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ARTICLE INFO ABSTRACT

Avrticle History: An ecological study of seaweeds was carried out bimonthly from
Received: Dec. 19, 2024  April 2015 until June 2016 at five sites located along the Eastern Coast of
Accepted: Jan. 29, 2025  Alexandria, Egypt (Mediterranean Sea) by examining the conspicuous
Online: Feb. 12, 2025 seaweed community structure and function using percentage cover in addition
to the physical and chemical variables of their habitats. This study focused on
the newly introduced Phyllymenia gibbesii and its distribution for the first
time. A total of 18 seaweed species were identified, which is among them, the
opportunistic Ulva lactuca recorded the highest average percentage cover
(35.26-80.22%). Phyllymenia gibbesii appeared twice during the study
period, with a very low total average cover (0.63%), contributing very little
to the main bulk at the time of sampling, thus it cannot be considered as an
invasive species. Principal Component Analysis demonstrated that the
percentage cover of the algal assemblage was influenced to different degrees
by the physical and chemical variables of the ambient seawater. The
ecological status of the five sites revealed that they fall between bad and
moderate, while the dominance of the opportunistic species and the high load
of nutrients in the study area reflected signs of pollution.
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INTRODUCTION

Seaweeds play a significant role in aquatic and global ecosystems (Filbee-Dexter &
Wernberg, 2018; Duffy et al., 2019). According to the Water Framework Directive (WFD
2000/60/ EC), macroalgae are one of the biological quality elements used for evaluating the
ecological quality status of a water body. They are valuable indicators of water quality since
they respond to changes in nutrient concentrations and hydrographic conditions (Orfanidis
et al., 2021). Notably, coastal areas are the most subjected to intensive human activities such
as tourism, agricultural drainage, industrial effluents, and particularly domestic sewage,
causing deterioration in water quality (Zheng & Liu, 2021). All these activities affect the

Indexed in (SCOPUS \1 LSEVIER “Ucar
AR


mailto:nihalshamseldin@yahoo.com
https://www.frontiersin.org/articles/10.3389/fmars.2022.909927/full#B49
https://www.frontiersin.org/articles/10.3389/fmars.2022.909927/full#B49

1966
Shams EI-Din et al., 2025

structure and function of macroalgal communities on rocky shores, with drastic changes in
seaweed diversity in many regions worldwide (de Faveri et al., 2015; Kostamo et al.,
2019). Climate change is another consequence of human activities, resulting in several
adverse impacts on marine ecosystems, including being threatened by a number of invasive
species (SCBD, 2009). A significant question being asked right now is how invasive species
will affect native species in their habitats. Consequently, studies of the algal flora are
necessary to acquire the distributional data concerning each species, either considering them
as native or alien and to provide ecological information on local communities in response to
environmental conditions (D’Archino & Piazzi, 2021).

In Egypt, the Mediterranean coastal areas suffer from deterioration in water quality,
with several hot spot zones being identified (Dorgham, 2011). This is because of the large
amounts of wastewater received each year, which are discharged bearing different kinds of
contaminants in addition to nitrogenous and phosphorous chemicals, leading to a high level
of pollution and/or eutrophication. Consequently, the entire coastal biota was impacted by
these unfavorable conditions (Dorgham, 2011).

The Egyptian Mediterranean coast was previously highly diversified in seaweeds
(244 species) (Aleem, 1993). Since 1993, very few studies were carried out on seaweed
diversity and the ecological conditions of their habitats (Labib et al., 2015; EI-Dahhar et
al., 2017; Khalil et al., 2020). These studies highlighted the decrease in seaweed diversity
and the drastic change in seaweed communities, coupled with the degradation of the water
quality at many sites at the coast. On the other hand, there are rare studies concerning alien
species or the newly recorded ones in the Egyptian Mediterranean Sea (Garreta et al.,
2001; Madkour & EI-Shoubaky, 2007; El-Shoubaky, 2013). A recent study by
Rodriguez-Prieto et al. (2021) revealed the presence of the newly introduced species
Grateloupia gibbesii Harvey, which was previously misidentified as Grateloupia
doryphora (Shafik & Taha, 2008; Shams EI-Din & Aboul-Ela, 2017). The species was
originated from South Carolina (Rodriguez-Prieto et al., 2021) and is currently regarded
as Phyllymenia gibbesii (Rodriguez-Prieto et al., 2022).

This study investigated the distribution of the conspicuous seaweeds along the
Eastern Coast of Alexandria to track the changes that might take place in the macroalgal
assemblages in response to changes in the physical and chemical variables of their
surrounding water. The study aimed to gather reliable information that could be
incorporated into monitoring strategies and future plans for sustainable management. In
addition, the study focused, for the first time, on the distribution of the alien red alga P.
gibbesii.

