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Abstract: In an effort to monitor ascidian recruitment in mussel aquaculture facilities,
a series of settlement plates (20 x 20 cm) were placed in a mussel farm located in the
Amvrakikos Gulf (Ionian Sea). The plates were vertically deployed on floating facilities
in the water column at regular intervals (depths of 0.2 m, 1.5 m, and 3 m) to monitor the
settlement and proliferation of ascidians. Furthermore, measurements of seawater physico-
chemical parameters such as temperature, salinity, dissolved oxygen, and chlorophyll-a
concentration were conducted together with the record of ascidian species in each sampling
from January 2021 to November 2021. The correlation of these parameters with ascidian
species provides information on their effect on the periodicity of ascidians’ recruitment.
The results demonstrated a significant correlation between ascidian presence and water
temperature. The potential influence of other important environmental parameters such as
chlorophyll-a was not revealed, likely due to the limited number of values and samples
included in the analyses. While increased chlorophyll levels, reflecting increased primary
productivity or nutrient availability, are associated with increased growth and reproduction
of all ascidian species, the effect of temperature was more potent and species-specific. Ciona
robusta, Styela plicata, Microcosmus squamiger, and Phallusia mammillata were mainly detected
at temperatures below 25 °C, whereas Clavelina oblonga was prevalent at temperatures
above 25 °C. The absence of most ascidians at temperatures above 25 °C was possibly
attributed to decreased settlement success and to the increased competition from C. oblonga
at higher temperatures. The deployment of settlement plates in correlation with seawater
physiochemical parameters can provide valuable data on ascidian settlement dynamics
and support the development of targeted management practices for biofouling control.

Keywords: aquaculture; tunicates; bivalve culture; Greece; chlorophyll; temperature;
salinity; oxygen availability; biofouling

1. Introduction

Since ascidians are among the most significant biofouling organisms, they lead to
significant economic consequences in mussel farms as these facilities provide an ideal
substrate for the proliferation and spread of ascidian species [1-3]. The most common
ascidian [Ascidiacea (Chordata: Tunicata)] species are found attached to any kind of
hard substrate (e.g., human-made infrastructure), as well as epibionts of other organisms
(plants and animals). The size of ascidians may vary from 0.5 to 30 cm according to their
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morphology, i.e., colonial or solitary type, while they can frequently form large colonies,
spreading in thin and wide layers allowing their symbiotic unicellular algae to utilize the
necessary light [4].

A significant number of ascidian species has been detected in Greece [3,4], including
invasive or cryptic species. These species usually attach and grow on bivalve shells com-
peting for food, while at the same time, they add excessive weight to the rearing units’
floating facilities (long line floating culture system) [1,2,5-11]. In addition, these ascidian
species can affect water [12] and oxygen [13-17] exchange levels in bivalves resulting in de-
creased growth [2,18,19] and increased mortality rates [11,20-22], significantly threatening
productivity in shellfish farming operations.

An investigation of the ascidian distribution, composition, and spread, which may
differ in space and time, in combination with practices for the mitigation of ascidian set-
tlement in mussel farms, is essential for the evaluation of their impact on the aquaculture
sector and its subsequent economic losses. Although water temperature is considered to
be the primary influencing factor [23-25] resulting in increased ascidian spawning during
summer’s elevated temperatures [24,26], little is known regarding the effect of other physic-
ochemical parameters on their reproductive cycles [27-29]. In addition, a variety of factors
including light intensity [30-32], the existence of congeneric species [33,34], the characteris-
tics of the host surface [33,34], and the chemical composition of the substrate [35,36] have
been proposed to influence the ascidian larval settlement. In this context, it becomes clear
that seasonal tracking of the ascidian presence facilitates the estimation of their dispersal
patterns and physiological effects on mussels, pinpointing critical periods when biofoul-
ing poses a threat to mussel farming [37]. Thus, data regarding the patterns of ascidians’
occurrence and attachment provide valuable information for predicting the emergence of
dominant species, the timing of their appearance, and the areas where their settlement will
be most pronounced [38].

