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Abstract

Based on weekly sampling, the present short-term study was set out over a one-year cycle in the Eastern Harbor (Alex-
andria, Egypt). This study aims to assess water quality monitoring data. Among the 13 indexes used in the present study
to define the water quality in the harbor, 6 depend on physical and chemical variables, and the other 6 are biological
criteria. Chlorophyll concentrations and phytoplankton cell numbers were also used as indicators for assessing trophic
status. The study indicated that water status mesotrophic and poor-bad classes are the major trend in the harbor, but
oligotrophic condition dominates in winter, and the eutrophic status and poor class dominate in autumn. Looking for
suitable tools to assess the water status in such a highly dynamic marine basin is not a simple task, and identification
of a common quality status relying on a single assessment approach is hard to realize. Despite the consensus between
some approaches, significant discrepancies were observed in the classification results on temporal scale, and for the
inability of some indices to sort all types of water bodies in the harbor. The study might represent an integral part of
holistic ecosystem-based management of coastal waters.

Highlights

1. Diatoms are prevailing in harsh dynamic ecosystem
2. Skeletonema costatum is known as an opportunistic
species

3. Blooms of Chattonella antiquaoffer evidence as effec-
tive biological elements to eutrophication.
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1 Introduction

The Eastern Harbor (EH) is among the most important
regions over the world from a historical point of view, due
to the thousands of ancient Egyptian artifacts found at
its bottom. Monitoring and assessment of water quality
is a crucial sustainability issue for surface water, [1]. Pollu-
tion by numerous anthropogenic chemical and pollutant

may not only degrade these ecosystems but also threat
public health [2]. Water quality is defined as the suitabil-
ity of water to sustain various uses or processes [3]. Water
trophic conditions vary considerably from region to region
[4]. Generally, oligotrophy means nutrient poor (low pro-
ductivity) and eutrophic means nutrient rich (high produc-
tivity) waters. However, few studies are reported about the
boundaries between these categories [5]. Regarding the

B4 Shimaa Hosny, shimaasea@yahoo.com | "National Institute of Oceanography and Fisheries, NIOF, Alexandria, Egypt. 2Faculty

of Agriculture (Saba Basha), Alexandria University, Alexandria, Egypt.

®

Check for
updates

SN Applied Sciences (2023) 5:89

| https://doi.org/10.1007/542452-023-05304-z

SN Applied Sciences

A SPRINGERNATURE journal


http://crossmark.crossref.org/dialog/?doi=10.1007/s42452-023-05304-z&domain=pdf
http://orcid.org/0000-0003-3661-3311

Research Article SN Applied Sciences

(2023) 5:89

| https://doi.org/10.1007/s42452-023-05304-z

EH’s diversity, Zaghloul [6] investigated the phytoplank-
ton structure, dynamics, and species diversity throughout
three separate years in the basin. In addition, its correla-
tion with some environmental parameters. Water quality
index (WQI) is a mathematical tool used to resolve the
composite influence of large multi-parameters of water
quality into single digit scores that simplify the expression
of water quality status [7]. It is useful to facilitate informa-
tion to the public and legislative decision makers for the
establishment of a common reference framework for dif-
ferent water bodies [8]. In spite of the efforts done and
continuous discussion on indices being used globally, it
is extremely difficult to develop a universally acceptable
general water quality index [9]. The temporal differences
in water quality parameters are critical in recognizing the
main contributors in assessment [10].

The present study is the first short-term study to meas-
urements of Secchi disk, nutrient concentrations, and
different phytoplankton attributes (floristic composition,
blooms, abundance, and biomass), attempts to assess
water quality (WQ) status in the harbor. To achieve the
purpose, different water quality indexes were also applied.
Other goals seek knowledge on the interpretation of inter-
actions of various ecological stressors, the reliance of these
methods under different local environmental conditions,
and to evaluate their comparative performance. The study,
finally, aims to facilitate monitoring the health of the har-
bor waters, aid in designing specific pollution prevention
programs, reduce the uncertainty in regulation and man-
agement, and increase the effectiveness of the decisions
adopted by managers and policy makers.