MATERIALS AND METHODS
1. Study area



An Ecological Study of Seaweeds Along the Eastern Coast of Alexandria, Egypt,
Mediterranean Sea, with Emphasis on the Newly Recorded Alga Phyllymenia gibbesii

Algal and water samples were collected bimonthly from April 2015 until June 2016
from five different sites across the coast of Alexandria, Egypt (Mediterranean Sea),
representing different environmental conditions. The chosen sites were as follows: Abu-
Qir, Miami, El-Saraya, Gleem, and Eastern Harbor (Fig. 1).
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Fig. 1. Alexandria coast line map showing the locations of the five sites

Abu-Qir Bay (Site 1) is a heavily polluted part of the Egyptian Mediterranean, as it
suffers from numerous pollution sources (Waheed et al., 2013). It is subject to freshwater
discharge loaded with industrial and domestic wastes, and oil pollution (Shams ElI-Din &
Dorgham, 2007), as well as nutrients (Shreadah et al., 2019).

Miami (Site 2) is a sandy-rocky shore with shallow depths dedicated to tourism
activity. El-Saraya (Site 3) is entirely composed of artificial concrete rocks, and it is subject
to human activities and environmental pressures (Ismael, 2014).

Gleem (Site 4) is a sandy-rocky shore consisting of outcrops of rocky islets aligned parallel
to the shoreline acting as natural wave breakers (Iskander, 2016). This site is subject to
nutrient enrichment (Nabih, 1989).

The Eastern Harbor (Site 5) is considered a eutrophic area (Halim et al., 1980;
Madkour & EI-Shoubaky, 2007), recording high algal blooms associated with fish
mortality due to excessively high nutrients (Ismael & Halim, 2007; Ismael, 2012).

2. Collection of water samples
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Water samples were collected from the same sites and at the same depth (0.5-1.0m)
as the seaweeds. The samples were collected in 1-liter plastic bottles to determine all the
studied parameters. Temperature, pH, and salinity of seawater were measured in situ by the
Hydrolab (Crison model MM+40). Dissolved oxygen (DO) was measured according to
Winkler’s method as modified by Strickland and Parsons (1968). Ammonium (NH4-N)
was determined according to the Intergovernmental Oceanographic Commission (10C,
1983). Nitrate (NOs-N) and nitrite (NO2-N) were determined according to Strickland and
Parsons (1968). Reactive soluble phosphate (PO4-P) was measured according to Murphy
and Riley (1962) as modified by Grasshoff et al. (1983). Silicate (SiO4-Si) was assessed
according to Grasshoff (1964). AIll of these nutrients were estimated
spectrophotometrically by using a T60 UV/VIS spectrophotometer. Three replicates for
each nutrient sample were prepared for measurement. The values of all nutrients were
expressed as pM.

3. Collection of seaweeds
3.1. Qualitative sampling

Specimens of conspicuous seaweeds were hand-collected whole from the substrata
to which they were adhering. The samples were washed with seawater at the sampling site
to remove adhered sediments and impurities, and were put in polyethylene bags in an ice
box for further identification. In the laboratory, quick rinsing of the algae with tap water
was carried out on the same day to eliminate the remaining impurities and epiphytes.
Samples were preserved in 4% formalin-seawater and/or pressed for herbarium specimen
sheets. The algae were identified by morphological traits using identification guides and
keys for identification according to Riedel (1970), Aleem (1993), and Cabioch et al.
(2014). The identification of Grateloupia gibbesii was undertaken according to
Rodriguez-Prieto et al. (2021). The taxonomic position of G. gibbesii was updated to
Phyllymenia gibbesii according to Rodriguez-Prieto et al. (2022). In addition, the other
recorded macroalgal species were updated according to the taxonomic database
(www.algaebase.com) created by Guiry and Guiry (2024).

3.2. Quantitative sampling

Non-destructive samples investigating the percentage cover of seaweeds, using ten
replicate quadrats with an area of 0.25m?, were randomly taken from the littoral zone of
each site from 0.5 to 1.0m under the water surface. Thus, the value of the percentage
cover is the average of 10 replicas. Seaweed percentage cover for each subdivision in each
quadrat was estimated in the field according to Litter and Litter (1985).

