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Abstract: The Dekhaila Harbour, which was recently constructed in Alexandria, has become a highly eutrophied areas 
due to intensive maritime activities, and the effect of a mixture of nutrients and different pollutants reaching the harbour 
through land-based effluent. Environmental observations which were carried out monthly from April 1998 to March 
1999 demonstrated extremely high nutrient level and productive phytoplankton, showing wide temporal and spatial 

variations. The variability of surface salinity was one of the characteristic features of the harbour, falling within the range 

of 17.3 - 39.2 ppt. Nutrients sustained pronouncedly high values, with annual average of 19.22 ~M for nitrate, 4.16~M 


for nitrite, 38.69~ for ammonia, 6 .44~M for phosphate and 49 .52~M for silicate. Chlorophyll a was exceptionally high 

(up to 1323.7 ~gII), having an annual average of 107.5 ~gII . The harbour water was relatively turbid most of the year. 

The concentrations of dissolved oxygen revealed the alternation of good (5-10 mIll) and relatively bad (\.9- 4 mIll) 

aeration conditions. Consequently, low zooplankton abundance was found in the Dekhaila Harbour (annual average: 

22,640 ind./mJ

). Statistical analysis showed that the environmental factors controlling both phytoplankton and 

zooplankton biomass had different seasonal patterns . 

Keywords: Eutrophication- nutrients- water quality- plankton biomass - Hydrography- Egypt - Dekhail.a Harbour. 
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Introduction 

Since its establishment in 1986 on the 
southwestern part of the Mex Bay, west of 
Alexandria, the Dekhaila Harbour (4-20 m depth) 
was and is still exposed to marked ecological 
variations, due to the collective effects of heavy 
maritime traffic, export and import related activities, 
ship services, as well as the effect of the different 
types of waste waters discharged to the Mex Bay 
bordering the eastern side of the Dekhaila Harbour. 
As the infrastructure and development of the 
harbour is still going on, this will consequently leads 
to increase of the maritime and development 
activities in the future. Furthermore, the untreated 
sewage of Alexandria City which was previously 
discharged to the sea has completely come to an 
end, and directed at present to Lake Mariut, 
reaching Mex Bay through Umoum Drain. All these 
conditions have created more stress on the harbour 
ecosystem, and undoubtedly cause significant 
vanatiOns in its water quality and biotic 
components. Several studies have been conducted 
on the hydrography and plankton of the Dekhaila 
Harbour, the most recent were those of Fahmy et at., 
(1997), Abdalla et at., (1995), Zaghloul et at., 
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(1995), Tayel et at., (1996) and Abdel-Aziz (2000). 
However, due to the increase in the maritime 
activities and the discharged wastes, it is assumed 
that water quality and plankton abundance will be 
subject to permanent ecological stress, that will 
require long-term monitoring . Therefore, this work 
assesses the water quality and plankton biomass and 
their temporal and spatial variations in Dekhaila 
Harbour under the stress of the conditions 
mentioned above. 

Material and Methods 

The main basin of the Dekhaila Harbour 
occupies an area of 32.2 km2 with depth range of 4 ­
20 m. It is subdivided into three parts by ship quays, 
which are opened directly to the Mex Bay. For 
physico-chemical analysis, surface water samples 
were collected monthly from April 1998 to March 
1999 at five stations (Fig I), representing different 
parts of the harbour. Water temperature, 
transparency, salinity, dissolved oxygen, nutrients 
(ammonia, nitrite, nitrate, reactive phosphate and 
silicate) and chlorophyll a and phaeopigments were 
determined according to Strickland and Parsons 
(1972) and APHA,A WWA,WPCP (1980). 

Quantitative zooplankton samples were 
collected from the upper 10m through vertical 
hauls, using a plankton net of 30cm mouth 
diameter, 551lm mesh size and 130 cm length. 
The standing stock of zooplankton was calculated 
from average three counts of 5 ml each of 
concentrated preserved samples. 

The relationship between both phytoplankton 
biomass and zooplankton abundance and the 
physico-chemical parameters were correlated 
using correlation coefficient and multiple 
regression analysis applying a SPSS program. 