2 Materials and methods
2.1 Study area

The Eastern Harbor of Alexandria City (long.
29°53'-29°54'-E and lat. 31°12'-31°13"-N, Fig. 1), is a rela-
tively shallow, sheltered, and semi-enclosed marine basin
(area 2.53 Km?, water volume 15.2x10° m3, average depth
6.5 m). The harbor throughout water exchange with the

Fig. 1 Satellite image of the
Eastern Harbor and location of
the sampling station
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adjacent Mediterranean Sea receives supply of water
masses mainly affected by the inflow from Qaitbay sewer
outlet located at its western vicinity. Its western part rep-
resents another direct source of pollution as being a site
for anchoring fishing vessels and human activities.

2.2 Sampling and measurements

Weekly sampling during a year cycle (2018-2019) was con-
ducted at a fixed station (4 m depth, Fig. 1). The surface
water temperature and salinity were measured in field
using the water checked physical parameter device HANA,
Model HI 9828, and the water transparency by a Secchi
disc. Water samples for the chemical analyses were filtered
and kept at — 4 °C. The determination of NO3;, NO,, NH,,
PO,, SiO, concentrations followed Parsons [11], Oxidizable
Organic Matter (OOM) according to FAO, [11], and chlo-
rophyll g, (Chl. a) by Jeffrey and Humphrey, [12] method.
Living subsamples were first examined by an inverted
microscope for identification of delicate flagellates, and
the water samples were then preserved (Ligoul’s acid
solution), and counted [13] after sedimentation [14]. The
identification followed mainly the taxonomic guidelines
of Tomas [15].

2.3 Water quality indices

Different Water Quality Indexs (WQIs) were applied to
assess the water quality status: Shannon’s Index [16]; the
diversity index was calculated based on the relative degree
of dominance of 32 major contributory species using
PRIMER software (Ver. 6.1), applying the formula: Diversity
Index H'=X (ni/N log,(ni/N)), wherein, ni is individual sum
of i-th species, N is individual sum of all species; the Palmer
pollution index [17] was used to assess the harbor’s water
quality; the 20 algae species that are most resistant to
organic pollution: Euglena viridis > Nitzschia palea > Oscil-
latoria limosa > Scenedesmus quadricauda > Oscillatoria ten-
uis > Stigeoclonium tenue > Synedra ulna > Ankistrodesmus
falcatus > Pandorina morum > Oscillatoria chlorina have
tolerance (pollution index) of 6,5,4,4,3,3,3,3,3 respectively;
phytoplankton abundance criteria [18] with the criteria as:

Mediterranean Sea

Eastern
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up to 6 x 103cell™ for oligotrophic waters, 6 x 10°~1.5x 10°
cells I"" for mesotrophic waters and > 1.5x 10° cells I for
eutrophic waters; the Secchi disk measurements [19-22]
is used to determine the trophic status of surface waters
by using the following equation K=1.7/depth; The bound-
ary values of quality classes for nutrient variables [23],
[19] and the European Union Water Framework WFD [24],
[25] as illustrated in Table 1; the eutrophication scale [26]
modified by Simboura [27]; the Estuarine Trophic Status,
ASSETS [21]; the Eutrophication Index (E. I.) based on Chl.
a and nutrient contents, and the phytoplankton elements-
based assessment have been used to develop multi-metric
or univariate classification scale for eutrophication assess-
ment tools [28-30]. The eutrophication scale is divided
into the categories: High quality system (<0.1 pg I7"),
Good or oligotrophic (0.1—0.4 pg I-1), Moderate or meso-
trophic (0.4—0.6 ug I™"), Poor (0.6—2.21 ug I') and Bad
(>221ugl™).

The diatom/dinoflagellate index was calculated within
the scope of the Marine Strategy Framework Directive
MSFD, [31]. The water bodies with algal Shannon-Weiner
index are classified following the scale of Wilm and Dorris,
[16].