The ecological evaluation index (EEI) designed by Orfanidis et al. (2001) was
applied in the current study using the percentage cover of the conspicuous algae to estimate
the ecological status of the five sites located along Alexandria’s coastline. The EEI
quantifies shifts in the marine ecosystem structure and function, evaluated by classifying
the recorded seaweeds in two Ecological State Groups | & 1l (ESGs I, I1). These groups
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represent pristine and degraded ecological states, respectively. According to the
classification adopted by Orfanidis et al. (2001), ESG | includes seaweed species
with thick or calcareous thalli, low growth rates, and long-life cycles, whereas ESG Il
includes sheet-like and filamentous seaweed species with high growth rates and short life
cycles (opportunistic).
4. Multivariate analysis

The box plot graphs show the spatial and temporal variation of the physical and
chemical variables as well as variation of percentage cover of the two dominant macroalgae
using Minitab (Versionl14) software, while a two-way ANOVA showed the statistical
significance of these variations using Minitab (Version1l4) software. The two-way
ANOVA was applied on three replicates only for the chemical variables. Principal
Component Analysis (PCA), on the other hand, was conducted between the percentage
cover of the algal assemblages and the physical and chemical variables using Minitab-14
in order to find out the effect of these variables on the algal species.

3. RESULTS

1. Water quality

In the current study, the results of the two-way ANOVA showed that temperature
differed significantly between months (F=386.44, P< 0.05) and among the five sites (F=
10.15, P< 0.05). Temperature values ranged from a minimum of 15.5°C during February
2016 to a maximum of 32°C during August 2015 (Fig. 2A). For pH values, they were
mostly alkaline ranging from 7.63 at Site 1 to 9.06 at Site 4 (Fig. 2B). The two-way
ANOVA showed that there was no significant difference between sites or between months
(Fig. 2B). Water salinity varied between 33 at Site 1 and 37.7 at Site 4, showing only
significant monthly variation during the course of the study (F= 20.76, P< 0.05; Fig. 2C).
The levels of dissolved oxygen (DO) showed that the study area could be considered well
ventilated, except for the values recorded at Sites 2 and 5 (2.70 and 2.80 mgOal?,
respectively; Fig.2D). The two-way ANOVA assessed that the variability was significantly
different only between sites (F=2.80, P< 0.05; Fig. 2D). Ammonium concentrations were
maximal at 9.17uM during June 2015 and at a minimum of 1.02uM during December 2015
and February 2016 (Fig. 2E). Noticeably, Site 5 showed the highest ammonium median
(4.24uM) (Fig. 2E). The ANOVA results showed that ammonium concentrations differed
significantly between months (F= 267.75, P< 0.05) and among the five sites (F=293.32,
P< 0.05; Fig. 2E). In general, nitrate concentrations were high during the study period
(1.15-23.51pM) (Fig. 2F) and differed significantly between months (F= 182, P<0.05) and
among the five sites (F= 38.98, P< 0.05; Fig. 2F). The nitrite concentrations were at their
lowest (0.20uM) during August 2015 and at the highest value (4.73uM) during December
2015 (Fig. 2G). The ANOVA results showed that nitrite concentrations differed
significantly between months (48.31, P<0.05) and among the five sites (F=10.95, P<0.05;
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Fig. 2G). The concentrations of phosphate were at their highest values at Site 5 during June
2016 (4.61uM), and their lowest at Site 3 during April 2015 (0.12uM; Fig. 2H). The
ANOVA results showed that phosphate concentrations differed significantly temporally
(F=569.64, P<0.05; Fig.2H) and spatially (F= 175.15, P<0.05; Fig. 2H). There were great
temporal variations in silicate values from 0.12uM during February 2016 to 18.50uM
during December 2015 (Fig. 2I). Site 1 exhibited more variations (0.51 -18.50M) than the
other sites. The temporal and spatial variations were confirmed by ANOVA test (F=42.63,

P<0.05 and F= 22.06, P< 0.05; Fig. 2I), respectively.

32.5

a
d b ]
30.0 e 30.0 b . b
- o 275
g s % B E| El
£ 250 5 250
£ £ 2.5
‘g 22.5 ET ) d d él
E 200 £ 20,0 E B
17.5
17.5 &
15.0
15.0 N O
Site 1 Site 2 Site 3 Site 4 Site § ?&q. > ?&i. s
Sites Months
R o 9.25
a a
0.00 9.00
75 . 875] a a a
8.50 | z 250 a a  a E a
- & a =
Z oas a 8.25 = lil
- E 8.00
8.00 —
7.75 7501 ‘ , , ‘ ‘ ‘ ‘
- . : . . 6 A &
750 ‘ . ‘ . | \_?’“\ R R “?’“\ \_-@\ J’“\
Site 1 Site 2 Site 3 Site 4 Site 5 = =
Sites Months
@38 38 2
a a a a 1 1
37 a a 37 D E E
c b
36 B
36 £
= @ 35 d e
2 35
@
34 -
34
33
Y
3 W g . S
‘ . . . . i o e
Site 1 Site 2 Site 3 Site 4 Site § ?'Q 4 ?'Q 3
Sites Months