Results and Discussion 

Hydrography: 

The temporal variations of maritime activities 
as well as those of discharged waste waters 
appeared to impact distinctly the water quality in 
the harbour. The water temperature experienced 
clear seasonal variations, falling between 13 ­
18°C in Winter, 19-21 "C in Spring, 26-30 "C in 
Summer and 22.5-28 "C in Autumn. Homogenous 
horizontal distribution of water temperature was 
recorded throughout the harbour every month, 

Fig.I. Location of sample collection in Dekhaila Harbour 
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attributed to the limited area of the harbour and 
strong stirring caused by intense ships traffic, 
comprising 11 Cargo per day and many small 
motorized boats for maritime services. 

Despite being constructed at the Southwestern 
extreme of Mex Bay, at a relatively distant place 
from the outlet of Umoum Drain, the Dekhaila 
Harbour appeared to be impacted by discharged 
wastes as well as by the maritime activities. Similar 
observations were also reported by EI-Saraf (1991) 
and Fahmy et al (1997). The construction of the 
Dekhaila Harbour made the Mex Bay an 
environmentally unstable area (Gurguess, 1999) as 
it causes crucial changes in the circulation pattern 
inside the Mex Bay. The surface salinity showed 
wide variations (17.34-39.18 ppt) during the whole 
period of study, but it two water types were reported 
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over the year (Fig. 2), one with high salinity (31 .86­
38.33 ppt) from February to May, and another of 
low salinity (22.2-24.5 ppt) from June to January, 
except the deviated values in November (19.14 ppt) 
and December (28 .39 ppt). The annual amplitudes 
of salinity variations showed approximately similar 
values (20.0-20.9 ppt) at stations 1-3, but were 
narrower at station 4 (18 .6 ppt) and station 5 III 7.1 
ppt), which were less affected by Umoum Drain 
discharge. The spatial effect of discharged wastes 
demonstrated monthly variations, whereas salinity 
differences between stations were sometimes 
relatively small (Autumn and Winter) and in other 
times large (Spring and Summer). Such changes are 
related to the seasonal variations in the volume 
(6.6xl06 ml/day) and distribution of the discharged 
waters in the harbour. The proximity of stations to 

the entrance of Umoum 
Drain was reflected in the 
salinity variations at each 
station. Since station 1 is 
the nearest to Umoum 
Drain it is continuous to be 
sustained the lowest 
salinity (Table 1), 

Fig.2. Monthly average 
temperature and salinity in 
the Dekhaila Harbour from 
April 1998 to March 1999) 
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Table 1- The annual average values of different parameters measured at the sampled stations in the 
Dekhaila Harbour (April 1998-March 1999) 

Stations 1 2 3 4 5 

Secchi disc (cm) 100 103 120 111 98 

Salinity (ppt) 24.4 26.6 26.5 28.4 27.4 

DO (ml/l) 4.5 4.6 4.3 4.6 4.9 

Ammonia (!JM) 32.95 36.00 37.00 36.45 50.55 

Nitrite (J.1M) 4.99 4.00 4.74 4.39 2.65 

Nitrate (J.1M) 19.91 17.75 20.91 19.14 18.4 

Phosphate ()..lM) 5.48 6.05 5.82 5.62 9.22 

Silicate (J.1M) 48.92 48.39 53.11 47.73 49.27 

NIP 5 3.9 4 6.4 5.5 

SiIP 11.3 8.8 9.5 9.9 10.6 

Chl-a ()..lg/l) 76.3 69.00 55.00 79.3 257.6 

Zoopl. (ind.lm3) 12900 23800 11000 29300 36300 

http:17.34-39.18
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As station 4 was closed to the open sea, it was less affected by these wastes and hence showed high 
salinity . The long-term observations of hydrographic conditions in Dekhaila Harbour revealed a continuous 
variability in the range of salinity variation year by year (Table 2).The wide fluctuation of dissolved oxygen 
in the Dekhaila Harbour reflected the changes of its water quality on a monthly bases, as the monthly 
distribution of dissolved oxygen indicated two aeration levels, one moderately high (4.9-7.2 mVI) 
intermittently during six months (April, June-August, October and March) and a significantly low one (2.4­
3.3 mVI) during the rest of the year (May, September, November, December-February) (Fig . 3). 

