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ABSTRACT

The investigated area extends for 3 km and was subjected to three phases
of coastal alterations which affected not only the topography of the area
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but also the water quality, productivity and phytoplankton communities of Harmful agae;
coastal area. Beaches have been protected since 1934 in order to prevent Alexandria coast;
further erosion and to provide new recreational beaches. After 1998, protec- Egypt.

tive wave breakerswere built parallel to some of the beaches. Thisresulted
in the formation of relatively large semi-closed, shallow lagoons. Due to
their shallow depth, these |agoons became a suitable environment for algal
blooms. From 2010, other processes were doneto reduce the harmful effect
caused by the previous coastal modification in the area. The composition
of the phytoplankton population wastotally different for the two periods of
coastal modifications. The most important bloom caused by Micromonas
pusilla forming greentide. Thisbloom was accompanied by the bloom of P.
quinguecorne. Although there were no fish or invertebrate mortality in
2007, this bloom caused economical lossesfor internal tourism.

In the absence of Environmental Assessment, the coastal engineering in-
creased the harmful algal blooms in Alexandria coastal waters even with
corrective steps to mitigate the harmful effects.
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INTRODUCTION

Coasta areas are remarkably dynamic environ-
mentsrichin natural resources, biologica diversty and
with high potentia for al kind of commercid activities.
Therising pressureover the coastal zoneat theglobal
level hasbeen broadly dealt with the scientificlitera-
turé¥. Thejunction of multipleinterests, such asfisher-
ies, tourism, portsand industrid activitiesmakethese
areasthemost popul ated of theworld, demanding ef-

fortsof protection of the productivity and quality of the
coastal resourcesand human hedlth of coastal commu-
nitied?.

Alexandriacoasts are certainly areaswhere both
human activitiesand environmental pressuresareat a
maximum. Erosion and deposition of solid materidsby
theaction of water movement are continuous processes
along the shore line. As aresult, beaches had to be
protected since 1934 in order to prevent further ero-
sion and to provide new recreational beaches®. A se-
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riesof groinsand detached breakwaterswere built dur-
ing thelast two decadesto mitigate hot spot beach ero-
sion. At alater stagethisareawas subjected to further
successive coastal engineering workswhich affected
not only thetopography of the areabut a so the water
quality, productivity and phytopl ankton communitiesof
coastal area. As alater stage, it soon appeared that
corrective measures have to be taken to mitigate the
negativeimpactsof the coastal workswhich had been
carried out. Three phasestherefore haveto bedistin-
guished.

Phase (1): 1998 to 2003 (Figure 1a)

A seriesof groinsand detached bregkwaterswere
built perpendicular to the coast line. But these struc-
tures soon proved to beineffectivein preventing beach
eroson.

Phase (2): Protectiveworks 2003-2007 (Figurel b)

T-shaped breakwaters were built extending for
400m pardld tothe coast infront of EI- Mandara(sta-
tions1& 2)120m offshore, dl structuresbeing 3 meters
inelevation above sealevel. Severa artificia beach
nourishment projectswere also carried out with the
addition of nolessthan 250cu.m sand per meter length.
Inaddition, groins perpendicular to thebeach and pro-
tectivewavebreakerswereaso built. Asaresult, rela
tively large semi-d osed shdlow lagoonsabout 3m depth
for swimming and recreation were created.

Phase (3): Correctiveworksafter 2007 (Figure 1c)

After completing the second phase of coastal engi-
neering, it appeared that wave action causes strong ero-
sioninfront of El-Mandara(stations1 & 2) and that
erosion extended to the Corniche (theseafront) wall in
the unprotected segments. Foll owing the recommen-
dationsof the Organization for planning of theAlexan-
driaregion, al breskwaterswere submerged below sea
level. Thischangeled to minimizing theimpact on ma:
rinelife, erosion and sedimentation.

At any giventimeand place, thedegreeof diversity
and amount of biomassin anatura assemblage of phy-
toplankton represents abal ance among numerous en-
vironmental factorsincludingirradiance, temperature,
salinity, grazing and nutrient input. When thesefactors
undergo rapid change, the new conditionsmay befa
vorable to some species and unfavorable to others.
Shiftswithin the plankton assemblage may begradua,
occurringover thecourse of severd weeksor can some-
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times occur withinjust afew days®.

Theaim of the present study isto investigatethe
Impact of successive coastal engineering processeson
the phytoplankton a ongAlexandriacoast during the
two phases of modifications (2007 & 2011).