An Ecological Study of Seaweeds Along the Eastern Coast of Alexandria, Egypt,
Mediterranean Sea, with Emphasis on the Newly Recorded Alga Phyllymenia gibbesii

)

a 8 a
)
% 7 £ 7 a
£ ¢ g 6/ I a
g d = .
B e g s . a
" = a
s 5 Y
3 s’ I o
= 5
: a3
Y 2l . : . : :
) . . . o o o o
& & S & & x S x
2 MR A R A .
& & &
Site 1 Site 2 Site 3 Site 4 Site § w® < ®
Sites Months
E a
o i
81 8
= 74 ;
E =3
= 64 g b % 6 b d ¥ a
g 1 ¢ f h £ s be
s 4 l%l e E 4 c
HEL ﬁ é £ E
21 2
2
1_
1
0 0
o) . @ X . o o o T T T T .
RO RS AR L . Sitel  Site2  Site3  Sited  Sites
L Months A s R Sites
25
F ) . :
20
20 d ﬁ b
= £ 15 d
= 15 e e c
= = f
2 £ 10 .
£ 10 = F g
z 5 h *
5 =
- . . . . o o o
Ay ey s X 3
0 \.'}%\ P ?,\w- Qo oe \o:"%\ \.’}“\ w,@\
Site 1 Site 2 Site 3 Site 4 Site 5 »o <@ .
Sites Months
G s b 5 )
4 #*
4
= *
a = 3! b
= 2
Z 3 € = d c
= d C E 2 % e
£ z # *
£ g
z 2 1 |%| Q
1 0 . . . ; ; . .
- . . . . o o o
N @ < 5% W N o
\_,}Q 4 S v:& \_:@ w,@
0 S 2 W 4
Site 1 Site 2 Site 3 Site 4 Site & Months




1972
Shams EI-Din et al., 2025

S

a
b
E Z
23 3
: F
E =
Bl e £
H =
£ E
1 d e I B f
* =
0 T T T T
B . : 6 6 6
T T T T T o e & o - 3 X
Site 1 Site 2 Site 3 Site 4 Site § o ?»‘“ ot .0'}“ N
Sites » SRR

Months

ﬁa“hm

. 6 a6
0 ey o ,0“,“\ A o

o | X <+
S:te 1 S:te 2 Slte 3 Slte 4 Slte » « » S
Sites Months

n
—
en

-

=
—
=

Silicate {(uM)

n

Silicate (uM)

en

=

Fig. 2. The spatial and temporal variations of the physico-chemical parameters in the five
sites along the Eastern Coast of Alexandria during (2015-2016). Different letters indicate
significant differences, while similar letters indicate no significance (P<0.05).

2. Characteristics of seaweed communities
2.1. Macroalgal structure

A total of 18 macroalgal taxa were collected and identified from the five sites along
the Alexandrian Eastern Coast from April 2015—until June 2016. The collected seaweeds
belong to three phyla: Chlorophyta (6 taxa), Rhodophyta (9 taxa), and Ochrophyta (3 taxa).
However, 4 taxa represented the pristine (ESC, 1), while 14 taxa represented the degraded
ecological status class (ESC, 1) (Orfanidis et al., 2001 & 2003) (Table 1). All the sites
experienced low diversity, with one species at Sites 3, 4, and 5, while a maximum of 10
taxa was recorded at Site 4 during June 2015 (Table 2). In fact, the number of seaweed taxa
showed both marked temporal (F=7.67, P<0.05) and spatial variations (F= 4.96, P<0.05).
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Table 1. The recorded seaweed taxa, with their mean percentage cover at each site and
their Ecological State Groups (ESG | &I1) during 2015- 2016

Cover %

Taxa Sitel Site?2 Site 3 Site Site 5
4

ESGI

Phylum: Rhodophyta

Class: Florideophyceae

Order: Corallinales

Family: Corallinaceae

Ellisolandia elongata (J. Ellis &Solander) 1956 2.88 343 569 15.24
K.R. Hind & G.W. Saunders.

