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Abstract. The present study was aimed to establish
whether effluent from two desalination plants at differ-
ent locations in Malta has an influence on biological
attributes of rocky shore assemblages, and if so to de-
termine the spatial extent of such influence, and whether
the magnitude and extent of effects differs between the
two plants. Samples of biota were collected from the
Lower Mediolittoral Zone (LMZ) and Upper Mediolit-
toral Zone (UMZ) using a 20×20 cm quadrat, and from
the Supralittoral Zone (SZ) using a 30 × 30 cm quad-
rat, at distances of 0 m, 15 m, 30 m, 80 m and 150 m
away from the effluent outfall on either side of it. The
collected biota were then sorted and identified in the
laboratory. The results indicated that the influence of
the desalination effluent on shore macroinvertebrate as-
semblages was localized at both study localities. Within
the LMZ and UMZ, the influence was most evident 15 m
away from the outfall, decreased beyond 30 m and was
almost negligible 150 m away. In the case of the SZ, the
influence was evident in the immediate vicinity of the
outfall. Differences in the magnitude of the effect of ef-
fluent between the two study localities were attributed
to the exposure of the shore to different flow regimes of
the effluent discharge.
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1 Introduction

Rapid global population growth, misuse of water re-
sources and the effects of climate change all contribute
to the issue of global water scarcity (Cisneros et al.,
2014). One way to circumvent this problem is desalina-
tion; the process by which input water from sources such
as seawater, brackish water, river water or wastewa-
ter is separated into two components: (i) water that
may be used for human consumption, industry, irriga-
tion for crop production, amongst others; and (ii) wa-
ter with a high concentration of salts (Desaldata, 2018
as cited by Jones et al., 2019). The hypersaline ef-
fluent is usually discharged back into the same body
of water (used as source) through an effluent outfall
(Khordagui, 2015). Seawater desalination is regarded
as a promising alternative to water extraction as it does
not rely on climate-based water sources, and therefore
does not exploit natural sources of freshwater. Addi-
tionally, the resultant freshwater output from the pro-
cess is of high quality and can be provided continuously
(Elimelech et al., 2011). Water treatment by Reverse
Osmosis (RO) is the most widely used desalination pro-
cess worldwide. The procedure increased in popularity
in the 1980s following gradual transition from use of
thermal technologies, namely Multi-Stage Flash (MSF)
and Multiple-Effect Distillation (MED), to membrane-
based ones (Jones et al., 2019).

Although desalination plants counteract water
scarcity, their operation may have negative impacts on
the environment. Desalination is an energy-intensive
process, which uses an average of 4.0kWh/m3; and most
plants are currently reliant on burning fossil fuels, thus
augmenting greenhouse gas emissions (Cooley et al.,
2013). The marine environment is susceptible to neg-
ative impacts of desalination where plants are located
in coastal areas, as it serves as the receiving body for
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the hypersaline discharge (Khordagui, 2015), which may
have a salinity that is twice that of the receiving water
(Tularam et al., 2007). In the absence of adequate mix-
ing, the high density gradient between seawater and hy-
persaline water causes the latter to sink to the seabed,
thus imposing hypersaline stress on benthic stenohaline
biota (Khordagui, 2015). For example, in the Mediter-
ranean, hypersaline effluent from RO desalination may
have an adverse impact on seagrass Posidonia oceanica
(Linnaeus) Delile habitat (Sanchez-Lizaso et al., 2008;
Sandoval-Gil et al., 2012). Low tolerance to hypersaline
stress has been shown in faunal groups such as poly-
chaetes and echinoderms. For example, Del-Pilar-Ruso
et al. (2008) noted that hypersaline effluent caused a
decrease in polychaete species richness, abundance and
diversity. Fernández-Torquemada et al. (2005) repor-
ted that hypersaline effluent caused the disappearance
of echinoderm populations in the vicinity of an efflu-
ent outfall. Although studies of the influence of hyper-
saline effluent from desalination operations on sublit-
toral benthic assemblages are available (e.g. Del-Pilar-
Ruso et al., 2008; Fernández-Torquemada et al., 2005;
Sanchez-Lizaso et al., 2008; Sandoval-Gil et al., 2012),
none appear to have been made to assess the influence of
such brine discharge on rocky shore biotic assemblages.