MATERIALAND METHODS

Samplecollection wascarried out biweekly during
the period from 26 June to 15, September 2007 and
from 16 Juneto 17 August 2011 from Miami Beach
(St. 4) to EI-Mandarah (St. 1 and 2) along about 3km
of coast (Figurel).
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Figure1: Sation position during thethreephasesof coastal
engineering; A: phase 1 (1998-2003); B: phase 2 (2003-
2007); C: phase 3 (after 2007)
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Environmental parameters

Sdinity, temperature and pH were measured insitu
usng HANA ingruments, sdintest modd HI 98203 and
pH-°C model HI 98127. In addition, one liter of water
samplefrom each sitewascollected in plastic bottlefor
nutrient andyss. Nitrate, nitriteand dissolved phosphate
were measured according to Standard M ethods®!.

Plankton samples

Oneliter of water samplesfor quaitativeand quan-
titativestudy of phytoplankton wascollected fromeach
siteof thestudy area. All sampleswere preservedin
4% formalin, left to sediment, and counted usinganin-
verted microscope” and Olympus microscope. In ad-
dition, macroal gae were collected where present from
all sitesto study epiphytic dinoflagell ates present ac-
cording GEOHAB®S.

RESULTSAND DISCUSSION

Water quality

The results of water quality are summarized in
TABLE 1. Comparison between the pH, salinity and
temperature during the three phases showed that there
areno significant variationsbetweenthem. ThepH va-
ues areon the alkaline side ranging from 7.6 to 8.7,
whichfdl withinthenorma rangeof sesawater. Sdinity
ranged from 37 to 39.6 spu at al phases. Thelower
salinity wasrecorded during phase (2). Temperaturein
thethree phasesranged from 26.2 to 31.2°C, the maxi-
mum temperature wererecorded during phase (3).

Ontheother hand, nutrient concentrations showed
remarkable differences between the three phases
(TABLE1). Thelower nitrate concentrationswerere-
corded during phase (1), ranging from 0.32 to 2.56
umol™. A remarkableincreasein nitrate was detected

TABLE 1: Rangeof environmental parameter srecor ded dur-
ingthethreephasesof coastal engineering

Parameter  Phase 11 Phase 2 Phase 3
Salinity (SPU) 378-392  37-396  37.8-395
Temperature (°C) 266-302  265-30 261312
pH 7.64-8.34 8.1-8.6 8.1-87
Nitrate (umol 1) 032-256 343-2237 3.47-12.67
Nitrite (umol 1) 0.01-0.03 0.35-191 0.82-1.91
Phosphate (umol 1™) 0.03-0.04 1.66—2.89 0.68-2.4
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during phase (2), ranging from 3.43to 22.37 umol ™.
Thehigher concentrationswererecorded at station (4),
whilethelower concentration wasrecorded at station
(2). At phase (3), nitrate concentration began to de-
crease astherate of exchange with the open seain-
creased. It ranged from 3.47t012.67 pmol™. Although
the nitrate concentrationswerelessthan during phase
(2), station (4) still characterized by itshighest nitrate
vaues

Phosphate concentrati ons showed the sametrend.
Phosphatewas very low during phase (1), rangingfrom
0.03t0 0.04 umol™. Itincreased to reach 2.89 umol-
1during phase (2), decreased again at phase (3) with
maximum concentration 2.4 pumol-1 (TABLEL). Ni-
trite concentration was|ow during phase (1), ranged
from 0.01 to 0.03 umol™, and increased during phase
(2) and (3) until reaching 1.94 pmol™.

During phase(2), therefore higher nutrient concen-
trationsand lower sainity valueswererecorded at the
semi-closed areas (St 1 and 4).

Phytoplankton community

Phase (1)

Information concerning phytopl ankton community
and distribution during this phase are compl etely ab-
sent. Themonitoring program (CWMP) establishedin
1999 by the Egyptian Environmental Affair Agency
(EEAA) andthe Danish Internationa

Deveopment Assistance(DANIDA) monitoredthe
hydrographica conditions(water temperature, dissolved
oxygen, sainity and pH), bacteriological parameters
(total coliform, E. coli and faecal Sreptococci bacte-
ria), in addition to eutrophication parameters (chloro-
phyll-a, total suspended matter, transparency, tota ni-
trogen, nitrate, nitrite, anmonium, reactive and total
phosphate and reactive phosphate). The monitoring
results demonstrated that the public beaches of Alex-
andriawere clean and unpolluted®. The measurement
of eutrophi cation parametersrefl ected oligotrophic con-
ditionsinthisared'”. Thisareawasa so characterized
by awel| established and diversified macroalga com-
munity™4,

Phase (2)

This phase was characterized by phytoplankton
bloomsasthe nutrient concentrationswerehigh. With
Increas ng temperature during summey, these artificia
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lagoonsbecameasuitableenvironment for dga blooms
Eighty eight species were recorded belonging to 6
groups; bacillariophyceae, dinophyceae, cyanophycese,
euglenophyceae, chrysophyceae and prasinophycese.
Among them 22 speciesare known to be potentialy
harmful (TABLE 2). These speciesareresponsiblefor
bloomsat al ationsduring this phase.