Table 2- Hydrographic and eutrophication parameters recorded in the Dekhaila Harbour 

Abdalla et ai., 1995 Tayel et ai., 1996 Present study 

Sampling date~ 

PararneterJ, 
1990-1991 1993-1994 1998-1999 

Temp (0C) Range 18.3 - 29.9 16.2-29.8 13-30 

Secchi depth (cm) 
Range 

Average 

42 -300 

170 
-----­

30-300 

106 

Salinity (ppt) 
Range 

Average 

19.5 -36.5 

29.1 

13.4 - 36 

26.3 

17.3-39.2 

26.7 

DO (ml/l) 
Range 

Average 

0.7 -4.8 

2.9 

4.3 -10.1 

7.5 

1.9 -11.8 

4.6 

N0
3
-N (}lM) 

Range 

Average 

0.52 - 8.28 

2.46 

ND -2.04 

0.89 

0.3 -45.29 

19.22 

N0
2
-N (}lM) 

Range 

Average 

1.23 - 2.1 

1.52 

0.02- 0.35 

0.09 

0.21 - 14.98 

4.16 

NH
4
-N (}lM) 

Range 

Average 

4.38 -14.2 

8.12 

1.21 - 29.7 

9.85 

2.15- 166.25 

38.69 

P0
4
-P (}lM) 

Range 

Average 

0.3 -0.6 

0.4 

0.1- 5.29 

1.13 

0.54 - 56.46 

6.44 
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Fig.3. Monthly records of 

3 8 	 chlorophyll-a, Secch disc 
and dissolved oxygen in 2 
the Dekhai la Harbour from 
April 1998 to March 1999. 
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According to the criteria of hypoxia «I.4mlll) 
conditions (Stachowitsch & A vcin, 1988) and 
threshold level « 2.8mlll) of well aerated waters 
(Huet, 1973), it was clear that oxygen contents in 
the Dekhaila Harbour during a significant period of 
the year fall within a range (2.4-3.3 ml/l), closed to 
the threshold level and slightly higher than that of 
hypoxia. Such levels are unfavourable for healthy 
populations of numerous aquatic organisms 
(Grundy, 1971; Arin, 1974). Although this situation 
contradicts the high amount of oxygen which was 
supposed to be photosynthesized by abnormal 
phytoplankton bloom in the area over the year, it 
may corresponds to the intensive consumption of 
oxygen in oxidation of high load of organic matter 
(3.63-10.07 mg/l), recorded by Tayel et ai., (1996) 
and oil spills released frequently from ships and 
small motorized boats. Relative to these factors 
oxygen levels in the Dekhaila Harbour was subject 
to marked variations during the past decade (Table 
2), reflecting deterioration of water quality and 
brought it near to the critical aeration conditions. 

The turbid water dominated in the harbour most 
of the year, with Secchi depth records varying 
between 45 cm to 105 cm. Slight clear water (130­
270cm) was observed during late Winter and 
Spring. High turbidity in the harbour is caused by 
several factors such as the abnormal phytoplankton 
bloom (Chlorophyll a up to 1323 /lg/l), the active 
mixing, and frequent blown dust of scrap iron, coke 
which are stored as great heaps on the neighboring 
land and flour flying from grains milling inside the 
harbour. Low transparency (170cm) was also 
reported by Abdalla et ai., (1995) in the harbour . 
Lorentze (1980) and Cruzado (1988) admitted that 
changes in water transparency have been used to 
asses the rate of eutrophication. 

Nutrients: 

The nutritional situation and phytoplankton 
biomass in the Dekhaila Harbour indicated high 
fertility that created an acute eutrophication most of 
the year. The eutrophication parameters fluctuated 
within abnormally wide ranges on both monthly and 
spatial scales, demonstrating each different patterns 
of variation. 

Ammonia was the major component of DIN, 
forming 62.3 % and showing pronounced monthly 
variations with distinctive peaks in June (52.71IlM 
NH4-N), August-September (72.74-73.83/lM NH4­

N), November (61.08/lM NH4-N) and January 

(64.19!lM NH4-N). In addition, relatively high 

concentrations (11.31-35 .53!lM NH4-N) were 

recorded in the other months (Fig. 4). 
The ammonia peaks in the harbour coincided 

with the lowest salinity. particularly in Summer and 
Autumn, demonstrating a direct relationship 
between the discharged wastes and the 
concentration of ammonia in the Dekhaila Harbour. 
However. negative significant correlation (at p 
=0.01) was found between ammonia and salinity in 
Spring (r = - 0.6684) and Winter (r = - 0.9387). This 
may be related to the decrease of the discharged 
wastes and consequently their content of ammonia 
during Winter and Spring as indicated from the 
relatively high salinity. The spatial distribution 
revealed little variations between stations 1-4 which 
contained annual averages of 32.95 - 37.00/lM NH4­