Hypersaline discharge may contain chemical addit-
ives that are required for pre- and post-treatment in
the plant equipment, and which may also have a neg-
ative impact on marine ecology (Tularam et al., 2007).
The chemical additives may include anti-scalants, co-
agulants, biocides, cleaning chemicals and nutrients.
The toxicity of some chemical additives such as anti-
scalants are considered minimal. However, other ad-
ditives such as heavy metals and nutrients may pose a
threat to marine ecosystems if discharged at high con-
centrations. Heavy metals such as copper, nickel, chro-
mium and molybdenum may accumulate in sediments
and algae and persist in the marine environment in the
vicinity of a desalination plant (Khordagui, 2015; Tu-
laram et al., 2007). Algae are effective bioaccumulators
of heavy metals, and high levels of these chemicals can
negatively influence the abundance, feeding and survival
rate of algal-associated fauna (Roberts et al., 2006). Nu-
trients such as nitrogen and iron, which are limited in
marine systems, can affect primary production as high
levels of these may result in eutrophication (RPS, 2009).

At present, desalination in Malta is carried out by
three large plants, all of which use RO technology: one
is located at Gh̄ar Lapsi on the southwestern coast and
two are located on the northeastern coast at Ċirkewwa
and Pembroke. The present study was aimed at estab-
lishing whether effluent from two desalination plants at
different locations in Malta has an influence on biological
attributes of shore assemblages, and if so the spatial ex-

Figure 1: Map of the Maltese Islands showing the locations
of the effluent outfall at Ċirkewwa and Pembroke

tent of such influence, and whether the magnitude and
extent of effects differs between the two plants.

2 Materials and Methods

2.1 Study sites

The study localities where the two desalination plants
are sited are Ċirkewwa and Pembroke (figure 1). In-
formation provided by the Water Services Corporation
(Ing D. Sacco, personal communication, 12th June 2020)
indicates that the desalination plant at Ċirkewwa has a
daily capacity of 8,400 m3 between October and June,
and increases to 11,600 m3 between July and Septem-
ber. The corresponding daily production of hypersaline
effluent is 12,600 m3 and 17,400 m3 respectively. The
desalination plant at Pembroke has a daily capacity
of 29,000 m3 between October and June, and increases
to 35,000 m3 between July and September. The cor-
responding daily production of hypersaline effluent is
43,500 m3 and 52,500 m3 respectively. At both desal-
ination plants, the chemical composition of the hyper-
saline effluent consists predominantly of chloride, so-
dium, magnesium, calcium, potassium, bicarbonate as
well as total dissolved solids. The pH of the effluent
is slightly acidic to neutral, ranging between 6.8 and
7.0. On average, the temperature of the effluent is
between 19◦C and 19.5◦C and peaks at 21◦C between
August and October. The hypersaline discharge at the
two desalination plants has a brine loading of around
70.2 g/L to 76 g/L. This means that over a 24 hour
period between October and June, some 884,520 to
957,600 kg and 3,053,700 to 3,306,000 kg of brine are
released to the marine environment at Ċirkewwa and
Pembroke, respectively. Over a 24 hour period between
July and September, some 1,221,480 to 1,322,400 kg and
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4 Influence of Desalination Plant Effluent on Shore Macroinvertebrate Assemblages

Figure 2: Map of the Ċirkewwa study area showing the loca-
tions of sampling stations and their respective distance (num-
ber in m) from the outfall. The location of the Ċirkewwa
Reverse Osmosis Treatment Plant is also shown

Figure 3: Map of the Pembroke study area showing the loca-
tions of sampling stations and their respective distance (num-
ber in m) from the outfall. The location of the Pembroke
Reverse Osmosis Treatment Plant is also shown

3,685,500 to 3,990,000 kg of brine are released to the
marine environment at Ċirkewwa and Pembroke, re-
spectively.

At each of these two localities, the effluent origin-
ates from a desalination plant located behind the rocky
shore. At both localities, the rocky shore faces north
and the substratum, which comprises Coralline Lime-
stone (Continental Shelf Department, 2016), is gently
sloping with an inclination of 12◦ to 15◦ (Borg Axisa
et al., 2013 as cited by Cassar et al., 2007).

