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ABSTRACT

B

ased on short-term sampling collection in the neritic waters off
Alexandria (Egypt), diatoms contributed recurrent intensive
occurrence most of the time, while the microflagellates Micromonas
and Pyramimonas species appeared in the transient periods (October
and May). Zooplankton exhibited several peaks in early and late
September, mid-January and early August, mainly copepods and
protozoan species. Phylo-zooplankton abundance was affected by
mxUti-factorial control with temperature and salinity being the majors,
and nitrate at some time.
Zooplankton grazing has been postulated to play at times an
effective role in regulating the phytoplankton cycle, and inflects
losses on its numerical standing crop. Yet, their large continuous
seasonal variations had strongly influenced the phyto-zooplankton
relationship. Subsequently, different patterns could be distinguished;
top-bottom (inverse) relationship at intermittent periods when
diatoms dominated; reduced grazing pressure connected with specific
diatom species (Asterionellci glacial b\ Chaeioceros spp.,
Rhizosoleriia delicaiula)\ and/or with mixed community of diatom,
dinoflagellate and euglenophyte species; inability of grazing to
control blooms of the fast-growing diatoms (Cy/indrofheca
closleriunu Thalassiosira spp.), and that of microflagellates of monospecific nature {Pyramimonas spp.); positive increasing relationship
with small-sized cells {Skeletonema costatum, Thalassiosira spp.);and
a time lag (massive zooplankton occurrence followed that of
phytoplankton within a week during August and September).
Zooplankton grazing pressure could help the change in phytoplankton
dominance and composition (the possible avoidance of zooplankton
consumers to take up the non-diatom, cells as long as the smaller
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producers T. subtilis.. T. pseudonana and S. costaium were present,
offering some advantage to non-diatom species to dominate).
INTRODUCTION
In sheltered estuaries and shallow coastal waters subject to a
massive source of nutrient inflow, the large temporal and spatial
variations in primary production, phytoplankton abundance, blooms,
succession and chlorophyll a concentrations could be attributed to a
diverse set of physical-chemical and biological processes (Pennock
and Sharp, 1994), which are considered crucial factors in
determination the structure of the pelagic foodweb in an area (Colijn,
1998).
Plankton in temperate bays is highly variable and recurrent
seasonal blooms are documented, with a possible shift in the
phytoplankton community structure (Smayda, 1990). Such systems,
affected by nutrient-rich land run-off, with different patterns of
concentrations and variability (Justic et aL, 3995) rendered the
establishment of definite cause-effect relationship a difficult task
(Harding, 1994).
Zooplankton assemblage appears to be closely related to the
environmental changes that occur regularly in the water column, such
as surface heating, cooling, stratification, mixing, and phytoplankton
blooms, community structure (Verheye et aLJ 1998), and other
processes as benthic grazing (Officer ei aL, 1982). abundance of
small pelagic fishes (hluch-Belda et aL, 1989), a.nd the importance of
the relative densities of predator and prey (Carpenter and Kitchell,
1993).
Phyto-zooplankton relationship received a rather limited attention
in Alexandria waters. Monthly sampling collection was carried out in
the Eastern Harbour, a semi-enclosed marine basin, from August
1986 to July 1987 (Aboul-Ezz and Zaghloul, 1990). The authors
reported two major phytoplankton peaks in October 1986 {Cycloiella
meneghiniantu the causative species) and May 1987 (Alexandrium
mimttum), and a minor peak in March {Amphichrysis compressa and
Chaetoceros qfflnis), while the zooplankton population gained its
peaks in August (Rotifers, Brachiomis spp.), February and April
(Pedalia sp. and Tintinnopsis campanula * respectively). Generally, an
inverse phyto-zooplankton relationship was found.
The present study based on .short-term sampling collection, l s
therefore the first trial in the n.crnic w&£rs off Alexandria to assess
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the alternation in phytoplankton and zooplankton abundance.
community structure and species composition in relation to the
variability of environmental characteristics, which could help to
highlight possible controlling factors. This study also represents an
attempt to answer the key question "How does zooplankton grazing
pressure of short-time variability regulate the corresponding
phytoplankton standing crop in a highly dynamic marine area off
Alexandria?".