3 Statistical analyses

Pearsons [32] correlation analysis was applied to deter-
mine the relation for each pair of the measured water
physical, chemical variables and biotic components and
different indices.

4 Results and discussion

Itis beyond the scope of this paper to discuss other funda-
mental factors not mentioned in the present article as criti-
cal aspects influencing the water quality status. Among
the 13 approaches used to assess the water quality status,
and as indicators of pollution in the harbor, six different
indices rely on physical and chemical variables, and the
others are based on biological criteria. Furthermore, basic
phytoplankton parameters were used to evaluate and
track trends in eutrophication.

Water turbidity affects the clarity of the water [31],
and the layer of photic zone that extends here between
1.35 and 9 m, mostly deeper in winter. The Secchi disk
measurements (mean 2.1 +0.66 m) never fall below the
threshold < 0.5 m, which describes the water eutrophic
[18] and as being > 0.5 m indicates “Good” water qual-
ity [21]. According to the standards of Bricker [20], [21],
96% of the Secchi disk readings lie in the range of 1-3 m,
indicating medium turbidity. The Secchi disk measure-
ment, despite being an easy, inexpensive way that simpli-
fies and makes comparison between different temporal
trophic situations of a marine system more consistent, is
arather coarse method to determine the trophic status of
surface waters. Secchi readings seem to be affected sig-
nificantly by NH, (r=-78, P<0.01) in winter, and with Chl.
a (r=-0.23, p<0.05), while the very weak, unexpected
negative correlation found with OOM levels (r=— 0.04)
and the phytoplankton abundance (r=— 0.14) proves its
uncertain evaluation. The inverse relationship with Chl.
ais in agreement with other records [33]. However, the
proven strong relationship between eutrophication and
accelerated organic matter [18] should specify notably
this relation as an integral part of holistic ecosystem-based
management of coastal seas. Thus, the determination of
the general specific status of the harbour water cannot rely
on solo Secchi measurements, particularly in estuaries, and
coastal eutrophic areas.

According to the Water Framework Directive (WFD,
2000/60/EC) [22] commits to European Union (EU) regu-
lations, data of the concentrations of phosphorus, nitro-
gen, nutrients ratio, salinity, pH, the Secchi depth, and
chlorophyll a are the basic quality elements for the evalu-
ation of the ecological status of the water bodies. The pre-
sent nutrient concentrations were regularly disturbed by
escalating external and internal input of nutrients from
anthropogenic activities, nutrient accumulation and
retention affected by episodic storm events, and from
degradation after algal overgrowth. The TN values (mean
1.17+0.47 uM 1", range 0.42-3.03 uM I”") compared with
the depleted PO, (93.88% < 1 ugl”) affected the stoichio-
metric ratio, particularly in the autumn (1.44-32.55). The
negative significant link between N/P, N/Si and salinity
(r=—10.32 and — 0.48, p <0.05) signals the influence of
discharged water input as a cause of eutrophication [34].
Based on the nutrient concentrations of the European

Table 1 Seasonal water quality

) Variable Autumn Winter Spring Summer
classes (European Union Water
Framework) H/G G/M M/P P/B H/G G/M M/P P/B H/G G/M M/P P/B H/G G/M M/P P/B
PO, 8 6 6 1 1 10 1 1 10 5 2 7 9
NO, &NO, 20 12 12 21 2
NH, 7 6 7 5 2 6 6 5 12
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Union Water Framework (WFD) criteria, and according
to the boundary values, the discriminant of the water
quality classes showed different status (high H-good G—
medium M—poor P—bad B) at temporal scale (Table 1).
Although this technique is not a computational tool for
scaling trophic status, it can characterize water masses
by establishing a hierarchy based on variables describing
eutrophication [26]. This scaling needs testing and pos-
sible adaptations to real conditions [25]. The (H/G) water
quality seems to rely on N concentrations, rather than P
concentrations, and the concentrations of NH, seem to
have effect on both (G/M), and (M/P). The P levels seem
responsible for water degradation in the harbor. The
results indicated mesotrophic condition, with no particu-
lar temporal trend to be the major, oligotrophic condition
dominates in winter, and the eutrophic status accompa-
nied the bloom periods in autumn, spring and summer.
The P levels seem responsible for water degradation in the
harbour. On contradictory, the other hypothesis assumes
different results as the oligotrophic condition in winter,
the dominance of eutrophic condition but mostly during
the bloom periods in autumn, spring and summer, and the
mesotrophic condition to occupy the second contributory
level, with no particular temporal trend. This classification
seems logic as linked with the variation in phytoplankton
abundance.