Since most studies evaluating these factors on ascidians’ presence originate from
laboratory experiments or were focused on a single parameter, the aim of the present
study was to shed light on the seasonal preference of ascidians, in correlation with the
main physicochemical parameters influencing their presence. Their seasonal presence was
documented in mussel farm facilities in Western Greece with the subsequent identification
of the ascidian species. Monthly recordings of the area’s physicochemical parameters
including temperature, salinity, dissolved oxygen, and eutrophication (chlorophyll-a con-
centration) were also conducted in order to assess their influence on the periodic occurrence
of ascidians in the region as they are closely linked to the biological cycles of invasive
species.

2. Materials and Methods
2.1. Study Area Description

The field experiments were implemented on the installations of a raft installed at the
mussel farm to which the experiments were attached (Figure 1), on the outer side of the
estuary/gate to the Mazoma Lagoon, located on the northwest coast of the Amvrakikos
Gulf, next to the city of Preveza, Epirus (NW Greece) (Figure 2), with the following coordi-
nates: 39°1.538' N, 20°45.430" E. The Amvrakikos Gulf resembles a fjord with an area of
525 km?. The renewal of its waters takes place from the Ionian Sea through the long but
shallow “mouth” of the Gulf (Preveza—Aktio Channel). The volume of water entering the
gulf is insufficient to renew the entire water mass, which is supplemented by the Arachthos
and Louros rivers. Specifically, the Louros River (length 80 km, average annual discharge
400 x 103 m?® year~!) provides excessive amounts of nutrients to the gulf, due to the
intensive agricultural activity and livestock production occurring upstream [39-42].
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Figure 1. Ascidian species on mussel farm infrastructures in Mazoma, Amvrakikos Gulf.
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Figure 2. Map location of the Amvrakikos Gulf and the area of Mazoma Lagoon where the mussel
farm in which the field experimental procedure was conducted is located.

The hydrological nutrient profile, combined with limited seawater renewal, induces
vertical stratification at 6~10 m, creating hypoxic (<2 mg L~! Oy) or anoxic (<0.2 mg L~}



Water 2025, 17,1122

40f16

Chlorophyll a =

O;) conditions near the riverbed [43,44]. Zooplankton, including bivalve larvae, decrease
in abundance with depth, while autumn mixing (October-November) leads to a uniform
vertical distribution [41,45,46]. Some zooplankton adjust their vertical migration patterns
to avoid low-oxygen zones, leading to altered distribution and potential impacts on feeding
and predator—prey interactions. Research indicates that hypolimnetic anoxia can modify
zooplankton migration behaviors, biomass, and overall community structure [47].

2.2. Assessment of Abiotic and Biotic Environmental Factors

A total of 9 samplings were carried out between January 2021 and November 2021
every 1 or 2 months (Table 1) for both water and settlement plates. The water samplings
were carried out at two different depths, 0.2 m and 3 m. Water samples were taken to
the laboratory where phytoplankton analysis was carried out using a compound light
microscope and identification keys summarized by Santhanam and Perumal (2008) [48].
Along with obtaining water samples for quality analysis, temperature, dissolved oxygen,
and salinity were also recorded during sampling on-site. Measurements of temperature and
dissolved oxygen were performed using a WIWoxi 196 portable meter (Xylem, Weilheim,
Germany) and the EasyLog-USB-1-PRO Industrial USB Temperature Data Logger (Lascar
SE Asia, Hong Kong). Prior to each sampling, a 5% NaySOj3 solution was employed to
set the zero value, and well-aerated water to set the maximum value. The salinity mea-
surements were carried out using a WTWLF 191 salinometer (Xylem, Weilheim, Germany).
Distilled water was used for the initial zero setting and two measurements were taken, the
first at a depth of 0.2 m and the second at 3 m from the surface in duplicate.

Table 1. Timeline of the settlement plates’ placement, samplings, and total duration of the settlement
plates in the sea.