MATERIALS AND METHODS
The measurements were conducted at a fixed station (3 m depth)
located at about 100 ra west of Kayet Bey fort, in the neritic open sea
waters off Alexandria. The sampling area is subjected to different
land-based sources mainly the Kayet Bey sewer and tJmuni drain,
Short-time sampling was collected from 1 September 2000 to 15
August 2001 (41 samples). The measured parameters included the
surface and over bottom temperature (by a thermometer accurate to J_
0.1°C) and salinity (salinity refractometer). The nutrient salts essential
for phytoplankton growth were measured in surface water, namely the
dissolved inorganic nitrate, silicate and phosphate according to the
method of Strickland and Parsons (1972).
Two liters of seawater were collected from the surface for
determination of phytoplankton standing crop, community structure
and species composition. The fresh samples were first examined by
an inverted microscope to identify flagellate species. These include
unarmoured dinophycean, raphidophycean and micro flagellates
species that could be distorted by the addition of formalin fixative.
The sample was then fixed and counted (luermohf 1958).
Zooplankton samples were collected by vertical hauls from near
bottom to surface using a plankton net (55 Jim mesh, 50 cm
diameter). The buffered formalin (4% final concentration) was added
for preservation. The zooplankton abundance, population structure
and species composition v/ere determined and calculated as
organisms m°.
The following references have been consulted for the identification
of the phytoplankton and zooplankton species: Tregouboff and Hose
(1957), Edmondson (1959), Hendey (1964), Park and Dixon (1976),
Dodge (1982), and Sournia(1986).
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The statistical approach includes the matrix correlation and the
multiple linear regression.
RESULTS
Phyto-zooplankton structure
The phyto-zooplankton abundance and community structure are
shown in Figure L
Generally, the peaks of the standing crop were mainly attributed to an
increase in diatom abundance, which contributed an annual average
of 1.46x106 cell l"1 (79.4 %), followed in abundance by
dinoflagellates (0.24xlG6 ceil l"1, 9.19 %), microftagellates (0.21xl0 6
cell Y\ 8.18 %), and euglenophytes (0.06xl0 6 cell 1":, 2.29 %).
Zooplankton abundance (annual average of 3.69x106 org. m~J),
included mainly copepods (average ],54xl0 6 org. m"J3 41.76 %),
protozoans (0.72x106 org. n r \ 19.5 %), cirriped larvae {0.31xl06 org.
rn 3 , 8.25 %), and annelida (7.8 %), while ostracods (2.02 %) and
rotifers (1.46 %) were of minor contribution.
Seasonal variations
Autumn
The phytoplankton standing crop was rich (0.34xlQ6-7.4xlQ6 cell l"j)
and diatoms prevailed (72.3 %). The Dinoflagellates Prorocentrum
iriesfiniun and Scrippsietla irochoidea dominated in early September.
Diatoms contributed 4 major peaks, Thalassiosira sitbtilis represented
the main component on 7 September (3xlQ6 cell l"1), with Euglena
gracile (26 %) at 27,2 °C, 35.5 %o, nitrate and phosphate around 2.7
\xM and very reduced silicate (0.84 fiM). Rhizosolenia delicalula
(1.5xl0 6 cell l'\ 38.44 % on 14 September), R.fragilissima, Nitzschia
longissima. Skeleionema cosiatum and Chaetoceros ciffinis were of
minor contribution. On 15 October, Thalassiosira pseudonana
became leading (0.5xl0 6 cell I"1, 34.75 %), followed by the
dinoflagellates, Protoperidiniwn depressum (20.55 %) and
Gymnodinium mikimotoi (9 %) and Pyramimonas spp., (8.56 %).
Micramonas spp. attained its peak on 26 October (7xl06cell T1, 93.4
%) at a reduced nitrate (3,2 JJM), and exhausted silicate (0.75jxM).