The phytopl ankton abundance during this phase
ranged from 14 x 10°to 31.7 x 10° cell I'* (Figure 3A).
Thedensity of the bloomswas governed by therate of
exchange with the open sea. Lagoonswith only one
outlet to the seawere outstanding intheir bloom den-
Sity, in contrast with lagoonswith more than one open-
TABLE 2: Potentially har mful speciesand their range of

abundanceduring thetwo phases. cellsX 10°. NR=not re-
corded

Har mful species Phase 2 Phase 3
Cyanophyta
Oscillatoria acutissima 0.17-806 0.18-0.64
Oscillatoria nigroviridis 0.26-1 0.17-04
Diatoms
Asterionellopsis glacialis 0.11-824 NR
Bacillaria paxillifera 0.13-23 0.17-5.9
Bellerochea horologicalis  0.15-4020 0.12-6.2
Cyclotella meneginiana 015-274 0.16-054
Cylindrotheca closterium 0.15-300 NR
Leptocylindrus minimus 0.15-15.3 NR
Melosira nummuloides 0.54-2338 19-21
Pseudonitzschia sp. 0.17-1702 04
Skeltonema costatum 0.12-63 NR
Dinoflagellates
Alexandrium sp. 026-08 0.17-4.95
Amphidinium klebsii 0.42 -99.6 NR
Lingulodinium polyedrum 0.17-0.31 NR
Ostreopsis sp. NR 0.15-41.8
Peridinium quinquecorne 0.51-9909 0.17-2.98
Prorocentrum lima 011-91 0.12- 0.25
Prorocentrum micans 0.14-183 0.44
Prorocentrum minimum 027-22 0.18-6.1
Scrippsiella trochoidea 0.13-915 0.16-8
Euglenophytes
Euglena sp. 0.15-045 0.17-139
Eutreptia sp. 0.27-2465 0.36- 13.9
Prasinophytes
Micromonas pusilla 1.7-21792 0.54-905
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ing. Thetwo openingsin St 2 and 3 allowed the ex-
changeof water and asaresult the phytoplankton stand-
ing crop decreased.
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Figure?2: Total phytoplankton abundance. A: phase2 and B:
phase3

Thisphasewas characterized by:

a) Thefirst record of Micromonaspusilla (Figure4a)
inAlexandriawatersforming agreentide, with amaxi-
mum standing crop reaching 21.8 x 10° cdll I at station
4).

b) The presence of Peridinium quinquecorneinthe
study areaforming 4 bloomswith maximum density 9.9
x 10° cell I’ According to the previous studies2*¥ the
specieswasrestricted to the Eastern Harbour west to
thisareawith cysts of the speciesrecorded from the
harbor sediment*4. Itisthefirst record of thisspecies
inthe open waters of Alexandria. Thismay bedueto
thetransport of sediment with the speciescyst to the
areaduring thisphase.

¢) The blooms of Micromonas pusilla were aways
accompanied with the blooms of Peridinium

Snoivonmental Science
A Jndian ﬂo«/md



ESAIJ, 11(2) 2015

quinguicorne (Figure4b).

d) The dominant specieswere; Micromonaspusilia,
Peridinium quinquecorne, Pseudonitzschia spp.,
Bellerochea horologicalis, Oscillatoria acutissima
and Eutreptia sp.

€) Absenceof macroalgal community.