Duration in the

Sampling Number Placement Sampling Sea (Months)
1 20 November 21 January 2
2 21 January 21 March 2
3 21 March 21 May 2
4 21 May 21 Jun 1
5 21 Jun 21 July 1
6 21 July 21 August 1
7 21 August 21 September 1
8 21 September 21 October 1
9 21 October 21 November 1

A Shimadzu UV 1800 spectrophotometer with stoppered cuvettes with a path length
of 1 cm was used for the trichromatic determination (630 nm, 647 nm, 664 nm, 750 nm) of
chlorophyll-a. The concentration of chlorophyll-a was calculated according to the equations
of Jeffrey and Humphrey [49]:

(11.85 x (E664 — E750) — 1.54 x (E647 — E750) — 0.08 x (E630 — E750)) x Ve

vf
where:
E = the absorbance intensity;
Ve = extraction volume (mL);
Vf = filtered volume (L).
The extraction was performed by grinding the filters with 90% acetone.
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2.3. Settlement Plate Placement

A floating unit-rearing platform (raft) was employed for the hanging of the settlement
plates. These settlement plates consisted of 20 x 20 cm polyester tiles with quite rough
(about 3 mm thick) surfaces (not flexible), secured to the rope with plastic clips. Each rope
was 4 m long with a weight at the lower end to stay vertical in the water surface (as much as
possible). Three settlement plates per unit (Figure 3) were attached to each rope at depths
of 0.2 m, 1.5 m, and 3 m. Each sampling was performed in triplicate (Figure 4).

Figure 3. Settlement plates’ construction.

Placement Nov-20 Placement Jan-21 Placement (....) Placement Oct-21
Sampling 1 Sampling 2 ling (....) ling 9

e sea level

v\ 0.2m
-~
«— Settlement
plates 15m

~N

- 3.0m

Figure 4. Schematic representation of experimental floating unit-rearing platform (raft) hanging the
settlement plates. In the first 6 months, settlement plates were installed every 2 months, while for the
next 6 months, settlement plates were installed every month.

2.4. In Situ Species Assessment and Systematic Classification

The frequency of settlement plates’ installation and sampling are presented in Table 1.
In the first 6 months, settlement plates were installed every 2 months and, correspondingly,
the sampling was performed every 2 months, while for the next 6 months, settlement plates
were installed every month and sampled on a monthly basis (Table 1). For each group, the
settlement plates remained suspended for the entire period (1-2 months), while after that
period, the plates were removed and renewed with new ones.

For each sampling, visual inspection and photography of the two surfaces of each
plate were conducted for the identification of ascidians’ presence. Ascidian settlement was
determined according to Casso et al. (2018) [50]. Specifically, all the attached ascidians
of different species were collected using forceps and scissors and were transferred to
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the laboratory preserved in formaldehyde for their systematic classification. Plates were
inspected visually and photographed in each sampling. The presence of ascidian species
was recorded in situ, and species identity was confirmed using collected samples.

2.5. Redundancy Analysis (RDA) and ANOVA Permutation Test on the Influence of
Environmental Variables on Species Presence

Redundancy analysis (RDA) was performed to investigate the relationship between
environmental variables and species presence/absence data. The environmental variables
included in the analyses were chlorophyll-a, temperature, salinity, and dissolved oxygen,
while species presence/absence data were used as response variables. The analysis in-
cluded five ascidians identified at the species level: Ciona robusta, Clavelina oblonga, Styela
plicata, Microcosmus squamiger, and Phallusia mammilata. Prior to the analysis, all values of
the environmental parameters were standardized using z-scores to ensure comparability of
the variables with different units. The RDA was conducted using the vegan package in R
(Version 4.4.2; R Foundation for Statistical Computing, Vienna, Austria), with species pres-
ence data modeled as a function of the standardized environmental parameters. Afterward,
a permutation test with 999 iterations was performed to assess the significance of each
environmental parameter and test the overall model fit. The significance of each parameter
was determined based on permutation p-values, with p-values less than 0.05 considered
statistically significant. The RDA scores of the first and second redundancy axes (RDA1
and RDA?2) both for environmental parameters and for the ascidian species were extracted
from the RDA analysis in R. These scores were then visualized using GraphPad Prism
version 8.4.2 for further interpretation and presentation.