2.2 Sample Collection and Processing

At each study area, sampling was carried out at stations
located in the vicinity of the outfall and at several dis-
tances from it, on either side (east and west); these were:
15 m, 30 m and 80 m east and 15 m, 30 m, 80 m and 150 m
west at Ċirkewwa, and 15 m, 30 m, 80 m and 150 m east
and 15 m, 30 m and 80 m west at Pembroke; see figures 2
and 3. At each study area, samples of benthic macro-

biota (fauna and flora) were taken from each sampling
station. Two replicate samples were taken from the
Lower Mediolittoral Zone (LMZ) and Upper Mediolit-
toral Zone (UMZ) using a 20 × 20 cm quadrat, and five
replicate samples were taken from the Supralittoral Zone
(SZ) using a 30× 30 cm quadrat. The collected samples
were preserved in 5% formal saline, and subsequently
sorted to separate the macrofauna from algal material.
The fauna were then identified to the lowest taxon pos-
sible; for the purpose of the present study all fauna were
grouped at the family level, while algae were identified
at least to the genus level. Following identification, the
algal samples were dried at 70◦C for 24 hours, following
which the species biomass was recorded to the nearest
1/1000 g using an electronic balance.

2.3 Data Analysis

Mean values of total macrofaunal abundance in each of
the three zones i.e. LMZ, UMZ and SZ, total number
of macrofaunal families, and total algal biomass within
the LMZ and UMZ, were used to show variation of these
attributes amongst sampling stations and between the
two study areas. Only two families were recorded from
the SZ.

The Similarity Percentages analysis (SIMPER) was
used to identify and select the three most important
macrofaunal families in terms of the highest contribu-
tion to dissimilarity between different sampling stations
at each of the two study areas. Bray–Curtis similarity
was calculated on square-root-transformed data. The
analysis was carried out using family abundance data
for the LMZ and UMZ.

To test for significant differences in biological attrib-
utes of the shore biotic assemblages between sampling
stations in the LMZ and UMZ at the two study areas,
univariate one-way PERMANOVA tests were carried
out on the data for number of macrofaunal families,
for Pielou’s evenness and Shannon-Wiener Diversity us-
ing the macrofaunal abundance, and for algal biomass.
One-way PERMANOVA tests were also carried out us-
ing data for abundance of taxa which SIMPER analysis
indicated as having the highest contribution to dissim-
ilarity amongst sampling stations. Euclidean distance
was used as a resemblance measure, alpha was set at
0.05, and the permutation number set to 9999. A mul-
tivariate one-way PERMANOVA was carried out using
data for family abundance from the LMZ and UMZ from
the two study areas. The data were square-root trans-
formed to downweigh the abundant families, and to ac-
count for the less abundant and rare families (Clarke
et al., 2001). The Bray-Curtis similarity measure was
used to construct the similarity matrix, alpha was set at
0.05, and the permutation number set to 9999. Due to
low values of possible permutations obtained for most
of the tests, for both univariate and multivariate one-
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way PERMANOVA, Monte Carlo tests were carried
out. In the event of a significant difference indicated
by the PERMANOVA, a pair-wise PERMANOVA test
was carried out to identify the source of significant dif-
ference for a given attribute between sampling stations.
A principal coordinate analysis (PCO) was carried out
to identify similarities or dissimilarities in the data in-
dicated by the PERMANOVA analyses (Anderson et al.,
2008).

All analyses were carried out using the PRIMER v7
software with PERMANOVA+ add-on.

3 Results

A total of 13,375 individuals belonging to 67 macro-
faunal families were recorded; of these, 2,601 individu-
als belonging to 42 families were recorded from the
Ċirkewwa study area, and 10,774 individuals belonging
to 63 families were recorded from the Pembroke study
area. A total of twelve species of algae, and two species
of cyanobacteria were recorded, which together had a
total biomass of 273.665 g.

The mean total macrofaunal abundance recorded
from each sampling station from all three zones was
higher at Pembroke than at Ċirkewwa for most (LMZ
and UMZ) or all (SZ) stations. Macrofaunal abundance
was low in one or both directions 15 m away from the
effluent outfall in the LMZ and UMZ (figure 4A and
B respectively) and nil at 0 m in the SZ (figure 4C) at
Pembroke. Overall, an increase in mean total number
of macrofaunal families recorded from the mediolittoral
zone (LMZ + UMZ) was evident between the 15 m sta-
tion and stations located further away from the effluent
outfall, at both study areas (figure 5A and B respect-
ively). Values of algal biomass were low, particularly at
Ċirkewwa; however, a peak in biomass was evident at
stations located at a distance of 30 m on either side of
the effluent outfall at Pembroke (figure 6).

