) compared to that other stations. Both stations are affected by different inland
discharges as they receive domestic effluents from the main sewer of Port Said and Ismailia
City, respectively. The inverse relationship which has been observed between equitability and
the magnitude of the standing crop of adult copepods at station VI (Table 2) can be attributed
to the huge increase of one species, Oithona nana, which comprised a population density of
15663 Ind./m’ at this station (Table 3)
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Nauplius larvae and copepodite stages of Copepoda in the Suez Canal dominated the adult
organisms and they persisted all the year round. This may be either because they belong to
several species which have different breeding season or because under favorable conditions
the previously mentioned dominant species have more than one breeding season per year,
producing more than one generation each year (Goldman & Horne 1983). However, the
summer appeared to be the main breeding season for copepods in the Suez Canal particularly
in June, when the larval stages contributed about 80.8% of the total copepods. Such high
density in the larval stages corresponds to a high temperature of 27.5°C and high salinity of
41.7 4 %o.

REFERENCES

Abou-Zeid G M (1990) Distribution of zooplankton in Lake Timsah with special reference to Copepoda. M. Sc.
Thesis, Fac. Sci. Suez Canal University, Egypt, 96pp.

Aboul-Ezz S, Samaan A, El-Serehy H & Abdel-Rahman N (1995) Distribution of Copepoda in the Suez Bay
(Egypt) Proc. Egypt. Acad. Sci. 45: 141-157

Allen IRH, Herbert DWM & Alabaster JS (1958) A field and laboratory investigation on fish in sewage effluent.
Fish. Inverts. London 1(6): 76pp.

Almeida Prado Por MS (1985) Copepoda along the Gulf of Elat (Aqaba), Red Sea. Rapp. Comm. Int. Mer.
Medit. 29 (9): 249-252.

Arnemo R (1965) Liminological studies in Hyttodammen. 3- zooplankton. Institute of freshwater reesearsh,
Drottinghom Rep. No.46.

Bradford-Grieve JM (1972) Systematic of ecology of New Zealand central East Coast sampled at Kaikoura.
Memoirs. N. Z. Oceanographic Institute 54: 1-82.

Bradford-Grieve JM (1994) The marine fauna of New Zealand: Pelagic calanoid Copepoda: Megacalanidae,
calanidae, Paracalanidae, Mecyno-ceridae, Eucalanidae, Spinocalanidae, Clausocalanidae. Wellington
NIWA, 102.

Bradford-Grieve JM & lJillett Jb (1980) The marine fauna of New Zealand: Pelagic calanoid copepods: family
Actideidae. Memoirs. N.Z. Oceanographic Institute 86: 1-102.

Bradford-Grieve JM, Haakonsen L & Jillett Jb (1983) The marine fauna of New Zealand: Pelagic calanoid
copepods: families Euchaetidae, Phaenidae, Scolecithricidae, Diaixidae, and Tharybidae. Memoirs. N. Z.
Oceanographic Institute 90: 1-150.

Clifford HT & Stephenson W (1957) An introduction tonumerical classification. Academic Press, London.

Cushing DH (1995) The long term relationship between zooplankton and fish ICES J. Mar. Sci., 52: 611-626

Death RG & Winterbourn MJ (1995) Diversity patterns in stream benthic invertebrate communities: the
influence of habitat stability. Ecology 76: 1446-1460.

Deevey GB (1960) Oceanography of Long Island sound, 1952-1954. Plankton studies. /bid 17(2): 25-86.

Dowidar NM & El-Maghraby AM (1971) Observation on the neritic zooplankton community in Abou-Qir Bay
during the flood season. Rapport et Proces-Verbany des Reunions de la Commission International Pour
I’Expolration Scientifique de la Mer Mediterranee. 20: 285-389.

El-Serehy HA (1992) Lake Timsah as a barrier for planktonic tintinnid migration along the Suez Canal. J. Egypt.
Ger. Soc. Zool. 9 (D): 273-246.

El-Serehy HA (1999) Species composition and community structure of zooplankton in the Emirates coastal
water on the Arabian Gulf. J. Union Arab Biol. 12 (A): 113-125.

El-Serehy HA, Aboul-Ezz S, Samaan A & Abedl-Rahman N (2000) Migration activity of zooplalnkton between
the Red Sea and Mediterranean across the Suez Canal. J. Egypt. Ger. Soc. Zool. 32 (D): 1-14

El-Serehy HA, Aboul-Ezz S, Samaan A & Abdel-Rahman N (2000) Zooplankton communities: their distribution
and relationship to environmental variables in the Suez Canal ecosystem. J. Egypt. Ger. Soc. Zool. 32 (D):
85-101.

El-Serhey HA & Shalaby IM (1994) seasonal distribution and numerical abundance of zooplankton along Suez
Canal. J. Egypt. Ger. Soc. Zool. 14 (D): 379-395

Giesbrecht W (1897) Uber pelagische Copepoden des Rothen Meeres. Zool. Jb. Syst. 9:315-328.