Chaetoceros laceniousus was dominating in early November (1.2x106
cell r 1 , 70 %) at 22 °C, 21.5 %o, and 2.25, 1.2 and 1.45 j.iM for
nitrate, silicate and phosphate. Other minor species were Asterionella
glacialis (0.23x10° cell l"1 on 14 November), and T. pseudonana
(0.l6xl0 6 -0.22xl0 6 cell I"3 on 22-28 November). Chaetoceros affinis,
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Rhizosolema hebetafa and Pseudomtzschia ausfralis were of less
importance.
Zooplankton abundance in autumn was relatively rich (average
5.12x10' org. nr 1 ), the population never fell down below 2xl0 6
org.m'J5 with two major peaks in the middle and late September
(I4xl0 6 and I l.74x!0 6 org. m'"\ respectively), the first one was the
highest throughout the year. Other small peaks appeared in early-late
October (around 8x106 org. m' j , for each). Copepoda represented the
main constituent of the population (average 2.26x106 org. m"3, 39.78
%), with maximum number on 14 and 28 September (8.5 x!0 ( \ 60.94
% and 5.8 xlO6 org. m'3, 49.41 %). Protozoa shared the dominance of
the former (19.12 %), while Annelida contributed 12.32 % with the
latter bloom. Adult copepods with the major peaks contributed 4280.3 % of the total Copepoda, and were mainly represented by
Acartia clans u A. grants Centropages, Euierpincu Paracakmus spp.,
and Oithona nana. Copepod nauplii ranked the second level, with the
highest of 3.1x106 org. m'J, 35.86 % on 14 September and copepodite
stages on 26 October (0.77x106 org. m"\ 37.76 %).
Concerning the phyto-zooplankton relationship, several concepts
could arise: the peak of the zooplankton stock on 14 September was
met by a slight phytoplankton decrease compared with that of the
previous level on 7 September. Despite the well diversified
phytoplankton community, mostly of diatoms, with the centric R.
delicatula being the dominant form (38.44 %); the reverse relation
was obvious, particularly between late September - early October, as
well as in late November, when the grazing pressure inflects losses on
the standing crop. A parallel relation was found between the
increased phyto-zooplankton density on 26 October, when
Micromonas spp. predominated.
Winter
Despite the low phytoplankton (average of 0.37x10"cell I*1), there
was remarkable increased numbers at times, attributed to diatom
prevalence (90.3 %). The major peak on 5 December (1.35x106 cell 1"
') caused by T. pseudonana (95.56 %), which consumed most of the
nutrients (0.45, 0.6 and 0.85 \xM for N0 3? Si0 4 , and P0 4 ); A. giacialis
was j'esponsible for the minor peak in late December and early
February (0.14xl06 and O.lSxlO6 cell l'J), and S. costatum in late
February (0.63xl06 cell l"1, 69.32 %).
The zooplankton stock was reduced compared with autumn
(2.71 x 106 org. m"3), probably affected by the lower winter
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temperature and the corresponding reduced standing crop. Generally,
the density fluctuated betv/een 1.01 xlO6 and 2.45x10b org. m"3.
However, a distinct peak appeared in mid-January (12.78x106 org. m°),
due to the combination of protozoans (5.9x106 org. m°, 46.42 %) and
copepod spp. (5.51xl06 org. m"\ 43.08 %). Tintinneds (5.53xlQ& org,
m"J) contributed the main bulk of protozoan spp. Meanwhile, the
Copepoda structure (Figure 5) showed almost similar frequency
percentage of its 3 groups, with a slight increase for Copepod nauplii
(2.03xl06 org. m"\ 36.86 % of the total Copepoda).