Univariate one-way PERMANOVA for the LMZ at
Ċirkewwa indicated a significant difference [p < 0.05]
for evenness, which the pair-wise tests indicated to res-
ult from a difference in evenness between the station
located at 15 m and the station located at a distance
of 80 m from the outfall. At Pembroke, a significant
difference [p < 0.05] was indicated for number of macro-
faunal families, Pielou’s evenness and Shannon–Wiener
diversity. For number of macrofaunal families, the pair-
wise tests indicated significant differences between the
stations located at a distance of 15 m and stations loc-
ated at a distance of 30 m from the outfall. For di-
versity, the pair-wise tests indicated significant differ-
ences between the stations located at 15 m and stations
located at 80 m and 150 m from the outfall. Univariate
one-way PERMANOVA for the UMZ at Ċirkewwa in-
dicated a significant difference [p < 0.05] for evenness

Figure 4: Mean total macrofaunal abundance per quadrat
recorded from: A) Lower Mediolittoral Zone, B) Upper Medi-
olittoral Zone, C) Supralittoral Zone recorded from Cirkewwa
(grey) and Pembroke (black). Error bars represent ±1 Stand-
ard Deviation. E = east side of the effluent outfall; W = west
side of the effluent outfall; 15, 30, 80 and 150 represent the
distance (m) from the effluent outfall
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6 Influence of Desalination Plant Effluent on Shore Macroinvertebrate Assemblages

Figure 5: Mean total number of macrofaunal families per
quadrat recorded from: A) Lower Mediolittoral Zone, B) Up-
per Mediolittoral Zone recorded from Cirkewwa (grey) and
Pembroke (black). Error bars represent ±1 Standard Devi-
ation. E = east side of the effluent outfall; W = west side of
the effluent outfall; 15, 30, 80 and 150 represent the distance
(m) from the effluent outfall

Figure 6: Mean total algal biomass in g per quadrat recor-
ded from Ċirkewwa (grey) and Pembroke (black). Error bars
represent ±1 Standard Deviation. E = east side of the effluent
outfall; W = west side of the effluent outfall; 15, 30, 80 and
150 represent the distance (m) from the effluent outfall

and diversity. For both these attributes, the pair-wise
tests indicated a significant difference between the sta-
tion located at 15 m and the station located at 150 m
from the outfall. A significant difference was also in-
dicated by the pair-wise tests for evenness between the
station located at 30 m and the station located at 80 m
from the outfall; and for diversity between the station
located at 30 m and the station located at 150 m from
the outfall. No significant differences were detected for
any of the considered attributes at Pembroke (table 1).

The macrofaunal families identified by the SIMPER
analysis as contributing most to dissimilarity between
stations at Ċirkewwa were Ampithoidae, Hyalidae and
Sabellidae. Results from univariate one-way PERMAN-
OVA showed a significant difference [p < 0.05] for
abundance of Ampithoidae and Hyalidae (table 2). For
both families, the pair-wise tests indicated a signific-
ant difference between the station located at 15 m and
all other stations located at a greater distance from the
outfall. A significant difference [p < 0.05] for abundance
of Ampithoidae was also indicated between the east-
ern station located at a distance of 30 m and stations
located at a distance of 80 m on the eastern side and
150 m on the western side from the outfall. The mac-
rofaunal families identified by SIMPER analysis as con-
tributing most to dissimilarity between stations in the
LMZ at Pembroke were Ampithoidae, Sabellidae and
Tanaididae. A significant difference [p < 0.05] was in-
dicated by univariate one-way PERMANOVA for the
abundance of Ampithoidae and Tanaididae (table 2).
For both families, the pair-wise tests indicated a signific-
ant difference in abundance between the stations located
at 15 m and the station located at 80 m on the western
side (Ampithoidae) and that at 30 m on the eastern side
(Tanaididae). A significant difference [p < 0.05] was
also indicated by the pair-wise tests for abundance of
Ampithoidae between the station located at a distance
of 30 m on the eastern side and the station located on
the western side at a distance of 80 m from the outfall.
Significant differences were indicated by the pair-wise
tests in abundance of Tanaididae between the station
on the eastern side at a distance of 30 m from the out-
fall and stations located at a distance of: (i) 80 m from
the outfall on both eastern and western sides; and (ii)
150 m on the eastern side, from the outfall.