Corallina officinalis Linnaeus 14.85 3440 6.86 46.88 44.18

Jania rubens (Linnaeus) J.V. lamouroux 485 495 O 2.17 0.01

Phylum: Ochrophyta

Class: Phaeophyceae

Order: Dictyotales

Family: Dictyotaceae

Padina pavonica (Linnaeus) Thivy 009 O 0 0 0

ESGII

Phylum: Chlorophyta

Class: Ulvophyceae

I-Order: Bryopsidales

Family: Bryopsidaceae

Bryopsis sp. 0 173 0 0.12 0.10

Family: Caulerpaceae

Caulerpa racemosa (Forsskal) J. Agardh 069 O 0 0 0

Family: Codiaceae

Codium vermilara (Olivi) DelleChiaje 0 039 O 0 0

I1- Order: Cladophorales

Family: Caldophoraceae

o
o
o
o

Chaetomorpha linum(O.F. Miller) Kiitzing 0.08

I11-Order: Ulvales

Family: Ulvaceae

Ulva intestinalis Linnaeus 1552 1424 5.12 2.90 0.16

Ulva lactuca Linnaeus 39.21 38.60 80.22 35.26 36.27

Phylum: Rhodophyta

Class: Florideophyceae

I- Order: Ceramiales
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Family: Ceramiaceae

Ceramium ciliatum (J. Ellis) Ducluzeau 034 0 0 026 0
Ceramium diaphanum (Lightfoot) Roth 0 0 0 1.29 0.26
Family: Rhodomelaceae

Osmundea pinnatifida (Hudson) Stackhouse 043 O 0 022 0

I1- Order: Gelidiales

Family: Gelidiaceae

Gelidium sp. 0 0 0 0 0.15
Family: Pterocladiaceae
Pterocladiella capillacea (S.G. Gmelin) 037 242 0 410 0.56

Santelices & Hommers

I11- Order: Halymeniales

Family: Halymeniaceae

Phyllymenia gibbesii (Harvey) ShoweM.Lin, 0 0 0 0.13  3.00
Rodriguez-Prieto, De Clerck & Guiry.

Phylum: Ochrophyta

Class: Phaeophyceae

Order: Ectocarpales

Family: Scytosiphonaceae

Colpomenia sinuosa (Mertens ex Roth) Derbes 391 0 4.37 0 0
&Solier
Petalonia fascia (O.F. Miiller) Kuntze 019 040 O 099 O

2.2. Macroalgal abundance

In the present study, the opportunistic species Ulva lactuca had a high cover
percentage at all sites (Fig. 3A), overwhelming at Site 3 (100%) during August 2015,
December 2015, February 2016, and April 2016 (Table 2). Furthermore, the species
recorded the highest average percentage cover (35.26-80.22%) (Table 1). The ANOVA
results showed that there is only a significant spatial variation (F= 3.68, P<0.05) (Fig. 3A).
The second dominant species was Corallina officinalis recording an average percentage
cover (6.86-46.88%), followed by Ellisolandia elongata (2.88-19.56%) (Table 1). The
percentage cover of C. officinalis showed the maximum (100%) at Site 5 during October
2015 and December 2015, while it attained only a 0.61% cover during April 2016 (Table
2). The ANOVA results revealed that there were significant temporal (F= 2.71, P< 0.05)
and spatial significant differences (F= 3.85, P<0.05; Fig. 3B). On the other hand, there are
five occasional species that appeared once during the study period, Chaetomorpha linum,
Caulerpa racemosa, Codium vermilara,Gelidium sp. and Padina pavonica (Table 2).
Noticeably, the newly recorded species P. gibbesii appeared twice during the study period
and experienced relatively low percentage cover, where it recorded a 23.29% at Site 5
during April 2015, 1.04 and 0.68% at Sites 4 and 5 during June 2015, respectively (Table


http://www.algaebase.org/browse/taxonomy/?id=5169
https://www.algaebase.org/search/species/detail/?species_id=182741
https://www.algaebase.org/search/species/detail/?species_id=182741

An Ecological Study of Seaweeds Along the Eastern Coast of Alexandria, Egypt,
Mediterranean Sea, with Emphasis on the Newly Recorded Alga Phyllymenia gibbesii

2). Thus, the species contributed to the main algal bulk with very low average percentage
cover (0.63%).