&
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Figure 3 : SEM a) Micromonas pusilla b) Peridinium
quinquecorne

Thevita Egyptianindustry that hasavul nerability
to harmful aga bloomsislocal tourism. Historically,
the bathing beachesand numerous cultural attractions
intheAlexandriaregion have drawn over onemillion
visitorseach year*™. The popularity of thesetourist at-
tractionsisthreatened by eutrophication andtheincreas-
ing number of harmful speciesintheared’®. The nega
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tiveimpacts of HABson thetourismindustry can be
dramatic, with large scale economiclossesto hotels
and restaurantsand other businessesintheimmediate
area, aswell asmore widespread depression of tour-
ismintheregion. Althoughthecoastd enginesringworks
in this phase were done to protect the beaches and
encouragetourism, theeffect wasopposite. Thesearti-
ficd lagoonsbecamesubjected to different water qudity
problems|eading not only to economic lossesfor the
internal tourism sector, but aso to human health threat
fromintake of pathogenic micro-organisms (bacteria
and harmful dinoflagellates); direct contact with pol-
luted seawater and beach sand; and consumption of
seafood contaminated by toxic dinofl agell ates, espe-
cidly inbioaccumulating organisms such asfilter feed-
es.

After 2007, theregional authority launched anin-
novative policy, aimed at reducing the harmful effects
caused by the previous coastal modificationsa ong the
areaof about 3.75 km.

Phase (3)

This phase was characterized by the remarkable
decreasein phytoplankton abundanceand richness. The
phytoplankton richness decreased to 55 speciesand
thepotentialy harmful speciesdecreased to 17 species
(TABLE 2). Thestanding crop of phytoplankton ranged
from 1.4 x 10°to 3x 10° cell I'* (Figure 3B), the de-
creasein abundance accompani ed the decreasein nu-
trient concentrations. In addition, Asterionellopsis
glacialis, Cylindrotheca closterium, Leptocylindrus
minimus, Skeltonema costatum, Amphidinium
klebsii and Lingulodinium polyedrumare compl etely
absent (TABLE 2). During this phase, station (4) was
theonly station that supported phytoplankton blooms
especially; Micromonas pusilla and Peridinium
quinguecor ne. Thenumber of bloomsdroppedtothree
times only and there abundance decreased to 0.91 x
10° cell 1-1 and 2.98 x 10° cell I, respectively. Al-
though thisphasewas characterized by areduced num-
ber of harmful species, Peridinium quinguecorne be-
camehigher initsabundancethan Micromonaspusilla
presumably asitscystsbecamewdll establishedinthe
area

Comparison between thedominant speciesreported
during phases (2) and (3) showed that, although
Micromonas pusillaformed agreentide during phase
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(2) with 3 blooms recorded (Figure 6d), it dropped
during phase (3) to one bloom (905 x 10° cell I1) re-
corded at St (4). Pseudonitzschia sp. which domi-
nated the phytoplankton community during mid-Sep-
tember 2007 a St (1) with maximum abundanceof 1.7
x 10° cell I'Y, it wasrecorded only onceat St. (1) witha
much lower abundance (400 cell 1Y) during phase (3).
In addition, the continuous coastal engineeringinthe
arealeadsto anincreasein the harmful algal species
along the Egyptian M editerranean coast from 29 spe-
cied'™ to 38 species.

CONCLUSIONS

A magjor problem along Alexandriashorelineis
beach erosion. Accordingly, the coast was subjected
to coastd engineering modificationsin order to prevent
erosion and establish new recreational beaches (phases
1 and 2). Phase 3 consisted of corrective measuresto
mitigatethenegative effectswhich gppeared after phases
1and 2.

During phase (1), thewater quality and eutrophi-
cation parametersreflect oligotrophic conditionsaong
theareaof study. The coastal processes during phase
(2) weredonewithout preliminary impact assessment
and lead to negative environmentd effects. Semiclosed
artificial lagoonswere established and agreentidewas
formedfor thefirst timea ong theselagoonsdueto their
shallownessand theincreasein nutrient concentrations.

Inaddition, severd potentialy harmful speciesbe-
camedominant inthearea, leadingto economica losses
totheinternd tourism.

Therate of water exchangewith the open seaisthe
ma or factor affecting the dengty of theharmful blooms
intheselagoons. Improving thewater quaity, minimiz-
ing theimpact of harmful bloomsand erosion werethe
main goa sof phase(3). All devated breskweters, dong
sations(1), (2) and (3) became submerged to increase
thewater exchangewith the offshorewaters.

Although this phase showed aremarkable decrease
both in nutrient concentrati onsand phytoplankton abun-
dance, someharmful speciesremain well establishedin
thearea. Thisisatypical case showing theimpactsof
coastal modificationsin the absence of well informed
environmental assessment, involvingthebiologica ef-
fectsof partial stagnation.
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Inthis particular case, successful corrective mea-
suresweretaken to mitigate theseimpacts. The mea-
surestakenimproved water exchange with the open
seq, putting anend to the effects of partid stagnation of
coastd lagoons.
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