3. Results
3.1. Physicochemical Parameters

The water temperature significantly fluctuated throughout the year, ranging from
10.28 °C in the winter period (January) to 28.47 °C in the summer (August) (mean values + SD)
(Figure 5; Table 2).

40
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Figure 5. Seasonal seawater temperature, dissolved oxygen, and salinity levels in Amvrakikos Gulf
study area. Oxygen (mg LD, salinity (ppt); temperature (°C).

Salinity values also varied seasonally, ranging from 18 ppt in December up to 35 ppt
in July at a depth of 0.2 m (Figure 5). Similar observations in the Amvrakikos Gulf have
revealed seasonal and depth-related salinity stratification and variation. The stratified
surface layer, typically 10-20 m thick, exhibits salinity levels ranging from 25 to 30 ppt,
depending on the season and specific location. In the northern regions of the Amvrakikos



Water 2025, 17,1122

Gulf, where riverine input is more pronounced, salinity levels are lower compared to the
southern regions. Beneath this stratified layer, the water is more saline and originates from

the Ionian Sea [44-46].

Table 2. Physicochemical parameters of the seawater obtained from the water samples in the study

area (mean values + SD).

Month Salinity Temperature Oxygen
21 January 23.00 £ 0.74 10.28 +1.12 9.30 + 0.51
21 March 33.00 + 1.04 13.93 £ 0.81 8.47 £0.73
21 May 32.00 & 0.68 21.33 +0.83 7.83 £ 0.57
21 Jun 34.00 £ 0.55 25.75 + 0.59 7.35 £ 0.39
21 July 34.00 £ 0.73 28.02 & 0.68 7.38 +0.33
21 August 34.00 £ 0.77 28.47 + 0.54 715+ 042
21 September 34.00 + 0.61 25.80 + 0.60 6.99 £+ 0.27
21 October 32.00 +1.12 17.28 £ 0.75 8.60 £ 0.46
21 November 28.00 +1.28 15.88 £ 0.64 8.75 £ 0.32

Dissolved oxygen levels remained consistently high throughout the measurement
period, ranging from a peak of 9.30 mg/L in January to a minimum of 6.99 mg/L in August
(Figure 5). These oxygen concentrations are well above the 3 mg/L threshold required for
well-oxygenated waters. These findings align with previous studies indicating that the
surface waters of the Amvrakikos Gulf are rich in oxygen concentration. This phenomenon
can be attributed to the continuous oxygenation of riverine waters as they flow toward the
Gulf, coupled with the enhanced solubility of oxygen in low-salinity waters [11,51].

According to the measurements, it appears that the values of phytoplankton abun-
dance and chlorophyll concentration that have been measured in the Amvrakikos Gulf
exhibit a seasonal pattern, with their high values being similar to those of the most eutrophic
areas of Greece (Table 3) [52].

Table 3. Additional physicochemical parameters of the seawater obtained from the water samples in
the study area.

Month TO? TNﬁ NH47+ NO3: NOZ: PO43: Chl-il pH
(mgL-1) (mgL-1) (mgL-1) (mgL-1) (mgL-1) (mgL-1) (mgm~—3)

21 January 8.82 0.568 <0.016 0.295 0.034 0.29 4.82 8.33
21 March 4.50 0.695 <0.015 0.415 0.043 0.38 5.26 8.34
21 May 1.24 0.220 <0.015 0.113 <0.015 <0.05 0.50 8.32

21 Jun 2.01 0.223 <0.015 0.126 <0.015 <0.05 0.95 8.32

21 July 8.04 0.293 <0.015 0.174 <0.015 0.08 343 8.25

21 August 8.93 0.387 <0.015 0.299 0.019 0.19 4.98 8.21
21 September 9.82 0.392 <0.015 0.283 0.022 0.26 5.08 8.35
21 October 10.68 0.453 <0.015 0.374 0.029 0.28 4.76 8.36
21 November 10.59 0.447 <0.015 0.361 0.032 0.28 4.64 8.35

3.2. Species Recruitment

During the deployment of the settlement plates, seven ascidian species were observed
adhering to the surfaces. Of these, five species were identified based on the work of
Geladakis et al. [53], including one endemic species (P. mammillata) and four invasive
species (S. plicata, C. robusta, C. oblonga, and M. squamiger).
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The seasonal patterns of ascidian colonization varied across species. C. robusta,
M. squamiger, and P. mammillata were primarily found on the settlement plates deployed
late in the autumn and early in the winter. S. plicata was also detected on settlement plates
sampled in May, except for October, November, and January indicating broader seasonal
activity (Figure 6).