N, as compared to markedly higher value (50.55/lM 
NH4-N) at station 5. This station is exposed to the 

stress of excess sewage discharged from ships 
anchoring for relatively long time for fueling and 
other maritime survices. On the other hand. the high 
level of ammonia in the harbour may reflect the high 
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Fig. 4. Monthly records of 
the dissolved inorganic 
nitrogen in the Dekhaila 
Harbour from April 1998 
to March 1999. 
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content of organic matter, resulting from the decay 
of great numbers of phytoplankton cells, as 
indicated from high Phaeopigment concentration 
(annual average: 26 Ilg/l) measured during the 
present study, and increasing load of untreated 
domestic wastes, entering the Mex Bay from Lake 
Mariut after the complete direction of the sewage of 
Alexandria City to the lake in 1987. The 
concentration of ammonia showed significant 
correlation with Phaeopigment most of the year, 
whereas r = 0.625 for Summer, 0.819 for Autumn, 
and - 0 .665 in Winter at p = 01 and n = 15. This · 
means a direct relationship between ammonia and 
decayed phytoplankton during the warm period and 
reversed in the cold season . Such statement 
coincided with a progressive increase of ammonia in 
the harbour during the past decade (Table 2). 
Furthermore, the concentration of ammonia in the 
harbour exceeded about 20 times the values that 
(2/lM NH4-N) defined as a low limit of 

eutrophication by Franco (1983), meaning that the 
problem of eutrophication is maximizing with time 
in the Dekhaila Harbour. 

Nitrate constituted 31 % of DIN, but it showed 
different seasonal distribution from that of ammonia 
(Fig. 4), attaining the highest concentrations (28.79 ­
43.31(MN03-N) from October to January and 

relatively high ones (18.31-18.91 ~MN03-N) in late 

spring. Such pattern was associated with negative 
significant correlation (at p= 0.01) between salinity 
and nitrate in autumn, winter and spring (r = ­
0.7607, - 0.9045 & - 0.6737 respectively). It is 
worth noticed that in addition to the role of 
discharged wastes in nitrate supply, indicated by 
low salinity, the abnormally high nitrate during 
October- January may be caused also by additive 
amount brought through the blown flour of milled 
grains by strong northwest winds frequently 
reported during this period. In such context, the 
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highest nitrate in the harbour was recorded at station 
3 (Table, 1), that is directly affected by the blown 
flour as the nearest station to the flow-mill. Similar 
to ammonia, progressive increase of nitrate was 
detected in the harbour during the past 10 years, 
representing about 22 times those found in 1993­
1994 (Table 2) and 5 folds (4/lMN03-N) of 

eutrophication level suggested by Franco (1983). 
Although nitrite is an intermediate component 

between ammonia and nitrate, usually found in low 
amount even in polluted coastal waters, it sustained 
high concentrations in the study area, reaching a 
maximum of 14 . 98~M N02-N. Figure 4 shows low 

values of nitrite in winter and spring months and 
high ones during Summer and autumn, 
demonstrating the effect of land-based effluent, as 
indicated from the negative significant correlation 
of nitrite with salinity in winter (r = - 0.8983 at 
p=O.OOI) and Spring (r =- 0.6002 at p =0.01), where 
n =15 for both seasons and insignificant correlation 
in Summer and Autumn. Riley and Chester (1971) 
found that during the earlier part of regeneration, the 
nitrite increased progressively to a maximum in 
Autumn and then fell to lower values in winter. On 
spatial scale, stations 1-4 measure continuous higher 
amounts of nitrite than station 5 (Table 1), which 
may be explained by higher rate of denitrification at 
station 5. This may be confirmed by the high content 
of ammonia and relatively low nitrate at station 5. 
Similar to nitrate and ammonia, the present value of 
nitrite (Table 2) was 46 times greater than those 
reported by Fahmy et al. (1995), but higher values 
(up to 21.6 ~M N02-N) were recorded in Mex Bay 
(Emara et al., 1992). 