The pollution index score of Palmer [17], has been
assigned to each of the 20 types of algae that are most
tolerant to organic pollution. The score is evidence of high
organic pollution when the pollution index score is 20 or
more, 15-19 probable organic pollution, and 0-1 indi-
cates a lack of organic pollution. The present calculated
pollution index score was 26; the score is evidence of high
organic pollution. The study includes nine genera from the
20 genera in the list of Palmer [17].

Chlorophyll a concentration as a usual cause of practical
problems resulting from eutrophication has been widely
utilized to assess the status of aquatic ecosystems and pos-
sible human impacts [35]. Based on the (ASSETS) method-
ology applied comparatively to rank the temporal changes

Table 2 Assessment of water quality in the harbor

in the eutrophication status of the harbour and based on
Chl. a thresholds (ug I71), the calculated results are givenin
Table 2. The application of the ASSETS methodology may
be applied comparatively to rank the temporal changes
in the eutrophication status of estuaries and coastal areas
[21], into the four categories: hypereutrophic, high, moder-
ate and low, where moderate ranges between 5-20 g I
and low 0-5 ug I™".

The major fraction of the trophic status (65.31%) falls
within the low status category, and the moderate status
is ranked second. The low eutrophic condition was a per-
manent characteristic feature in winter when all the values
of Chl. A were lower than the threshold of 5 ug I"!. The
status changed in spring as influenced by the minor spring
bloom when moderate status existed by 25%. The maxi-
mum value of Chl. Ain summer (16.75 ug D)} accompany-
ing proliferation or blooming of phytoplankton rendered
the water into of moderate status most of the time. The
effect of high Chl. A in autumn, particularly by the end of
September (12.69 pg I”") was also clear, but, the low status
category dominated.

According to the classification scale ranges of Karydis,
[26] and Simboura [27] the calculated data illustrated
almost similar results with the dominance of the poor
and bad status (65.31%), particularly in spring and sum-
mer, while the high-moderate status was of insignificant
appearance (collectively, 16.3%). Thus, the classification
is based on Chl. a data goes in parallel with the above
approach as declaring the bad condition in the harbor.

The calculated data following the assessment of trophic
status proposed by Primpas [29] classified the water quality
into two categories, declaring the E. I. a fundamental index
that affects the ecological evaluation of water quality [36].
The calculated E. I. values higher than 1.5 (89.8%, 4 out of
49 observations) and the 5 observations (10.2%) between
0.85 and 1.5, were classified as “affected by eutrophica-
tion”, explaining the harbor waters of “Poor”—“Bad” classes.
The poor status appeared scattered, but mostly was reg-
istered to late autumn-early winter (Fig. 2). The E.l. values
varied seasonally (average 2.49+0.80), with the highest

Season Status according to Bricker [20]  Status aacording to Karydis [26] and Simboura [27]
Low Moderate High Good Moderate Poor Bad
0-5ugl™’ 5-20 ug ™ >0.1ug ™ 0.1-04 pg I 0.4-0.6 ug I 0.6-2.21ug 1™’ <221 pgl™