The co-occurrence of phyto-zooplankton population reflects a
clear inverse relation in February, when the water column was
characterized by homothermal, homohaline condition, and diatoms
were the majors (88.66-100 %). However, the grazing pressure
exhibited some differential features: the remarkable standing crop
increase on 27 December (0.32x10 cell l'1) was accompanied with
slightly higher zooplankton stock (1.33xl06 org. m"3), when A.
glacialis and C. qffinis dominated the community; the same situation
was observed on 26 January (Biddulphia aurita, microflagellates, R.
delicatula, and S. costaiwn); an inverse relation between the
increased standing crop and the sharply reduced zooplankton stock
took place with the start and the end of February where Chaetoceros
spp., predominated.
Spring
Spring represented the highly productive season (average
4.8SxlOfi cell I"1), with several diatoms euglenas and microflagellate
peaks. Except tor the massive occurrence of microflagellates and
euglenophytes in May, diatoms comprised the main bulk of the
community (95.5-99.9 %). C qffinis was leading in March followed
in abundance by the overwhelming dominance of S. costatum in April
(9xl0 6 cell \'\ 93.94 % on 3 April), associated with A. glacialis
(1.15xl06 cell \'\ 57.86 % on 11 April). Pyramimonas spp.,
contributed a distinct bloom on 7 May (>20xl0 6 cell \'\ 97,12 %) at a
thermo-haline stratified condition, and severely consumed nutrients
(0.5, 0,8 and 0.8 ^M for N0 3 , Si0 4 , and P0 4 ). By mid-May, the
euglenophyte, Euglena spirog)?ra became dominant (2.3x106 cell 1"(,
39.5%), whileP.. mhunumi contribu^d L_8xJ06 cell l_i. 28.91 %. _
Despite the lower average of the zooplankton population (2.47x10b
org. m ) in spring, compared with winter (affected by its major peak
on 14 January)* the density was generally higher, but without any
distinct peak. The period between eai'ly March-early April was the
most productive (3.1x10 - 3.9x10 org. m"), which accompanied the
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noticeable surface temperature increase and the initiation of the
thermo-haline stratification of the water column; as well as during the
other period in the latter month (27xl0 6 -3.6xl0 6 org. nv*) with
reduced salinity. Copepoda species were still the dominant forms
(average 1.6xl06 org. nf\ 58.74 %\ followed in abundance by
Annelida (0.22x3 06 org. in I 7.75 %), and Protozoa (0.18x 106 org. m'
"\ 7.5 %). The adult Copepoda dominated at times, particularly in the
first two weeks of April (57.7 - 68 %), as well as in mid-late May
with almost similar contribution. Acartia species represented by
0.62xl0 6 org. m"3on 11 April.
The zooplankton pressure showed different patterns: the
phytoplankton peak on 3 April (S. costatum predominated)
accompanied with almost unchangeable zooplankton stock; a sharp
drop in zooplankton population (1.9x106 org. m"3) was found with the
massive occurrence of Micromonas spp., in the second week of May;
a similar result was detected on 15 May (1.7x10° org. m * \ when the
phytoplankton community comprised mainly Euglena spirogyrch P.
minimum, P. triestinvm (0.4xl06 cell l'1), and /\ australis (0.7xl06
cellf 1 ).
Summer
Summer attained an average of 3.15xl06 cell 1" . mostly of diatoms
(84.9 %) and dinoflagellates (8.5 %). The major phytoplankton peak
(10.5xl0 6 cell I"1) occurred on 8 June (S. costatum and Micromonas
species. 62.3 % and 28.25 %, respectively), at 1.4, \ .6 and 1.7 JLM for
NO3, SiO*, and PO4. The first species dominated in June, with /'.
minimum (0.4x106 cell r 1 , 31.64 % on 16 J luick and Jt delicatida.
Recurrent massive occurrence occupied the period between 24 July
and 15 August. S. costatum and T, pseudonana dominated in early
August followed in abundance by Cylindrotheca closierium. The
latter became leading on 15 and 18 August (3.7xlOr> and 2.5x10' cell
fl, respectively). Accompanied nutrients with the summer peaks were
relatively low (0.7-1.5 jiM N0 3 , 0.5-2.2 pM Si0 4 and 0.9-3.2 \xM
P0 4 ).