Table 2. Number of seaweed taxa and their cover percentage at the five sites during
2015- 2016

Taxa/ Site Site 1 Site 2 Site 3 Site 4 Site 5

Apr-15

Ulva intestinalis 1085  6.69 1.38 1.12 1.36

37.29 66.24 63.57 26.7 47.55
14.99 14.01 27.47 34.61 6.83

Ulva lactuca

Corallina officinalis

Ellisolandiae longata

17.41 6.53 20.02 19.76
Gelidium sp. 1.16
Jania rubens 11.54 2.23 9.64 0.05
Pterocladiella capillacea 0.86 1.12
Phyllymenia gibbesii 23.29
Colpomenia sinuosa 5.51 7.58
Petalonia fascia 155 3.18 7.91
No. of taxa 8 7 4 6 !
Jun-15
Bryopsis sp. 8.24 0.99 0.8
Caulerpa racemosa 551
Codium vermilara 3.09

Ulva intestinalis 0.73 6.7 25.16

22.52 76.30 74.84 49.8 56.34

Ulva lactuca

Ceramium cilliatum

2.08
Ceramium diaphanum 10.3 205
Corallina officinalis 711 15 6.34 1.02
Ellisolandia elongata
! 13 ¢1ong 3377 15 871 3911
Jania rubens 9.58 1.16 7.72
Osmundea pinnatifida
1.73
Pterocladiella capillacea 1.6 15 11.29
Phyllymenia gibbesii 1.04 0.68

Colpomenia sinuosa 18.43

Padina pavonica 0.76
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No. of taxa 9 8 2 10 6
Aug-15
Bryopsis sp. 563
Ulva intestinalis 24.9 65.04 2.1
Ulva lactuca 519  28.03 100 g737 4244
Ceramium cilliata 27
Corallina officinalis 0.8 1.3 9.15 44.79
Ellisolandia elongata 138 138 10.22
Jania rubens 20
Osmundea pinnatifida 3.4

Table 2. Continued
Taxa/ Site Site 1 Site 2 Site 3 Site 4 Site 5
Pterocladiella capillacea 0.5 2.55
No. of taxa 8 4 1 4 4
Oct-15
Ulva intestinalis 57.35 14.46 20.00
Ulva lactuca 42.65 57.35 85.54 33.33
Corallina officinalis 12.09 46.67 100
Jania rubens 16.6
Pterocladiella capillacea 13.96
No. of taxa 2 4 2 3 1
Dec-15
Ulva intestinalis 17.1
Ulva lactuca 9.8 100
Corallina officinalis 47.4 63.3 100 100
Ellisolandia elongate 27.1
Jania rubens 15.7 19.6
No. of taxa 4 3 1 1 1
Feb-16
Ulva intestinalis 21.01
Ulva lactuca 3.5 38.5 100 12.9 59.20
Corallina officinalis 47.86 61.5 87.1 34.70
Ellisolandia elongate 27.63 6.10
No. of taxa 4 2 1 2 3
Apr-16
Chaetomorpha linum 0.63
Ulva intestinalis 3.36
Ulva lactuca 62.64 0.53 100 6.59 58.56
Corallina officinalis 0.61 96.11 56.5 17.31
Ellisolandia elongate 36.75 15.41 23.5
Pterocladiella capillacea 21.5
No. of taxa 3 3 1 4 4
Jun-16
Ulva intestinalis 9.26 15
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Ulva lactuca 83.37 41.82 17.8 65.3 26.11
Corallina officinalis 25.38 27.4 34.7 48.79
Ellisolandia elongate 15.0 27.4 23.19
Pterocladiella capillacea 2.8 1.91
Colpomenia sinuosa 7.37 27.4

No. of taxa 3 5 4 2 4
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Fig. 3. The spatial and temporal variations of the two-dominant species (Ulva lactuca and
Corallina officinalis) in the five sites along the Eastern Coast of Alexandria during (2015-

2016). Different letters indicate significant differences, while similar letters indicate no
significance (P<0.05).

Using the numerical scoring system for the evaluation of the ecological status of
transitional and coastal waters adopted by Orfanidis et al. (2001), Site 3 can be classified
as having a bad ecological status, followed by Site 1, which showed a low status. Then,
Sites (2, 4 and 5) displayed a moderate status (Table 3).
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Table 3. Ecological evaluation of the five sites along the coast of Alexandria during

2015-2016

Site Month ESG | ESG Il Ecological status category

Site 1 Apr-15 43.94 56.06 Moderate
Jun-15 51.21 48.79 Moderate
Aug-15 16.60 83.40 Bad
Oct-15 0 100 Bad
Dec-15 90.2 9.8 High
Feb-16 75.49 24,51 High
Apr-16 37.36 62.64 Low
Jun-16 0 100 Bad
Mean 39.35 60.65 Low=4

Site 2 Apr-15 22.77 77.23 Bad
Jun-15 4,16 95.84 Bad
Aug-15 1.30 98.70 Bad
Oct-15 28.66 71.31 Bad
Dec-15 82.90 17.10 High
Feb-16 61.50 38.50 Good
Apr-16 96.11 3.89 High
Jun-16 40.38 59.62 Moderate
Mean 42.22 57.78 Moderate= 6