Autumn 9 4 1 0 0 5 7

Winter 12 0 0 6 1 3 2

Spring 9 3 0 0 0 1 1

Summer 2 10 0 0 0 0 12

Total No 32 17 1 6 1 9 32

% 65.31 34.69 2.04 12. 2.04 18.37 65.31
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accompanying the massive blooms. It appears that the
ranges of E. |. tool scales do not properly sort oligotrophic
and mesotrophic water bodies, and no “Good” or “High”
class level of water was calculated. The high TN (total
nitrogen) compared with the depleted PO, as previously
mentioned was a reasonable factor that might explain the
observed status, similar to that reported in the NE Mediter-
ranean waters [37]. There was a strong relation of E. |. with
salinity and Ph (r=—-0.54 and 0.47, p <0.05), while both
temperature (+) and transparency (—) seems to affect the
eutrophic status of the harbor to a much lesser degree
(Fig. 2). These factors are considered primary determinants
of the seasonal dynamics of eutrophication level [36]. The
calculated data of the E. I. illustrates the high to moderate
quality status (oligotrophic-mesotrophic) to be of insig-
nificant appearance. Seasonally the values were relatively
lower in winter (average 2.12), and were almost similar
during the other seasons. As the nutrient and Chl. a con-
centrations exhibited significant temporal variations, it is
hard to define boundary values discriminating the trophic
levels in the harbor.

5 Assessing trophic status using
phytoplankton metrics

Phytoplankton, due to its fast population responses to
changes in water quality, hydrology, or climate [38], is
employed as an indicator of changes in nutrient loads
and a key element for assessing eutrophication and qual-
ity status in aquatic systems [25], has been also defined
in the Water Framework Directive among the biological
quality elements for the assessment of the ecological sta-
tus of water bodies. Different phytoplankton attributes
are essential to assess the ecological status [30]; [39].
Since each single phytoplankton metric shows a differ-
ent response to different pressure and can provide differ-
ent information on the condition of the aquatic ecosys-
tem, numerous authors have underlined the importance
of combining different phytoplankton metrics under the
framework of integrative quality assessment to develop
robust tools [33]. While metrics based on phytoplankton
quantity and production are used indicators of eutrophi-
cation in the status assessments of surface waters [40],
there is no much work on eutrophication scaling based

Fig.2 Values of the Eutrophi- 5
cation Index
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on phytoplankton cell numbers. However, in published
work on spatial analysis it was found that cell number
was an efficient variable in studying spatial trends [41,
42].

However, not much work on eutrophication scaling
based on phytoplankton cell numbers was conducted.
Testing hypothesis [18] for phytoplankton abundance,
the oligotrophic condition was scarcely detected (7
observations, 14.28%), restricted mainly to winter, while,
the eutrophic condition dominated (24 observations,
48.98%), but mostly during the bloom periods in autumn,
spring, and summer. The mesotrophic condition signifi-
cantly contributed 36.73% (18 observations), without any
particular seasonal trend. The results are consistent with
that of Chl. a. Shannon’s index is often used to assess water
quality in many aquatic ecosystems, with special relevance
to coastal marine eutrophication [43]. It is often used in
descriptive studies to quantify community diversity, and
as a useful indicator for assessing water quality in many
aquatic ecosystems, with special relevance to coastal
marine eutrophication [43]. Usually, H' is calculated only
from biological taxonomic variables without direct link-
age to abiotic variables or functional variables; however,
anthropogenic impacts affect both taxonomic and func-
tional diversity [44]. However, several authors pointed out
that Shannon’s index does not seem to be appropriate for
eutrophication studies for different reasons [45], [46]. The

values of H' during a year cycle are shown in Fig. 3. Based
on the criteria of Wilm and Dorris [16] the computed index
H’ on mean values ranged between 0.89 +0.4 bits ind™
summer and 1.16+0.47 bits ind~" in fall, while, winter and
spring displayed similar patterns (around 0.97 bits ind™").
The values were categorized as 14.5% were < 0.5 bits ind ™',
38.77% between 0.5-1 bits ind™'; were both classified as
heavily polluted, and 46.9% of > 1 < 2 bits ind™" indicating
moderate pollution. In contrast, the calculated H’following
the criteria of Sun and Liu, [47] did not recognize moder-
ate pollution status, and confirmed the previous results as
heaviest pollution representing 46.94% (maximum in win-
ter), and high pollution (53.27%, maximum in summer).
Since, different environmental factors driven by natural
and human-induced stressors were involved in the tempo-
ral variation of H’' (Table 3), the assessment of water quality
in the harbor seems to be a more complicated problem,
and consequently, no specific controlling factor/s could
be defined.