Figure 6. Population coverage of settlement plates with Styela plicata species in January at 0.2 m,
1.5m, and 3 m.

During February, March, and April, no ascidians were observed on the settlement
plates; only mussel larvae were present. With the increase in sea temperature exceeding
25 °C in June, the first appearance of C. oblonga was recorded. This species exhibited a
significant population outbreak during the warmest months, July and August, followed
by a decrease in September, minimum presence in October, and complete absence by
November (Figure 7).

Figure 7. Settlement plates from (a) June (b) August (c) September, and (d) November samplings.
Settlement plates indicate the cumulative settlement and development of ascidian colonies (Clavelina
oblonga) throughout the interval period.

The proliferation of C. oblonga in both mussel farming structures and the floating
facility of the plant poses a substantial challenge to production processes due to its high
abundance during the summer months. The species identified and their seasonal distribu-
tion are summarized in Figure 8.
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Figure 8. Ascidian species and Mytilus galloprovincialis recruitment on the settlement plates during
the study period. In the present figure, the ascidian species and abiotic parameters are matched only
to seasonal data. There is no correlation between ascidian species and abiotic parameters.

3.3. Influence of Environmental Variables on Species Presence/Absence: Insights from Redundancy
Analysis (RDA)

The redundancy analysis (RDA) illustrates how the distribution of ascidian species is
influenced by environmental parameters (temperature, chlorophyll-a, dissolved oxygen,
and salinity) (Figure 9). The five species C. robusta, M. squamiger, P. mammillata, C. oblonga,
and S. plicata were used for the analyses. According to the RDA biplot, RDA successfully
captured the majority of the variation in the data in the first two axes, which explains
92.6% of the data variability, indicating a strong relationship between species presence and
environmental variables. More specifically, RDA1 explains most of the variation (79.7%),
primarily separating the species based on temperature and dissolved oxygen. Accordingly,
RDA2 captures a smaller fraction (12.9%), likely distinguishing species based on secondary
factors like chlorophyll-a and salinity.

Most environmental parameters yielded high p-values (Table 4) after the ANOVA
permutation test, suggesting that their potential effects may not be statistically detectable,
likely due to the limited sample size. As a result, their true influence may not be reflected
in the statistical results. Among the tested environmental parameters, temperature appears
to be the most influential factor, significantly shaping species presence (Table 4). This
suggests that temperature is the dominant environmental factor shaping species’ presence.
Temperature is positively correlated, influencing species distribution along RDA1 (Figure 9).
C. oblonga is positioned along the positive RDA1 axis, indicating a strong association with
elevated temperatures. S. plicata aligns more with salinity and chlorophyll-a, suggesting
it thrives in many different conditions compared to the other species. M. squamiger, P.
mammillata, and C. robusta were positioned in the lower-left part of the plot, indicating
an increased presence at lower temperatures. The presence/absence of ascidian species
according to physicochemical parameters is also depicted in Figure 10.
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while the second axis (RDA2) explains 12.9%.
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Table 4. Results of the ANOVA permutation test (999 permutations) evaluating the influence of
environmental variables on species presence. p-values indicate the statistical significance of each
variable, with p < 0.05 considered significant and indicated with a * in the Table.