Site 3 Apr-15 27.47 72.53 Bad
Jun-15 0.00 100 Bad
Aug-15 0.00 100 Bad
Oct-15 0.00 100 Bad
Dec-15 0.00 100 Bad
Feb-16 0.00 100 Bad
Apr-16 0.00 100 Bad
Jun-16 54.80 45.20 Moderate
Mean 10.28 89.72 Bad =2

Site 4 Apr-15 64.27 35.73 Good
Jun-15 22.77 77.23 Bad
Aug-15 10.53 89.47 Bad
Oct-15 46.67 53.33 Moderate
Dec-15 100 0.00 High
Feb-16 87.10 12.90 High
Apr-16 71.91 28.09 High
Jun-16 34.70 65.30 Bad
Mean 54.74 45.26 Moderate = 6

Site 5 Apr-15 26.64 73.36 Bad
Jun-15 40.13 59.87 Moderate
Aug-15 55.01 44.99 Moderate
Oct-15 0.00 100 Bad
Dec-15 100 0.00 High
Feb-16 40.80 59.20 Moderate
Apr-16 40.81 59.19 Moderate
Jun-16 71.98 28.02 High
Mean 46.92 53.08 Moderate = 6
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3. Multivariate analysis

Principal Components Analysis (PCA) was performed between the percentage
cover of the algal assemblage and the physical and chemical variables of the seawater (Fig.
4). The results revealed three algal categories: the first category included: Bryopsis sp.,
Chaetomorpha linum, Codium vermilara, Ulva lactuca, U. intestinalis, Ceramium
ciliatum, C. diaphanum, Osmundea pinnatifida and Pterocladiella capillacea, the second
category included: Corallina officinalis, Jania rubens, and Petalonia fascia, and the last
category included: Caulerpa racemosa, Gelidium sp., Ellisolandia elongata, Phyllymenia
gibbesii, Colpomenia sinuosa, and Padina pavonica, which were influenced in different
degrees by the physical and chemical variables (Fig. 4).

0.4 -
0.3 C.ciliatum
Oplnfl'létlflilda ryopsis gpu-in[EStinglci)S4

= T .
S 0.2 Ulactuca pH NO3
g 0.1 C.diaphanu
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04 03 -02 -01 00 01 02 03 04
First Component

Fig. 4. Principle Component Analysis (PCA) between the percentage cover of the algal
species and the physical and chemical variables along the Eastern Coast of Alexandria
during 2015-2016

DISCUSSION

1. Water quality

Most ecological studies of seaweeds have emphasized that the amount and type of
suitable substrata (Kautsky & Van der Maarel, 1990), turbidity (Balata et al., 2007),
nutrient supply (Harley et al., 2012), and bed stability, all play a significant role in algal
growth. For instance, temperature has a significant impact on the nutrients transported to
the surface water affecting the metabolism of marine algae photosynthesis, reproduction,
and growth (Barber & Chavez, 1983). Salinity is also known to affect macroalgal growth,
and a shift in salinity may influence macroalgal compositions (Larsen & Sand-Jensen
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2006). However, temperature has increased about five degrees in the last few decades along
the coast of Alexandria. Many studies have documented this rise (from 25- to 30°C) and its
effects on seaweed communities (Nasr & Aleem, 1948; Negm, 1976; Nabih, 1989;
Soliman, 1997; Khalil et al., 2020). In the present study, temperature reached a maximum
value of 32.00°C, while salinity reached a maximum value of 37.70, which is lower than
the typical values of the Mediterranean Sea and those of the previous studies (39, 39.04,
38.71) (Nasr & Aleem, 1948; Nabih, 1989; Khalil et al., 2020), respectively, affecting
seaweed biodiversity and species composition. The first dominant species was the
opportunistic species Ulva lactuca, which was also listed among eurythermal and
euryhaline species and among dominant species in the aforementioned studies. Principle
Component Analysis (PCA) revealed that percentage cover of U. lactuca was positively
influenced by temperature, NHs-N, and salinity, while the second dominant species,
Corallina officinalis was sensitive to these three parameters. Dissolved oxygen (DO) is
considered one of the most useful parameters for estimating the degree of pollution, which
affects marine life through oxygen reduction or depletion, influencing the growth of marine
flora (Shaltout & Abd-EI-Khalek, 2014). In the present study, the concentration of DO
ranged from 2.7- 8.2mg O2 I, whereas all nutrients experienced high concentrations
spatially and temporally, with the values of ammonium ranging from 1.02- 9.17uM and
nitrate 1.15-23.51uM, exceeding the values adopted by Vucak and Stirn (1982) for
eutrophic areas (> 2.0uM for NH4-N and > 4.0uM for NOs-N). Accordingly, and despite
the fact that the five sites studied are well-oxygenated, they can be classified as polluted
due to the high loads of nutrients.