The macrofaunal families identified by SIMPER ana-
lysis for the UMZ data from Ċirkewwa and Pem-
broke were Chthamalidae, Patellidae and Trochidae. At
Ċirkewwa, a significant difference [p < 0.05] in abund-
ance was detected by univariate one-way PERMANOVA
only for Trochidae. The pair-wise tests showed that the
source of the significant difference was between: (i) sta-
tions located at a distance of 15 m and stations located
at a distance of 80 m from the outfall, on both western
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Number of
Macrofaunal Families

Pielou’s Evenness Shannon–Wiener
Diversity

Source of
Variation

df Pseudo-F p-value Pseudo-F p-value Pseudo-F p-value

Study area 6
Ċirkewwa

LMZ 2.3768 0.1451 6.7074 0.0124 3.6903 0.057

UMZ 1.8 0.2241 4.4464 0.0361 4.7687 0.0306

Pembroke
LMZ 6.0842 0.0168 4.3478 0.0362 8.1175 0.0069

UMZ 1.9667 0.1975 5.0512 0.0842 1.7045 0.2492

Residual 7

Total 13

Table 1: Results of univariate one-way PERMANOVA for number of macrofaunal families, Pielou’s evenness and Shannon–Wiener
diversity from analyses of Lower Mediolittoral Zone (LMZ) and Upper Mediolittoral Zone (UMZ) macrofaunal data for Ċirkewwa
and Pembroke. df = degrees of freedom. Significant p-values (p < 0.05) are indicated in bold.

Ampithoidae Hyalidae Sabellidae Tanaididae

Source of
Variation

df Pseudo-F p-value Pseudo-F p-value Pseudo-F p-value Pseudo-F p-value

Study
area

6 Ċirkewwa 10.957 0.0038 5.3105 0.0236 2.4771 0.1284

Pembroke 4.2593 0.038 0.84167 0.577 32.703 0.0002

Residual 7

Total 13

Table 2: Results of univariate one-way PERMANOVA for abundance of Ampithoidae, Hyalidae, Sabellidae and Tanaididae from
SIMPER analyses of Lower Mediolittoral Zone (LMZ) data for Ċirkewwa and Pembroke. df = degrees of freedom. Significant
p-values (p < 0.05) are indicated in bold.
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8 Influence of Desalination Plant Effluent on Shore Macroinvertebrate Assemblages

and eastern sides; and (ii) the station located at a dis-
tance of 30 m from the outfall on the western side and
the station located at a distance of 80 m from the outfall
on both western and eastern sides. At Pembroke, uni-
variate one-way PERMANOVA indicated a significant
difference [p < 0.05] in abundance only for Patellidae.
The pair-wise tests showed that the source of this dif-
ference was between the station located at 15 m on the
eastern side and (i) stations located at a distance of 30 m
on both western and eastern sides and (ii) 80 m from the
outfall on the western side (table 3).

Univariate one-way PERMANOVA indicated a signi-
ficant difference [p < 0.05] for number of algal species
and total algal biomass in the LMZ at both Ċirkewwa
and Pembroke (table 4). For both study areas, the
pair-wise tests did not indicate a significant difference
between pairs of stations for number of algal species but
the procedure indicated a significant difference for total
algal biomass. For Ċirkewwa, the source of this differ-
ence was between: (i) the station located at a distance
of 15 m on the western side and stations at 30 m on the
eastern side, 80 m and 150 m from the outfall on the
western side; and (ii) the station located at a distance
of 15 m on the eastern side and stations at 80 m from
the outfall on both western and eastern sides. The pair-
wise tests also indicated a significant difference between:
(i) the station at 80 m from the outfall on the eastern
side and stations at 30 m and 150 m on the eastern and
western sides respectively; and between: (ii) the station
at 80 m on the western side and the station at 150 m
from the outfall on the western side. For Pembroke,
the source of this significance was between: (i) the sta-
tion at a distance of 15 m from the outfall on the west-
ern side and stations at 30 m and 80 m from the outfall
on the eastern side; and (ii) the station at a distance
of 15 m from the outfall on the eastern side and sta-
tions at 30 m and 80 m from the outfall on the east-
ern side. The detected differences in biological attrib-
utes between the station located at a distance of 15 m
and stations located further away from the outfall was
corroborated by the results of multivariate analysis, in
particular for the Pembroke study area. The results of
multivariate one-way PERMANOVA (table 5) and pair-
wise tests for the macrofaunal data from the LMZ at this
study area indicated a significant difference [p < 0.05]
in total abundance of macrofauna; the source of this
difference was between: (i) the station located at a dis-
tance of 15 m from the outfall on the western side and
stations at 30 m, 80 m and 150 m on the eastern side
and 30 m on the western side; and (ii) the station loc-
ated at a distance of 15 m from the outfall on the east-
ern side and stations at 30 m from the outfall on both
western and eastern sides. At Ċirkewwa, the results of
multivariate one-way PERMANOVA did not indicate a