The reactive phosphate was recorded in 
markedly high concentrations (up to 56.46/lM P04 ­

P), having peaks in August-September (13.32­
17.84IlM P04-P), June (7 .62/lM P04-P), November, 

(7.75(M P04-P) and January 

(8.74IlM P04-P) (Fig. 5). 
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Similar to DIN components, phosphate showed 
significant negative correlation with salinity in 
winter (r = - 0.9268 at p= 0.001) and Spring (r = ­
0.7293 at p= 0.01), with n=15 for both seasons, and 
insignificant one in Summer and Autumn. Such 
pattern revealed that the role of discharged wastes in 
phosphate enrichment decreased during winter and 
Spring with increasing salinity in the harbour. 
Station 5 was the richest in phosphate (Table 1), 
while the other stations contained lower 
approximately closed concentrations (5.48-6.05(M 
P04-P). The high phosphate at station 5 may be 

related to high organic matter produced from the 
death and decay of great number of phytoplankton 
cells (phaeopigment: 69.4 ~g.ll), which was 
exceptionally higher than at the other stations ( 12.8 
- 19.2 (g II), and the domestic wastes discharged 
from ships anchoring long time at this station. 
Comparing with other eutrophied areas on the 
Egyptian Mediterranean coast, phosphate content in 
the Dekhaila Harbour (6.44 ~M P04-P) was 

pronouncedly greater than those (1.17 ~M P04-P) 

measured in the Western Harbour of Alexandria 
(Dorgham, et al., 2001) and (1.42 ~M P04-P) in the 

hot spot of Abu Qir Bay (Abdel-Aziz et al., 2001). 
Further, the phosphate content in the harbour 
represents around 6 folds the previously recorded 
values (Table 2). This may be due to the additive 
source of phosphate brought to the harbour through 
the precipitating flour of the milled grains, which 
are usually rich in phosphate and also to those 
released from the bottom sediments, amounting to 
2.98 ~M P04-P Im2/day (EL-Samra et al., 1984). In 

general, the level of phosphate in the harbour 
reflects an abnormally acute degree of 
eutrophication, since it is 22 times greater than the 
level (0.3 ~ P04-P) assigned by Marchetti (1984) 

and Stirn (1988) for eutrophic waters. 
The relationship between nitrate and phosphate 

(NIP) showed remarkably lower monthly values 
(0.7-9.5, Fig. 6) than that (16:1) given by Redfield 
(c.f. Riley & Chester, 1971). This case was reported 
in different locations along the Egyptian 
Mediterranean coast, particularly those receiving 
discharged wastes (Nessim and Tadros, 1986; 
Nessim and Zaghloul, 1991; Fahmy et al., 1995; 
Zaghloul, 1996; Abdel-Aziz et al., 2001; Dorgham 
et al., 2001). In Dekhaila Harbour, NIP ratio (5) was 
markedly lower than those recorded in other 
eutrophied areas, like the hot spot of Abu Qir Bay 
(8.2, Abdel-Aziz et al., 2001) and the Western 
Harbour of Alexandria (11.8, Dorgham et al., 200 I). 

This corresponds to the relatively higher phosphate 
in the Dekhaila Harbour, as shown from coincidence 
of lowest NIP ratio with the highest phosphate 
content during the period from June to September. 
These conditions are in agreement with Welch 
(1980), who reported that the NIP ratio varies with 
trophic state and decreases with increased 
eutrophication. On the other hand, Chiaudani & 
Vighi (1978) presumed that NIP ratio of 4.5-6 
represents suitable range for optimal proportion of 
assimilation of nitrogen and phosphorous, and the 
lower or higher ratio indicates nitrogen or 
phosphorous as limiting element for the algal 
growth. This statement contradicts with the actual 
situation of both elements in the environment, since 
NIP ratio depends upon the relative abundance of 
both nitrate and phosphate, which means that 
variations in the absolute values of both elements by 
the same ratio will give the same NIP ratio, Le. one 
NIP ratio can be obtained from several absolute 
values of nitrate and phosphate, regardless of their 
magnitudes. 