As for the zooplankton abundance, the period from early huvc to
late July did not show considerable variation in the zooplankton stock
compared with spring. However, the pronounced increase that
occurred in August raised the suminsi* average to 3.95x106 org. m"3.
Protozoa species (1.19xl0& org. m'\ 30.15 %) contributed the main
component, followed by Copepoda (0.89x106org.m'3, 22.63 %) and
Annelida species (9.97 %). The major peak on 2 August (11.8x106
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org. m*3) characterized by the proliferation of Protozoa (7.45x10A org.
LTT\ 63.17 %) and Copepoda spn., (1.2xl0 6 org. m'\ 10.2 %). The
density during the rest of August fluctuated between 4.8x10* and
5.4xi06 org.m°, with the dominance of Copepoda (26.3-30.7 %), and
Protozoa (12.4-17.8 %). The adult Copepoda contributed 39.47 81.74 % of the total Copepoda, Oithona species was dominated,
followed in abundance by Paracalarms spp.
Regarding the phylo-zooplankton relation, a general suggestion of
the massive grazing pressure on the standing crop was proved.
However, the intensive phytoplankton increase on 8 June was not
accompanied by similar zooplankton behavior, despite S. cosiaium
formed 62.3 % of the total community, and shared in active role by
Micromonas spp. (28.25 %). An increasing positive relation was
detected on 2 August, when 5. costaturn, T. pseudonancu and
Cylindroiheca closteriwn dominated the community.
The correlation matrix (Table ]) shows the surface temperature to
be positively, significantly correlated with diatoms. Salinity exhibits
significant contribution with the phytoplankton community structure,
except microflagellatcs. Nitrate positively correlated with diatoms,
but negatively, significantly related to microflagellates. Silicate was
positively correlated with the variability of diatoms, significantly
inversely correlated with euglenophytes. Phosphate showed positive
relation with the community components, except microflagellates.
Concerning the zooplankton variability formula :
The zooplankton abundance (org.xl 06 m°) = - 23169 +
369.51 * Temperature
+ 431.44*Salinity - 1682.5*N03 + 927.76*Si04 + 620.73*PO4
R 2 -0.45, p< 0,05
The mode] predicts positive influence of the variables measured on
the zooplankton levels, except for nitrate; salinity for its high
correlation coefficient was the major contributory, significant at
p<0.05; nitrate influence was the highest, followed by silicate and
phosphate; and these variables together explain 45 % of the
zooplankton variability. The predicted relation of temperature and
salinity are shown in Figure 2.
-■ The correlation matrix -(Table, 1}. shows thaCtM.tejpPPiature was
significantly correlated with the variability of annelids and copepodite
stages, and negatively with the latter. Salinity exhibits significant
correlation with copepods. Nitrate shows significant, negative
correlation with protozoans rotifers, and adult copepods and
positively with nauplius larvae. Silicate positively significantly
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correlated with copepodite stages and nauplik while phosphate with
protozoans and rotifers.
DISCUSSION
The phytoplaiikton variability exhibited some distinct features as
the dominance of diatoms in winter; Pyromimonas species showed
their peaks in transient periods in October and May at temperature
around 20°C and stable water column. The rapid change in the
phytoplaiikton community structure (Pyramimonas species bloom
was replaced immediately by Euglena spirogyra in May); and the
massive diatom blooms in summer.
The present major peaks caused by Micromonas and Pyramimonas
species reflect symptoms of eutrophication, which led to an increase
of non-diatom species (Cadee, 1992).