Df Variance F p-Value
chlorophyll-a 1 0.143 1.44 0.266
temperature 1 0.550 5.57 0.029 *
salinity 1 0.050 0.51 0.645
dissolved oxygen 1 0.194 1.97 0.178
residual 4 0.394

4. Discussion

Seven different ascidian species were detected on the settlement plates, highlighting
the significant role of aquaculture units as vectors for the introduction and spread of non-
indigenous species [54,55]. Five out of those seven species were identified at a species level
and were considered for the analyses. The use of settlement plates has been extensively
documented in previous studies of ascidian settlement [48,56], both for descriptive purposes
and experimental investigations [57-59]. In the present study, species such as C. robusta, S.
plicata, M. squamiger, and P. mammillata were detected in samples collected during periods
corresponding to the placement of settlement plates in November 2020 and October—
November 2021 (Samplings 1, 8, and 9). S. plicata was also identified during Sampling 4,
conducted in June. Meanwhile, C. oblonga was mainly found in settlement plates deployed
in June, July, August, and September (Samplings 5, 6, 7, and 8).

The species distribution was closely linked to temperature variations, which was high-
lighted by the RDA biplot. The seasonal presence of S. plicata aligns with findings from Qiu
et al. [60], which indicate that this species thrives in temperatures between 18 and 24 °C, while
larvae fail to reach settlement stages at temperatures of 26-30 °C. This fact explains its absence
during warmer months and its highly negative RDA1 score. Additionally, the absence of
S. plicata in plates sampled in March is likely due to temperatures dropping below 18 °C
during winter, as larvae experience prolonged metamorphosis times, depleted energy reserves,
and ultimately fail to survive [61]. Furthermore, the species S. plicata, C. robusta, M. squamiger,
and P. mammillata were detected at temperatures below 25 °C, whereas C. oblonga presence
was prevalent at temperatures exceeding 25 °C. Cooler months may favor different species
due to higher oxygen levels and lower temperatures, coinciding with less competition from
C. oblonga, which has the potential to become a dominant competitor after an initial growth
phase under favorable conditions [62,63]. The ANOVA permutation test reinforced these
findings, highlighting the importance of temperature in structuring ascidian communities.

Salinity also plays a critical role in the survival and settlement of S. plicata larvae, since
levels below 25 ppt inhibit the development of fertilized eggs, as reported by Thiyagarajian
and Quian [64]. These observations are consistent with embryonic patterns observed across
various ascidian species [65-68].

The slight variations in settlement periods, colony numbers, and species composition
on floating aquaculture structures compared to the settlement plates could be attributed to
differences in substrate properties, such as material composition and surface roughness, which
influence larval settlement preferences [69]. For instance, S. plicata was detected on mooring
ropes in June. Newly installed settlement plates, lacking biofilm, surface irregularities, and
potential shelters that accumulate over time, may not provide suitable conditions for the estab-
lishment of some species. Certain ascidian species require unoccupied substrates for recruitment
and survival, while others benefit from the structural complexity created by pre-existing epibiont
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organisms [58]. Additionally, interactions between population dynamics and environmental
factors influence competitive outcomes among ascidians on artificial substrates [70]. Over time,
environmental factors contribute to achieving ecological balance [71]. Laboratory experiments
on larval behavior can complement field studies by clarifying whether differences in settlement
density, pre-settlement mortality, or post-settlement growth contribute to observed population
dynamics. Such studies indicate that many invertebrates, including ascidians, preferentially
settle on shaded surfaces [31,32]. This behavior may decrease competition and the risk of
macroalgal overgrowth, enhancing survival and establishment. Furthermore, substrate mi-
crotopography possesses a key role in settlement by influencing water flow, individual stress,
and the availability of dissolved gases and nutrients [72]. Rough surfaces, which promote
turbulent flow, have been shown to facilitate settlement for various aquatic organisms, including
barnacles [73,74], bivalves [75], and polychaetes [76,77]. However, other species, including
ascidians, bryozoans, polychaetes [78,79], and barnacles [80], exhibit a preference for settling on
smooth substrates. Substrate characteristics, such as color and chemical composition, are also
known to influence larval settlement, although these factors have been investigated in relatively
few studies [36,81].