Remarkably high silicate (ann. av.: 49.52~ 
Si04-Si) was found in the harbour, reflecting a great 
external supply through the Umoum Drain with 
clear seasonal variations (Fig. 5). Different 
correlation were reported seasonally between 
silicate and salinity; they shpwed negative 
significant in winter and Spring (r = - 0.8897 at p = 
0.001 and - 0.9171 at p = 0.01 respectively, n=15), 
positive significant in Autumn (r = 0.628 at p = 0.02, 
n=15) and insignificant in Summer. Such pattern 
demonstrates the major role of discharged waters in 
silicate enrichment in the harbour water. The spatial 
distribution of silicate showed negligible variations, 
whereas closed annual averages were found at all 
stations (47.73-49.27~M Si04-Si), except of higher 

value (53.11~M Si04-Si) at station 3. During the 

present study, similar to the inorganic nitrogen and 
phosphorous compounds, sil icate sustained 
markedly higher concentration (Table 2) than those 
measured previously by Fahmy et al., (1995) and 
Abdalla et al., (1995). This finding indicates the 
increasing impact of agricultural wastes in silicate 
supply to the Dekhaila Harbour through the Umoum 
Drain. 

The silicate-phosphate ratio (SiIP) had greater 
monthly values (1-19.4) than those of NIP ratio (0.7­
9.5), except in October and November, during 
which NIP was higher (Fig. 6). Both ratios showed 
similar pattern of monthly variations, differing only 
in few months (Fig. 6). 
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Fig. 6. Monthly values of NIP and SiIP ratios in the Dekhaila Harbour from 
April 1998 to March 1999 

showed different patterns of 
monthly distribution, may be 
related to the abnormal 
amount of fresh water algae, 
which do not need silicate 
for their growth, transferred 
to the area most of the year. 
Comparing to the 
measurements of Abdalla et 
at., (1995) and Fahmy et at., 
(1995), the present 
phytoplankton biomass 
appeared to be higher (Table 
2). 

Compared with the past records (14.3 & 19.6) by 
Abdalla et aI., (1995) and Fahmy et at., (1995) 
respectively, the present study reported markedly 
lower SiIP ratio (10), which was mainly attributed to 
the increase of phosphate content in the harbour 
than the previous records. It is worth mention that 
significant correlation between salinity and all 
nutrients in Winter and Spring was converted into 
significant correlation between NIP and SiIP ratios 
during the two seasons, with correlation coefficient 
r =0.6535 & 0.719 respectively at p =0.01. 

The phytoplankton biomass (chlorophyll a) in 
the Dekhaila Harbour demonstrated extremely high 
primary production, with different growth rates all 
year. High production of phytoplankton 
(chlorophyll a: 123.8~g/1 - 444)..lgll) was found 
during the period from June to October, and another 
comparatively low production appeared in Winter 
(2.5-3.4)..lg/l) and Spring 8.2-40.7 )..lg/I). The 
exceptionally high chlorophyll a during the warm 
period (June-October) has resulted mainly from a 
great amount of planktonic cyanobacteria and green 

. algae associating the discharged agricultural waste 
waters, which reached their maximum volume 
during this period as indicated from the low salinity 
values. This agrees with previous observations of 
Ismael and Dorgham (2002), who reported the 
dominance of diatoms in winter and Spring, and 
fresh water cyanobacteria and green algae in 
Summer and Autumn. Throughout the harbour, the 
phytoplankton biomass exhibited pronouncedly 
different values (ann. av.: 55.0 - 257.6 )..lgll), 
reflecting the variation of productivity rate due to 
ecological differences in different parts of the 
harbour. Although chlorophyll a concentrations had 
significant correlation with silicate content (r = 
0.3826 at p: 95 and n = 60), the two parameters 

The zooplankton population appeared in 
moderately low density, with annual average of 
22600 ind.lml. In spite of two clear peaks in 
September 1998 (93900 ind.lml) and March (85900 
ind.lml), the monthly average was generally low 
over the year, falling within the range of 3300­
16300 ind.lml. Wide spatial fluctuation was 
observed in the zooplankton abundance (I 1000­
36300 ind.lml), indicating the difference in water 
quality between the sampled stations. 