The zooplankton variability exhibited patterns almost similar to
that of the standing crop: large seasonal variations, with minimum in
February affected by the low standing crop contribution and the lower
temperature, and a maximum in September; a pronounced increase in
early spring under the previously mentioned environmental condition
which enhanced also the occurrence of the standing crop; several
major peaks, two in autumn, one in mid-winter and one in late
summer; copepod spp., were responsible for the first peak (61% of
the total), and it was shared relatively by Protozoa (19.12 %), while
Copepoda (49.41%) and annelida (12.32 %) dominated in Ihc Second
autumn peak on 28 September, Copepoda and Protozoa in mid-winter
bloom (43.1 and 46.42 % on 14 January), and the latter group tor the
last one on 2 August; adult Copepoda and/or copepodite stages and
nauplii larvae dominated; and Oilhom nemo, Acariia and Euterpimt
spp. were majors. The dominance of Protozoa in summer agrees with
the results of Cattoni and Corni (1992).
Comparing the present data with that carried out in the Eastern.
Harbour during 1986-87 (Aboul Ezz and Hussein, 1990), Protozoa
was previously reported in the harbour to contribute the major
fraction of the zooplankton with 42.1 % of the total, rotifers (37.1 %),
and Copepods (15.9 %). The authors added that the abundance peak
of Protozoa was recorded in spring (average 0.35xl0 6 org. m"'),
rotifers in August (74.9 %), and with other two minor peaks in
February and in April, mainly of tintinnids (30 and 78 %). On the
other hand, Copepoda was very low in winter, and attained the
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highest level (0,13xl0() org. m° ) in September 1986, and copepodite
nauplii contributed 60% of the total copepoda.
The remarkable plankton variations observed, beside those of
salinity and ambient nutrient concentrations could be explained as
direct impact of the antliropogenic activity and the arrival of different
water masses by transport processes, with different properties
Eulrophication regulates the extent of primary production and
plankton abundance (Malej et ai, 1998). The large seasonal
variations observed in many esiuarine and coastal systems have been
related to fresh water run-off ( northern Adriatic Sea: Gilmartin et al,
1990, San Francisco Bay: Harding, 1994; Kiel Bight: Maske, 1994;
Mozeticefa/., 1998).
Phytoplankton variability apparently was under the control of
temperature and salinity, and nitrate and grazing at time. The
statistical analyses showed salinity a significant environmental factor
controlling the variability of the phytoplankton groups. According to
Watras et al. (1982) temperature and salinity appeared to be the
factors that mostly influenced algal bloom development.
Zooplankton abundance was also affected by multi-factorial
control with temperature and salinity, in particular the latter variable
to be the major. The relation between enriched nutrients
(anthropogenic eutrophication) and the zooplankton dynamics
observed, could be ascribed simply to the essential role played by
nutrients to limit the phytoplankton growth, which in turn influences
the co-occurrence of the zooplankton stock and population. The low
temperature in early February despite the increased standing crop
indicates the far known conclusion that low temperature reduces
grazing (Martin, 1965). Meanwhile, the increased phytoplankton and
zooplankton densities in early March with a noticeabie rise in
temperature supports the conclusion of Huntley and Lopez (1992),
and Coversi and Hamed (1998) that zooplankton growth rates and
those of their prey (phytoplankton) are positively affected by an
increase in temperature in spring. Copepoda species responsible for
the increased zooplankton in spring were mainly represented by
Acartia spp. (mostly A. clausi). This species was previously reported
in the harbour as a major contributory (Aboul Ezz and Hussein,
1990). According to Fernandez"(1978), A. clausi compensated for
temperature variation to a greeter degree than other copepod species.
Wlodarczyk et al. (1992) documented the increased effect of
increased temperature on the grazing pressure of Acartia species on
Thalassiosira spp. Salinity was also known to affect the zooplankton
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seasonal variation and composition (Ojaveer et al„ 1998). The major
peaks, except of mid-January, maintained relatively low surface
salinity (34-37.5 psu).
The present data shows that zooplankton grazing has been
postulated to play at times an effective role in regulating the
phytoplankton cycle, and inflects losses on the numerical standing
crop. Yet. a key question is whether the grazing pressure can be
expected to be sufficiently high to affect the phytoplankton standing
crop to the extent observed. The statistical model of:
Zooplankton abundance = 3683.07 + 1.405*phytopiankton
concentration, R2 - 0.000003, p>0.05.