The water quality assessment is based on other phy-
toplankton attributes such as structure, diversity of taxa
from different functional groups, variability in dominance,
indicator and alien species, frequency, and the intensity
of phytoplankton blooms. These attributes constituted
an excellent baseline to understand the ecology, water
quality status, and degree of eutrophication of the harbor
ecosystem, consistent with other observations [48].

Fig.3 Shannon diversity Index 2.00 r
(H") during a year cycle
1.50 f
E
B=i ]00 L
b2
=
0.50 r
RAP PSS T S S8 0“\\’@0%‘%
«%\%V% %é% QQ\M? UN %@\\ﬁ\@@ Q\q’&&v
Table 3 Correlation coefficient ’ .
H Tem Sal Transp. pH NO NO NH SiO PO, oM
between Shannon diversity PP 3 2 4 ™ 4
Index (H"), and environmental Autumn
‘S’:;';’:r:‘:Sd“"”g the different 0198  -0.217 0.468 0145 0273 0371 -0066 0078 -0.277 -0.521
Winter
-0.625 -0.225 0.076 -0.663 0.338 0.58 0.117 0.358 0.485 -0.031
Spring
0.13 -0.12 0.313 0.067 0.563 0.343 0.389 0.516 0.698 -0.264
Summer
-0.362 0.224 0.12 -0.587 -0.096 -0.478 -0.079 -0.505 -0.282 0.032
(Significant at P< 0.05 in Bold)
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The large abundance (mean 227.8 x 103 unit I”') and
number of the recorded diatom species (108 taxa) pre-
vailing in this harsh dynamic ecosystem, their weekly
succession, and quick response to abrupt environmental
changes offered an advantage to diatoms as valuable indi-
cators of ecological quality [49]. Several recorded diatom
species, such as the centric prominent Skeletonema cos-
tatum known opportunistically, can benefit from increased
nutrients to flourish, indicating signs of eutrophication
[39]. This species formed several bloom events in the har-
bor as previously reported elsewhere under eutrophica-
tion conditions [50]. The increased number and recurrent
temporal occurrence of the bioindicators; Bacteriastrum
spp., Chaetoceros spp., Leptocylindrus spp., Rhisosolenia
spp., Cyclotella spp. Pseudonitzschia spp. Thalassionema
nithzschioides, and Thalassiosira spp. indicated changea-
ble nutrient loads, the eutrophication process, and organic
pollution [40].

The temporal changes in the diatom:flagellate ratio,
particularly within the bloom periods, served as a potential
indicator of eutrophication of worsening environmental
status as declared by several authors [31], [41]. Mikhail and
Halim [5], offered supporting evidence in the harbor where
the progressive long-term increase in anthropogenic nutri-
ents resulted in a decreasing of diatom/flagellate ratio, and
recurrent flagellate blooms. This alternative index was able
to identify the regime shift occurred sometimes as on 21
September (the ratio at 0. 56), 15 May and 16 June (0.64
and 0.67). However, such reduced ratios did not necessar-
ily mean much lower abundance of diatoms, but could
also rely on the sharing of other dominant forms. While
the diatom/dinoflagellate ratio was suggested as a pre-
core indicator [10], the role of changeable N/P ratio dur-
ing the present study as a driving factor for community
shift is difficult to establish. The study included 28 poten-
tially harmful/toxic dinoflagellates species considered as
indicative of eutrophic conditions [42]; among them Alex-
andrium catenella, A. minutum, Gymnodinium catenatum,
Heterocapsa triquetra and Protoperidinium quinquecorne
were of noticeable occurrences; the latter species inhab-
its eutrophic and polluted brackish nutrient-rich environ-
ments of organic and inorganic forms [51].