Figure 7: Plots from Principal Coordinates Analysis based
on square-root transformed abundance data from: A) Lower
Mediolittoral Zone at Pembroke, B) Upper Mediolittoral Zone
at Pembroke, C) Lower Mediolittoral Zone at Cirkewwa and
D) Upper Mediolittoral Zone at Cirkewwa. PE = Pembroke
east; PW = Pembroke west; CE = Cirkewwa east; CW =
Cirkewwa west. The numbers in the station codes represent
the distance (in m) from the outfall

significant difference in total abundance of macrofauna
between stations in the LMZ. The results of multivari-
ate one-way PERMANOVA for macrofaunal data from
the UMZ at Ċirkewwa indicated a significant difference
[p < 0.05] between stations in total abundance of mac-
rofauna; the pair-wise tests indicated that the source of
this difference was between the station located at a dis-
tance of 30 m from the outfall on the eastern side and the
station located at a distance of 150 m from the outfall
on the western side. A significant difference [p < 0.05]
between stations was also indicated for total abundance
of macrofauna in the UMZ at Pembroke but the pair-
wise tests did not identify the source of this difference.
The plots from the PCO analyses for abundance data
from the LMZ and UMZ at Pembroke (figure 7 A and
B respectively) showed a separation between the station
located at a distance of 15 m and stations located at a
greater distance from the outfall on both western and
eastern sides. These results corroborate those from the
multivariate one-way PERMANOVA tests. The plot for
macrofaunal data from the LMZ at Pembroke also in-
dicates that stations located at a distance of 30 m from
the outfall were grouped separately from rest of the sta-
tions. The respective plots for the LMZ and UMZ at
Ċirkewwa (figure 7C and D respectively) indicated less
separation of samples.

4 Discussion

Differences in macrofaunal abundance, number of mac-
rofaunal families and algal biomass between the two
study areas indicate that the influence of the hyper-
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Chthamalidae Patellidae Trochidae

Source of
Variation

df Pseudo-F p-value Pseudo-F p-value Pseudo-F p-value

Study area 6 Ċirkewwa 0.87577 0.5564 3.0406 0.084 19.093 0.0002

Pembroke 0.98154 0.5072 4.8885 0.029 1.5 0.3084

Residual 7

Total 13

Table 3: Results of univariate one-way PERMANOVA for abundance of Chthamalidae, Patellidae and Trochidae from SIMPER
analysis of Upper Mediolittoral Zone (UMZ) data for Ċirkewwa and Pembroke. df = degrees of freedom. Significant p-values
(p < 0.05) are indicated in bold.

No. of Algal Species Total Algal Biomass

Source of
Variation

df Pseudo-F p-value Pseudo-F p-value

Study area 6 Ċirkewwa 7.5 0.0099 19.163 0.0009

Pembroke 1.2778 0.3726 7.9191 0.0083

Residual 7

Total 13

Table 4: Results of univariate one-way PERMANOVA for number of algal species and total algal biomass from analysis of Lower
Mediolittoral Zone (LMZ) algal data for Ċirkewwa and Pembroke. df = degrees of freedom. Significant p-values (p < 0.05) are
indicated in bold.

Source of Variation df Pseudo-F p-value

Study area 6
Ċirkewwa

LMZ 1.7348 0.0569

UMZ 3.4257 0.0132

Pembroke
LMZ 4.707 0.0001

UMZ 2.0748 0.0397

Residual 7

Total 13

Table 5: Results of multivariate one-way PERMANOVA from analyses of Lower Mediolittoral Zone (LMZ) and Upper Mediolittoral
Zone (UMZ) macrofaunal data for Ċirkewwa and Pembroke. df = degrees of freedom.
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saline effluent was greater at Ċirkewwa compared to
Pembroke. This may be attributed to exposure of the
shore to different flow regimes of the effluent discharge;
at Ċirkewwa, the effluent flows down a single channel
directly into the open sea, whereas at Pembroke the ef-
fluent flows into several diverging channels before enter-
ing the open sea. Some of the latter channels termin-
ate into rockpools, which receive the discharged effluent,
and eventually overflow. Therefore, although the shore
biotic assemblages at Pembroke appear to be influenced
by the hypersaline effluent, while the volume of effluent
released there is greater, the magnitude of this influence
may be lower at this study area due to dispersal of the
effluent into smaller bodies of water before it enters the
sea. Another difference in results between the two study
localities is that macrofaunal abundance and number
of faunal families in the LMZ at Cirkewwa decreased
on moving eastwards from the effluent outfall and in-
creased on moving westwards, while such trend was not
evident at Pembroke (figures 4 and 5). This could pos-
sibly be attributed to the higher exposure of the shore
at Ċirkewwa to the locally-predominant northwesterly
wind (Galdies, 2012) which would generate wave action
and water movement that is expected to displace the
effluent eastward, thereby influencing the shore biota
present east of the discharge point to a greater extent
than that present west of it. On the other hand, such
influence is less at Pembroke which is less exposed (fig-
ures 4 and 5) to the northwesterly wind and related wave
action.