The model predicts a positive, but a very weak correlation
(Figure 3). The distribution of diatoms (the major phytoplankton
component) and copepods (the major herbivorous) is shown in Figure
3. The statistical mode] predicts insignificant positive relation
between copepods and diatoms:
Copepoda = 672.9 + 11.017*Diatoms
R2 = 0.0317, p> 0.05
The correlation matrix (Table 1) indicates insignificant positive.
correlation of diatoms and copepods, negative with ostracods and
adult copepods; dino flagellates (Figure 3), while euglenophyles also
exhibited insignificant, reverse relation with most.of the zooplankton
structural components.
Considering the large seasonal zooplankton variation under multifactorial control of the environmental variables measured, the
expected direct impacts of the eutrophieation and the water exchange
with newly induced physico-chemical and biological properties,
different patterns of the grazing pressure could be distinguished:
I- Top-bottom (inverse) relationship: It was obvious at intermittent
periods during the different seasons with the overwhelming
prevalence of diatoms (centric and pennale forms). Thus; in late
February at the homothermal and homohaline conditions, with
predominance of S. costalum: in late September-early October
associated with the well established stratified water column, with S.
costalum, T. subtilis, T. pseudonana, and Tkalassianema
nitzschioides\ and in summer with S. cosiaium and T. pseudonana.
All these species had 20-50 |j.m length (Labib and Kamel, 2000d).
Such inverse relationship between the relative quantities of
phytoplankton and zooplankton had been noted previously in the
harbour, based on monthly sampling during 1986-1987, throughout
the vejlically stratified water periods (May-October, Aboul Ezz and
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ZaghlouL 1990), as well as elsewhere (Li and Smayda, 1998).
Grazing by herbivorous zooplankton is often a major loss factor for
phytoplankton, and when grazers are abundant, they can suppress
bloom development (Uye 1986). Accordingly, when algae are
adapted to escape grazing in some way, this is a beneficial strategy to
increase their net growth rate as long as nutrients are available.
2- Reduced grazing pressure connected with specific diatom
species: several examples could be followed at intermittent periods;
on 14 September, when diatoms dominated at a well developed
thermo-haline stratification, mainly represented by R. delicatula; on 4
November, with C. laceniousus (70 % of the total community); on 27
December (but with the interference of other environmental factors,
the reduced temperature), with A. glacialis and C. affinis; on 26
January when, R. delicatula regained its dominance, beside others;
and in the start and the end of February, C. affinis, in combination
with C. decipiens and C. curvesitus contributed the main bulk of the
community. The success of R. delicatula to grow well under the
stabilized water condition, which favor the flagellate blooms agrees
with other observations the in harbour (Labib, 1994 a,b), as well as
for other Rhizosolenia species (Parrey el ah, 1989). Rhizosolema
species were suggested to be unpalatable to zooplankton grazers
(Deniseger el al., 1986). It has often been suggested that spiny or
needle-like phytoplanlcton cells are less favored by some zooplankton
than simple chain forms with cylindrical cells (Conover and
Mayzaud, 1984; Parrey el al., 1989). Meanwhile, the grazing pressure
may have been decreased further due to a relatively lower predation
pressure on olony-forming Chaetoceros than on diatoms, similar to
the conclusion of Estep et al. (1990) and Weisse el al. (1994), that
Chaetoceros species were recorded not so actively grazed. Its
predominance in the harbour during March 1987, was associated with
lower zooplankton abundance (Aboul Ezz and Zaghloul, 1990). It is
also possible that consumers avoid the uptake of'A, glacialis due to its
shape, aggregation, and large size (>100 jiim, Labib and Kamel,
2000d). Berggreen et ah (1988) verified that copepods prefer phytocells smaller than 100 jam. It has been demonstrated that several
.ph.ytQi3lankton.speci.e?s.are_grazed to a lesser extent than others dueto
their size and/or shape (Riegman et aL, 1992; Graneli et ah, 1993b),
or their ability to clump in aggregates (Hansen et aL9 1992).