The predominance of diatoms all year round over dino-
flagellates detected applying the diatoms/dinoflagellates
index [52] was a pre-core indicator for the assessments
of the environmental status, offering evidence for good
environmental status. According to the index, diatoms
dominate the community at the index value > 0.5, and
dinoflagellates at < 0.5. However, factors as the sharing
of other dominant forms rather than diatoms, and the
changes in the nutrient concentrations and stoichiomet-
ric composition could modify the relative proportion
[53]. The study confirmed the quick changes in species

composition i.e. the predominance of a certain species
could be replaced by another in a couple of days, signaling
symptoms of eutrophication [34]. The predominance of
the chlorophycean picoplankton Micromonas pusilla over
diatoms, mostly during its bloom periods in early autumn
and summer offers an example. These species were previ-
ously recorded as dominant in eutrophic waters [54].

The massive blooms of the two raphidophytes species
Chattonella antiqua and Heterosigma akashiwo might offer
extra evidence as effective biological elements in evaluat-
ing responses to eutrophication since close connection of
H. akashiwo blooming was found with increased load of
DIN and DIP in agreement with others [55]. The present-
recorded bloom periods of different species from different
classes and of different magnitudes provided important
indicators of degraded water quality [56]. The major part
of Chl. a production occurred with the massive summer
phytoplankton bloom representing a strong indicator of
heavy eutrophication and trophic state [56].

The present occurrence of the well-diversified fresh-
water species of chlorophytes (10 taxa, 5.92% of the total
species number), cyanophytes (8 species, 4.73%), eugle-
nophytes (4 species, 2.37%), and raphidophytes (2 species,
1.18%) is considered one of the reliable levels of biological
organization that possess many attributes to assess the
ecological status of a water body, and represent a useful
biological indicator [57]. According to Garcia and Bonel
[44], the mere presence of these species is an indication
of poor water quality and low salinity. The occurrence of
Oscillatoria tenuis and O. limosa was reported to be associ-
ated with pollutants of biological origin [58], Euglena spe-
cies with organically polluted water [59], and the presence
of Scenedesmus and Anabaena with nutrient enrichment
[52].

The present appearance, even in low counts of species
that were previously registered aliens of recent introduc-
tion in Alexandria coastal waters during the last two dec-
ades [53], might offer extra evidence as effective biological
elements in evaluating responses to eutrophication [41].
These species were the diatom Pseudonitzschia pungens,
the dinoflagellates Alexandrium ostenfeldii, A. catenella,
Katenella mikimotoi, G. catenetum, Oestriopsis cf. ovata
and the rapidophycean species H. akashiwo and C. antiqua.

6 Conclusions

Looking for suitable tools to assess water quality in the
harbor is not a simple task, and it is hard to rely on specific
criteria to identify a common quality status. In this study,
phytoplankton is employed as an indicator of changes in
nutrient loads and a key element for assessing eutrophi-
cation and quality status in aquatic systems, which in turn
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offers full understanding of the water quality status in the
harbor. Mesotrophic and Poor”-“Bad” classes are the major
trend in the harbor, but oligotrophic conditions dominates
in winter, and eutrophic status and poor class dominate
in the autumn. Diatom species are prevailing in this harsh
dynamic ecosystem, the harbor includes nine genera
of the 20 genera in the list of phytoplankton tolerant to
organic pollution and 28 potentially harmful/toxic dino-
flagellate species considered as indicative of eutrophic
conditions. The study also confirmed that The increased
number and recurrent temporal occurrence of; Bacterias-
trum spp., Chaetoceros spp., Leptocylindrus spp., Rhisosole-
nia spp., Cyclotella spp. Pseudonitzschia spp. Thalassionema
nithzschioides, and Thalassiosira spp. are considered as
bioindicators of changeable nutrient loads, eutrophication
process, and organic pollution. Hence, we can assess the
state of water quality through biological indicators that in
turn contribute to coastal management. The importance
of the study is that it is one of the most important short-
term scales for identifying potential trends in the degrada-
tion or improvement of coastal environments.
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