Goldman CR & Horne AJ (1983) Limnology. Mc Graw-Hill, New York, First Edition, 464 pp.

Gonzalez JG & Bowman TE (1965) Planktonic Copepods from Bahia phosphorescent, Puerto Rico and adjacent
waters. Proceedings of the United States national Museum. Smithsonian Institution. Washington DC. 117
(3531).

Gurney R (1927) VIII- Report on the Crustacea: Copepda and Cladocera of the plankton, Cambridge Expedition
to the Suez Canal, 1924. Trans. Zool. Soc. London 22: 139-172.

122



El-Serehy et al.: Copepoda of Suez Canal ecosystem

Halim Y (1969) Plankton of the Red Sea. Oceanogr. Mar. Biol. Ann. Rev. 7: 231-275.

Hay S (1995) Egg production and secondary production of common North Sea copepods: field estimates with
regional and seasonal comparisons. /CES J. Mar. Sci. 52: 315-327.

Heip C (1974) Anew index measuring evenness. J. Mar. Miol. Assoc. UK. 54: 555-557.

Heron GA & Bradford-Grieve JM (1995) The marine fauna of New Zealand: Pelagic Copepoda:
Poecilostomatoida: Oncaeaidae. Memoirs. N. Z. Oceanographic Institute 104: 1-57.

Hussein MM (1977) A study of the zooplankton in the Mediterranean water off the Egyptian Coast during 1970-
1971 with special reference to copepods. M.Sc. Thesis. Fac. Sci. Alexandaria University, 269 pp

Hussein MM (1992) A preliminary study of the zooplankton community in Qatari waters. Com. In. Sc. And Dev.
Res. 37: 123-141.

Kimor B (1972) The Suez Canal as a link and a barrier in the migration of planktonic organisms. Israel-J. Zoo.
21:391-403.

MacDonald R (1933) An examination of plankton hauls made in the Suez Canal during the year 1928. Notes
Mem. Fish. Res. Dir. Cairo. 3:1-11.

Margalef R (1968) Perspectives in ecological theory. Univ. of Chicago Press, Chicago, IL, 111 pp.

Michel HB; Behbehani M; Herring D; Arar M; Shoushani M and Brakoniecki T (1986) Zooplankton diversity,
distribution and abundance in Kuwaiti waters. Kuwait Bulletin of Marine Science 8: 37-105.

Mori T (1964) The pelagic Copepoda from the neighboring waters of Japan. 2™ ed. The Soyo Company Inc.,
Tokyo. 150pp.

Newell GE (1963) Marine plankton, a practical guide. Hutchinson Educational Ltd., London Fifth Edition,
221pp.

Nour El-Din NMN (1987) Ecology and distribution of pelagic copepods in the Mediterranean waters of Egypt.
MSc. Thesis, Fac. Sc. Alexandria University. 213 pp.

Omori M & Ikeda T (1984) Methods in marine zooplankton ecology. John-Wiely and Sone, Inc. New York, First
Edition, 332 pp.

Patalas K (1972) Crustacean zooplankton and eutrophication of the St. Lawrence Great Lakes. J. Fish. Res.
Board. Can. 29: 1451-1462.

Ponomareva TA (1966) Quantitative distribution of zooplankton in the Red Sea as observed in the period
May-June 1966. Inst. Oceanology, USSR. Academy of Sciences, USSR. 8: 240-242.

Raymont JEG (1983) Plankton and productivity in the ocean. Pergamon Press Lid. Oxford, 2™ ed., 824 pp.

Regner D (1977) The oscillations of copepods number in the Kastela Bay (central Adriatic) in toleration to some
ecological factors. Rapp. Comm. Int. Mer Medit. 24(10): 165-166.

Ruttner FS (1927) “Fundamentals of Liminology”. London Oxford University. Press, 242pp.

Sewell RBS (1948) The free swimming planktonic Copepoda, Geographical distribution John Murray Exped.
1933-1934. 8: 321-597. Scientific reports, British Museum (N).

Thompson IC & Scott A (1903) Report on the Copepoda. Ceylon pearls Fisheries. I, Suppl., Royal Society,
London: 227-307.

10
22
17
% 22 % 85
% 20

123



El-Serehy et al.: Copepoda of Suez Canal ecosystem

124



	On the ecological role of Copepoda in the Suez Canal marine ecosystem
	ABSTRACT
	The present study deals with the spatial distribution and seasonal variation of copepods in Suez Canal, as well as the effect of the prevailing environmental conditions on their abundance.
	MATERIALS AND METHODS

	The choice of an index to measure species diversi
	RESULTS
	The sub-class Copepoda appeared as the predominant component of zooplankton in the Suez Canal. It contributed numerically 52.3  % of the total zooplankton population with an annual average of 33250; 17930 and 10243 org./m3 for the surface layer, sub-surf
	
	
	
	
	Calanoida
	Cyclopoida
	Harpacticoida



	REFERENCES
	?????? ??????
	????? ?????? ????????? ?????? ?? ?????? ?????? ?????? ????? ??????