3- Reduced grazing pressure connected with specific
phytoplanlcton community structure: several cases were reported;
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such as the mixed community on 7 September of the centric diatoms,
T. sub/ilis\ R. fragilssima, C. a/finis, the pennate P. australis, and the
euglenophyceae, Evglena graci/e; on 15 October of T, pseudonana
(34.75 %), the dinoflagellates Protoperidinium depression (20.55 %),
Gynmodimum mikimoioi (9 %) and the microflagellate Pyramimonas
species- (8.56 %); and on 15 May of Euglena spirogynu the
dinoflagellates, P. minimum and P. triestinwru and the centric diatom.
S. costatum. The observed increased frequency of non-diatom ceils,
and the sharp decline of the centric diatoms (except Rhizosolenia and
Chaetoceros species) indicate the possible avoidance of zooplankton
consumers to take up the non-diatom cells as long as the smaller
producers (T. subtilis, T, pseudonana, S, costatum) were present,
offering some advantage to non-diatom species to dominate. Another
example was seen on 8 June, when the phytoplankton peak of S.
costatum and Micromonas spp., accompanied with relatively low
zooplankton abundance. The concentration of S. costatum was
severely dropped after one week. Therefore, zooplankton grazing
pressure could help the change in dominance, beside factors as the
competition of diatoms with flagellate species, when zooplankton
population was low (Lancelot, 1995). S. costatum was far known a
suitable prey, and ratios from 0.5 to 65 % oUAcartia clausi wet body
weight fed on S. costatum with measured (Petipa, 1966). The Acar/ia
spp. (A. hifilosa, A. clausi^ A. grani, and A. laiistosa) reached their
maximum abundance on 11 April at 14.7 °C. According to Deason
(1980) A. clausi compensated maximum filtration at 14-15 X\ and it
showed critical thermal maxima of 22-28 °C (Gonzalez, 1974).
4- Inability of grazing to control phytoplankton blooms: despite
the increased abundance of zooplankton, these consumers proved not
to be able to control the development of the microflagellates
{Micromonas spp.) accumulated on 26 October. Other accompanied
minor species C. affmis. Rhizosolenia hehetata, and P. australis,
seem less favored by some zooplankton. Meanwhile, the red tide
bloom of Pyramimonas spp., die highest over the year round on 7
May seems relatively immune to grazing. Reasons for such different
grazing patterns could include the shared occurrence of other diatom
species with the first bloom and the mono-specific nature of the
second heavy bloom and inadequate nutritional food of other algae.
The copepod Acartia hudsonica and larvae of the polychacte
Polydora spp. do consume the toxic dinofiagellate Gonyaulax
iawarensis in presence of other phytoplankton species (Anderson et
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al.y 1983). There was an active avoidance of copepods for the
dinoflagellates P. Iriestinum and Scrippsiella trochoidea with their
maximum densities in the harbour (Labib & Hussein 1994, labib
2000c), in accordance with Huntely (1982), and experimentally for
the dinoflageliate Alexandrium ostenfeldii (Hansen ei ai, 1992).
Reduced zooplankton grazing pressure has been implicated as
primary bloom trigger (Sellner and Fonda Umani, 1998).
5- Time lag relationship: the variation in time between
phytoplankton and zooplankton - increase led to a remarkable
phytoplankton proliferation between 7-14 September and 24 JuIy-2
August. The massive zooplankton occurrence followed such
pronounced phytoplankton increase within a week.
6- Positive increasing relationship: the greater phytoplankton
standing crop in early April, when S. costatum contributed its distinct
peak, as well as in early August wrhen the predominance was shared
by the same species, beside T. pseudonana, and C. closterium,
reflected an increasing zooplankton abundance. Although a large
zooplankton population was present, the production of these species,
known as fast-growing (Mozetic el al.7 1998) was high enough to
maintain the crop. Cataletto et aL (1995) and Mozetic and Lipej
(1998) proved such positive relationship.
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