The abundance of zooplankton revealed 
significant correlation with the phytoplankton 
biomass in Autumn and Winter (r = 0.7995 and 
0.665 respectively, at p=O.Oland n=15), 
insignificant one during Spring and Summer. Such 
different seasonal relationships seem to be related 
not only to the seasonal ecological variations, but 
also to changes in community structure of both 
phyto- and zooplankton and to the feeding 
selectivity of different zooplankton species. This is 
in agreement with the seasonal structure of 
phytoplankton in the Dekhaila Harbour (lsmael & 
Dorgham, 2002) and zooplankton (Abdel-Aziz, 
2000), whereas the significant relation between 
zooplankton and phytoplankton in winter coincided 
with the dominance of diatoms in this season, which 
are a preferable food item for many zooplankton 
species as well as the dominance of tintinnids in 
Autumn, the zooplankton group that feed on pico­
and nano-phytoplankton species. This also agrees 
with the high content (4-26 .3 %) of chlorophyll-a 
extracted from pico-phytoplankton in the Dekhaila 
Harbour during the present study. In the meantime, 
insignificant correlation in Spring and Summer was 
associated with the dominance of cyanobacteria and 
green algae, known to be inedible by marine 
zooplankton. 
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The multiple regression analysis on a seasonal 
basis revealed significant correlation (at confid~nce 
level = 95%) between each of phytoplankton 
biomass and zooplankton abundance and physico­
chemical characteristics. The stepwise regression 
analyses determine the factors limiting the growth 
of both phytoplankton and zooplankton in different 
seasons. For chlorophyll-a, the results showed that 
dissolved oxygen was the limiting factor in Spring, 
nitrate and temperature in Summer, dissolved 
oxygen, salinity and ammonia in Autumn and 
silicate in winter. Accordingly, the predicted values 
of chlorophyll a are calculated seasonally from the 
following equations: 

Spring: 

ChI. a = - 24.6 (± 4.51) + 9.4 DO (:to.823), 

Standard Error (SE) = 7.24, n=15, R=0.957. 


Summer: 

ChI. a = - 228.5 (±129.0) - 4.93 N03(±0.96) + 16.21 


Temp. (±4.65), 

SE= 25.5, n=13, R= 0.895. 


Autumn: 

ChI. a = - 203 .8(±36.3) + 17.7 DO (±2.8) + 7.7 S%o 

(±1.4) + 0.5 NH4 (:to.3), 


SE=IO.7, n=12, R=0.97. 


Winter: 

ChI. a = 2.46 (:to.3) + 0.01 Si04 (:to.005), SE= 0.63, 


n=15, R=0.5016. 


Regarding zooplankton abundance, temperature 
and chlorophyll a were the most effective factors in 
Spring, phosphate in Summer, and phosphate and 
nitrate in Autumn, while several factors were 
considered in Winter, namely temperature, 
ammonium (NH4-N), nitrate (N03-N), chlorophyll a 

and dissolved oxygen. The predicted seasonal 

abundance of zooplankton in Dekhaila Harbour can 

be calculated from the following equations: 


Spring: 

Zoopl.= 402206 (±105384) - 19129 Temp. (±5034) 

+ 647 ChI. a (±I64), 
SE= 8990, n=14, R=0.963 

Summer: 

Zoopl. = 13893(±1895) - 876 P04 (±20S.5), 


SE=3534.7, n= 15, R=0.763. 


Autumn: 

Zoopl. = I 1486(±5215) - 1197 P04 (±574) +2091 


N02 (±441), 


SE= 5277, n=13, R=0.859. 

Winter: 

Zoopl. = 42961(±7407) - 1085 Temp. (±244.8) ­
167.5 NH4 (±29.2) +167 N03 (±65.4) -1151.2 ChI. 

a (±535.8) - 4629.4 DO (±22.5), 

SE= 1192, n=15, R= 0.965. 


Conclusion 

The present study revealed that the ecosystem of 
the Dekhaila Harbour is exposed to continuous 
stress of a land-based effluent, containing mixed 
wastes of domestic, agricultural and industrial 
origins, beside the intensive impact of the maritime 
activities. This stress was reflected on the water 
quality and plankton biomass, appearing in form of 
abnormally high nutrients, extremely intensive 
phytoplankton production and relatively low 
zooplankton abundance. These conditions showed 
pronouncedly wide spatial as well as temporal 
variations, but when compared to the previous 
records, they indicate the aggravation of the 
eutrophication problem with time in the Dekhaila 
Harbour, that becoming at present an acute chronic 
case. Therefore, we recommend that the milling of 
grains must be done in a closed system in order to 
reduce the flying flour, an interference should be 
made to change the water circulation system in the 
harbour to give more chance the exchange between 
the harbour and the open sea, and finally the heaps 
of scrapped iron and coke must be covered to 
minimize the turbidity and pollution of the harbour 
water. 
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