The present results indicate that the influence of hy-
persaline effluent on shore biotic assemblages in the vi-
cinity of the outfall at both desalination plants is highest
within the stretch of shore located within a distance of
15 m from the discharge point. In the LMZ and UMZ
at both Ċirkewwa and Pembroke, the influence of the
hypersaline discharge was manifested by low values of
abundance and number of families of macrofauna at the
station located 15 m from the outfall, while an increase
in values of these attributes occurred with increasing dis-
tance from the discharge point. The results of univari-
ate and multivariate one-way PERMANOVA tests in-
dicated differences in biological attributes; namely num-
ber of macrofaunal families, Pielou’s evenness, Shannon-
Wiener diversity and algal biomass between the station
located at a distance of 15 m from the outfall and sta-
tions located at a greater distance from it, and that the
observed differences with increasing distance from the
discharge point were more evident at Pembroke com-
pared to Ċirkewwa. These results were corroborated
by the output from the PCO analysis of biological data
from Pembroke (figure 7A and B) which clearly indic-
ated that the stations at 15 m are distinguishable from
the other stations.

Results from univariate one-way PERMANOVA tests
for the LMZ indicated a significant difference in abund-
ance of Ampithoidae between sampling stations at both
study areas. Most of the pairs of stations that were
significantly different included the station located at
a distance of 15 m and stations located at a greater
distance from the outfall. De-La-Ossa-Carretero et al.
(2016) showed that amphipod abundance and diversity
decreased in response to elevated salinity of brine ef-
fluent, especially in the vicinity of a hypersaline out-
fall. Results from univariate one-way PERMANOVA
tests for the UMZ indicated a significant difference for
Trochidae at Ċirkewwa between stations at 15 m and
80 m and between those at 30 m and 80 m and for Pa-
tellidae at Pembroke between stations at 15 m and 30 m
and between those at 15 m and 80 m. Phorcus turbinatus
(Born, 1778), the most abundant member of Trochidae
recorded from the UMZ in the present study, is sensit-
ive to changes in salinity (Menzies et al., 1992), hence
decreased abundance of this species with decreased dis-
tance from the outfall may be due to the high salinity
levels to which the shore habitat is exposed. Informa-
tion on tolerance of Patellidae to above-ambient salinity
levels appears to be lacking, but one would expect that
species from this family will be as affected adversely
by high salinity levels, particularly during their juven-
ile stages. As a consequence of external fertilization,
the larval stages of marine gastropods, such as patel-
lids, are planktonic. Mortality rates of the planktonic
larval stage would be expected to be higher when ex-
posed to unfavourably high salinity levels that lead to
desiccation (Denny et al., 2007).

The results from univariate one-way PERMANOVA
tests for algal biomass indicated a significant difference
between the station located at a distance of 15 m and
stations located at a greater distance away from the
outfall on both western and eastern sides. A concur-
rent increase in algal structural complexity with increas-
ing algal biomass would be expected as one moves fur-
ther away from the effluent discharge point. At the sta-
tion located at a distance of 15 m from the outfall, Ulva
sp. and Cyanobacteria were the dominant flora; these
are characterised by low structural complexity, which in
turn would be expected to support a lower associated
macrofaunal abundance (Hacker et al., 1990) and di-
versity (Hicks, 1985 as cited by Hauser et al., 2006). The
genus Ulva comprises euryhaline species (Black et al.,
1972), which have a high tolerance to elevated salinity
compared with other macroalgae exposed to the same
environmental conditions (Einav et al., 1995). Simil-
arly to Ulva sp., some cyanobacteria species have a high
tolerance to salinity levels. One of the two cyanobac-
terial species identified in the present study is Symploca
sp., which is capable of tolerating salinity levels ran-
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ging between 48 PSU and 62 PSU (Nagasathya et al.,
2008). At stations located at a distance of 30 m and
more from the outfall, the influence of the hypersaline
effluent is less pronounced and environmental conditions
are more similar to background ones. This would al-
low the presence of algae that are more characteristic
of natural ambient conditions, and which would have a
higher biomass, as noted from the present results, and
hence higher structural complexity that would be ex-
pected to support a higher diversity of associated mac-
rofauna. The flora which dominated the stations located
at a distance of 30 m and greater away from the outfall
included Jania rubens, Gelidium sp., Titanoderma sp.
and Padina pavonica, all of which are more typical of
the rocky shore LMZ around the Maltese Islands

The results of the present study also show that the hy-
persaline discharge influenced shore biotic assemblages
within the mediolittoral zone at a distance of 30 m away
from the outfall but such influence was less than 15 m
away from the discharge. This suggests that the influ-
ence of the effluent is localized, being most evident at
a distance of 15 m from the outfall, and is lower at a
distance of 30 m, and becomes negligible further away.