It should be also noted that the present study’s data show that chlorophyll-a levels are
associated with specific biological or environmental processes that vary independently of
temperature and dissolved oxygen. Chlorophyll levels could reflect seasonal changes in
primary productivity or nutrient availability that impact biological dynamics in the marine
area, with increased food likely increasing the growth and reproduction of the ascidian
species. Chlorophyll-a concentration in water is directly associated with phytoplankton
abundance, as chlorophyll-a is the primary pigment involved in photosynthesis within
phytoplankton cells. Higher concentrations of chlorophyll-a typically indicate greater
phytoplankton biomass and productivity. The position of the ascidians in the RDA biplot
represents patterns in ascidian species’ presence/absence that align with the environmental
factors. C. obonga was detected from June to October in the study area exhibiting its peak
densities during August and September when, apart from the high temperature, chlorophyll
levels were also increased compared to June and July. In line with our results, the growth of
C. oblonga has been associated with rising seawater temperatures and increased chlorophyll-
a [50,82]. All other ascidian species were present in the study area from October to January,
and their presence was accompanied by increased chlorophyll levels. Accordingly, the
total absence of ascidian species during March and only the presence of S. plicata in May
is possibly attributed to the low temperatures and low chlorophyll levels in the previous
months. However, the potential effects of chlorophyll-a on species presence were not
statistically detectable, presumably owing to the limited sample size.

Seasonal shifts in dominant species and early-stage biotic interactions pose signifi-
cant implications for species coexistence and the diversity of ascidians and other fouling
organisms [83,84]. Beyond substrate properties and interspecies interactions, the timing of
settlement plate deployment is a crucial factor influencing settlement. Aligning substrate
availability with reproductive cycles is vital for successful species establishment, as the
deployment date of settlement plates has a pronounced effect on species coverage [71].
The physical stability of installations, as well as the hardness, rigidity of materials, and
prevailing currents, likely play a more significant role in larval settlement than the material
composition of the settlement plates themselves [60]. In mussel aquaculture, handling and
cleaning processes inadvertently create clean surfaces when mussels are returned to the
water, providing an ideal substrate for ascidian settlement. Larvae that settle on concealed
surfaces, such as within rigging or rearing ropes, often go unnoticed until they grow large
enough to become visible [60]. Consequently, information regarding ascidian settlement
often becomes available only after the fouling has already occurred.
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These results emphasize the need for proactive aquaculture management. Monthly
deployment of settlement plates provides the early detection of fouling species, enabling
timely mitigation strategies. Understanding the environmental and biological factors influ-
encing settlement can inform targeted control measures, reducing the impact of invasive
ascidians on aquaculture operations.

5. Conclusions

Mussel farms in the Amvrakikos Gulf have become hotspots for invasive species,
with distinct temporal patterns observed for the appearance of each species. Among the
environmental factors influencing these patterns, temperature and chlorophyll-a levels play
a pivotal role. The rapid and substantial rise in water temperature during the summer and
autumn months significantly promotes the reproduction and abundance of C. oblonga, both
in aquaculture facilities and the bivalves being farmed. The intensity of this phenomenon
raises concerns about its potential long-term impacts, particularly in light of the ongoing
sea temperature increases as a result of global warming. Therefore, implementing a compre-
hensive monitoring program to track the occurrence of ascidians in aquaculture facilities is
imperative. While coverage data were only obtainable for certain species, occurrence data
were collected for all the species observed. Notably, species like C. oblonga demonstrated
widespread and persistent presence, appearing on multiple settlement plates over several
months, warranting more attention. Occurrence rates have proven to be a reliable indicator
of species abundance. Moreover, simple monitoring of species presence on settlement
plates—a faster approach than detailed coverage analysis—can serve as an effective tool
for tracking population dynamics. Continuous year-round monitoring is crucial for the
early detection of newly introduced species, which is essential for implementing timely
and effective mitigation measures. This approach also provides valuable insights into
the settlement preferences of key species, enabling strategies to minimize ecological and
operational impacts. Annual ascidian monitoring can facilitate the development of a robust
database, offering more accurate predictions of problematic species occurrences, aiming for
more targeted preventive measures, and thus enhancing the sustainability and productivity
of aquaculture facilities, such as the ones in the Amvrakikos Gulf.
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