2. Characteristics of seaweeds communities
2.1. Macroalgal structure

The results showed that the five sites were low diversified, and the number of
recorded taxa (18 taxa) diminished dramatically compared with the previous study of
Aleem (1993) (244 species) along Alexandria’s coastline. Khalil (1987) recorded in Abu-
Qir 76 species, against only 16 species recorded later by Khalil et al. (2020), who attributed
the decline in algal biodiversity to several factors such as temperature, light intensity,
salinity, and nutrients of ambient water. Similarly, Labib et al. (2015) reported a low
number of species at Abu Qir (25 species), while El-Dahhar et al. (2017) recorded 17
species in the East Harbor site. In the present study, such low diversity may be attributed
to the continuity of the destruction of the natural reefs due to tourism and other
anthropogenic activities.
2.2. Macroalgal abundance

Comparing the five sites, Site 4 was the most diversified site (10 taxa) against the
lowest diversified one (Site 3). This is attributed to this site being made of artificial concrete
rocks, which act as a limiting factor for the survival of many algal species. The difference
between the site’s levels of diversity was confirmed by the two-way ANOVA test.
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The green alga Ulva lactuca was the dominant species at the five sites (35.26-
80.22%), followed by Corallina officinalis and Ellisolandia elongate. Boderskov and
Krause-Jensen (2022) considered the species of the genera Enteromorpha, Ulva,
Chaetomorpha, and Cladophora among the opportunistic species, in addition to being
classified as the group representing degraded ecological status (ESGI) (Orfanidis et al.,
2001, 2003). Such opportunistic species can outcompete other seaweeds (Pihl et al., 1999)
since they are able to tolerate harsh environmental conditions (Messyasz, 2011), and are at
the same time characterized by high rates of nutrient uptake (Boderskov & Krause-
Jensen, 2022). Therefore, they are reliable indicators of polluted and/or eutrophicated areas
(Haegslund et al., 2022), and they reflect pollution levels at the five sites of the study area.
However, the bloom of U. lactuca caused the regression of C. officinalis and E. elongate
(ESGI) in the second order in the community structure, although the main feature of the
intertidal rock surfaces is a dense carpet-like turfs dominated by corallinates (Stewart,
1989). This regression was confirmed by PCA, where the percentage cover of C. officinalis
was inversely correlated with U. lactuca.

In fact, the occasional species: Chaetomorpha linum, Caulerpa racemosa, Codium
vermilara, and Gelidium sp., have a meager contribution to the community structure.
Moreover, the three phaeophytes Colpomenia sinuosa, Padina pavonica, and Petalonia
fascia recorded a very low percentage cover, indicating that the study area suffers from
pollution as reported previously by Mannino and Sara (2007). This was confirmed by our
PCA results, which showed a negative influence of nutrients on these species.

The newly recorded red alga, Phyllymenia gibbesii appeared only during April 2015
at (Site 5) and during June 2015 at Sites (4 and 5), contributing a very low percentage
(0.63%) to algal bulk, and so far, it cannot be considered as an invasive species, just an
introduced one. In the current study, the species was recorded at a temperature of 21 and
28.5°C. Our results are consistent with the findings of Shams EI-Din & Aboul-Ela (2017)
and Rodriguez-Prieto et al. (2021). This was also confirmed by our PCA results, revealing
that the percentage cover of the alga was positively influenced by temperature, salinity and
NHa. According to de la Hoz et al. (2018), shifts in temperature over the previous 50 years
were a significant factor in the arrival and settlement of hundreds of alien species in the
Mediterranean basin.

By applying the Ecological Evaluating Index (EEI) adopted by Orfanidis et al.
(2001), seaweed communities on the Eastern Coast of Alexandria suffer from pollution.

CONCLUSION

According to the percentage cover of the recorded conspicuous species and the
Ecological Evaluating Index (EEI), seaweed communities on the Eastern Coast of
Alexandria suffer from pollution. This was confirmed by the dominance of the
opportunistic alga Ulva lactuca and the low number of associated species. On the other
hand, the newly recorded alga Phyllymenia gibbesii contributed at a negligible rate to the
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main bulk and based on our data is considered an introduced species in the study area rather
than an invasive one. Thus, Alexandria’s coastline should be monitored periodically to
assess the real impact of P. gibbesii in time and space and to predict any potential effects
that may be caused by this alien alga on native species.
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