The supralittoral macrofauna comprised members of
the families Littorinidae and Chthamalidae. Chthamal-
idae individuals were only recorded at Pembroke in
one replicate sample. The abundance of the littorinid
Melarhaphe neritoides (Linnaeus, 1758) was higher at
Pembroke than at Ċirkewwa, and contrary to the ob-
tained results for macrofaunal abundance in the LMZ
and UMZ, the abundance of this species at stations loc-
ated at a distance of 15 m from the outfall was compar-
able to that recorded from stations located at a greater
distance from the discharge point; only in the immediate
vicinity of the effluent outfall, i.e. at 0 m, was this spe-
cies absent and hence its abundance was ‘0’. Thus, the
influence of the effluent on littorinids within this zone
may not be so large compared to that on other mac-
rofaunal groups present in the LMZ and UMZ; this is
probably due to the presence of ecotypes, i.e. a popu-
lation adapted to the specific environmental conditions
provided by the effluent (Brewer, 1994), the behavioural
strategies of species from this family, and the lower ex-
posure of the zone to wave action. M. neritoides typ-
ically shelters itself from harsh physical conditions such
as wave action by occurring in dense aggregates within
crevices on the rocky shore, as well as in pits and under
overhangs, where the microclimate is benign. Moreover,
the supralittoral zone receives sea-spray but is not sub-
merged and it is only during strong wave action that this
zone is wetted by the sea (Grech et al., 1989). Since the
hypersaline effluent directly enters the sea, the supralit-
toral zone which is further inland is less affected than the
mediolittoral zone further down. Therefore, exposure of

M. neritoides to the effluent is minimal, especially due
to the reduced wave action during the summer months.

5 Conclusions

Overall, the present results indicate a similar pattern
of influence of hypersaline effluent on shore biotic as-
semblages in the vicinity of the discharge point, at both
desalination plants under study. However, some dif-
ferences in macrofaunal abundance, number of macro-
faunal families and algal biomass were noted between
the two study areas. This is to be expected and would
result from differences in environmental factors between
the two study localities, which would influence attrib-
utes of the shore biotic assemblages, as was noted in
the present study wherein a different pattern of change
in abundance and number of families of macrofauna
between Ċirkewwa and Pembroke, on moving away from
the effluent source, was evident. The influence of the hy-
persaline discharge was greater at Ċirkewwa compared
to Pembroke; this was attributed to exposure of the
shore to different flow regimes of the effluent discharge
between the two desalination plants. Results for the
LMZ and UMZ infer the largest influence of the hyper-
saline effluent on the shore biotic assemblages occurred
within the stretch of shore located within 15 m away
from the effluent outfall, and this observation was com-
mon to both study areas. The influence decreased bey-
ond a distance of 30 m and was almost negligible at a
distance of 150 m. In the SZ, the influence of the ef-
fluent on the shore biota was evident in the immediate
vicinity of the outfall, at 0 m, where no species were re-
corded, while at a distance of 15 m from the outfall, the
abundance of Littorinidae was comparable with that re-
corded from stations located at a greater distance from
the discharge point. As far as the present authors are
aware, this is the first time that the influence of hy-
persaline effluent from desalination operations on rocky
shore biotic assemblages, specifically in the Mediter-
ranean, has been assessed. The results from the present
study, which should be considered preliminary especially
given the limited effort adopted during sampling of the
biota, suggest that dispersal of desalination effluent at
the discharge point may decrease the level of adverse
influence on shore biotic assemblages, while the over-
all findings should help coastal managers and planners
in decision-making processes that concern site selection
for desalination plants and aspects of the effluent dis-
charge to the sea. Further investigations, which could
include assessment of water quality, hydrodynamic as-
pects and other physico-chemical environmental factors,
as well as more extensive sampling of biota associated
with the different littoral and sublittoral zones, would
be very useful as further evaluation of the influence of
desalination effluent on shore and shallow water marine
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ecology.
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