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Abstract: The aim of the current study was the assessment of a Polycyclic aromatic 

hydrocarbon (PAHs) toxicity on an ascidian species, Styela plicata. Acute and subacute 

toxicity of naphthalene (NAP) has been determined using five increasing concentrations 

(0.5, 1, 1.5, 2.5 and 5 mg/L) during 96 h of exposure. The half lethal concentration (LC50, 

96h) value of naphthalene for S. Plicata was 2.41 mg/L. Furthermore, the filtration activity 

decreased with the five tested concentrations of NAP; a significant decrease by 69 % and 

91.8 % was observed after 1h in the groups exposed to C1 and C5, respectively. A similar 

pattern was noted after 2h of filtration; the decrease was estimated to 39 % with C1 and 

72.5 % with C5. The results from this bioassay confirmed the toxicity of NAP on S. plicata; 

we also provided information about the use of S. plicata as a potential bioindicator species 

for the assessment of PAHs toxicity. 

Keywords: Styela plicata; Ascidiacea; acute toxicity; filtration; naphthalene; aromatic 

hydrocarbon; Ghar El Melh lagoon; Tunisia; Mediterranean. 

 
 

1. Introduction 

Styela plicata (Leseur 1823) is a solitary 

ascidian mostly found in harbours and 

lagoon near aquaculture farms (Lambert 

2002; Chebbi et al., 2010). It is a filter- 

feeding organism, commonly reported in 

the Mediterranean Sea, Pacific, Indian, 

and Atlantic Ocean (Pineda et al., 2011; 

Barbosa et al., 2018). Recent studies on 

ecotoxicology have proved the suitable 

use of S. plicata for the biomonitoring of 

aquatic pollution (Cima et al., 1996; 

Parrinello et al., 2017). Indeed, it was 

used to investigate the effects of heavy 

metal, Polychlorinated biphenyl (PCB), 

diesel oil and organic mercury (Maruyama 

et al., 1983; Aydın-Önen 2016; Parrinello 

et al., 2017; Barbosa et al., 2018). 

Moreover, the embryotoxicity of tributyltin 

(TBT) and triphenyltin (TPT) has been 
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assessed using this species (Cima et al., 

1996). 

In Tunisia, Styela plicata is recognized as 

a non-native species found in Bizerte 

lagoon and Gulf of Hammamet (Chebbi et 

al., 2010 a and b). 

 
The industrial revolution caused a 

hydrocarbonpollution, which has affected 

negatively the aquatic life (Almeida et al., 

2012; Abha and Singh 2012; Nikitha et al., 

2017). Among the most identified 

compounds in the aquatic environment, 

the Polycyclic aromatic hydrocarbon (Wu 

et al., 2011; Barhoumi et al., 2014; Mdaini 

et al., 2023). PAHs were 16 compounds, 

those toxicities were established on a 

number of aquatic species (Barhoumi et 

al., 2016; DeMiguel-Jiménez et al., 2022; 

Mdaini et al., 2023). 

 

In 1979, PAHs have been listed by the 

United State Environmental Protection 

Agency (US EPA) as priority pollutants 

(Wise et al., 2015). The toxicity caused by 

PAHs in aquatic organisms still occur till 

now, especially that caused by 

naphthalene, pyrene, anthracene and 

phenanthrene (Vieira and Guilhermino 

2012; Vasanth et al., 2012; Wang et al., 

2023). 

 
The current bioassay aimed to determine 

the toxicity of naphthalene in an ascidian 

species, Styela plicata. In this aim, five 

increasing concentrations of NAP have 

been used. Furthermore, the filtration rate 

was determined during 1 and 2h of 

activity. 

2. Materials and Methods 

2.1. Sampling site 

 
Specimens of Styela plicata, body length 

(40± 0.5 mm) were handly collected in 

2023 from a station situated in Ghar El 

Melh lagoon, Northern Tunisia (Figure. 1). 

 

 
Figure 1. Location of the sampling station (the star 

indicated the site of collection in the lagoon). AS: 

atrial siphon; BS: branchial siphon. 

 

2.2. Acute toxicity test 

 
Specimens of Styela plicata (N = 100) 

were first acclimated to the condition of 

the laboratory. The temperature was 

maintained to near 19°C, pH = 7.80 ± 

0.10, the photoperiod (12 h light: 12 h 

dark), and the salinity was 34‰. Filtered 

seawater was daily renewed, 10 

specimens were placed in aquarium of 

10L. Naphthalene (purity ≥ 99%) was 

purchased from Sigma-Aldrich, Co. (St. 

Louis, MO, USA).Acute and subacute 

toxicity of NAP were assessed using five 

increasing concentrations 0.5, 1, 1.5, 2.5 

and 5 mg/L of NAP selected based on 

results from previous studies 0.5, 1, 1.5, 

2.5 and 5 mg/L of NAP (Hansen et al., 

2008; Jing et al., 2020; Nayak and Patnaik 

2023). The oral siphon was stimulated 1 h 

before the administration of the 

contaminant and then every 24h during 

96h. The absence of response to 

mechanical stimulation is an indication of 

mortality (Barbosa et al., 2018). 

2.3. The Filtration rate (FR) 

 
After 96h of exposure to naphthalene, 

three specimens of Styela plicata were 

placed in 100 ml of neutral red solution (1 

g/L). Just before the beginning of the 

filtration activity, the concentration (C0) of 
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the neutral red was measured at 550 nm 

using UV-spectrophotometer (Multiskan 

GO). After 1 and 2h of filtration at dark 

room, the neural red concentrations (Ct) 

were measured. The neural red 

concentrations were extrapolated from a 

standard curve. The neural red retention 

was calculated following this equation: 

The Filtration rate (FR) = [M/nt] log 

(C0/Ct)(Coughlan 1969), where M is the 

volume of the test solution (ml), n is the 

number of ascidia, t is the time (hours), 

and C0 and Ct are the concentrations of 

the red neutral at the beginning and after 

1 and 2 h, respectively. 

2.4. Statistical analysis 

 

The sublethal concentration (LC50) was 

calculated with GraphPad Prism 5.The 

dose response relationship was tested 

with Pearson correlation test (p < 0.01). 

The difference in the filtration rate was 

tested by mean of Chi-square test in the 

software IBM SPSS Statistics v. 27. 

Significant differences were considered 

for (p < 0.05). 

3. Results 

 
3.1. Acute toxicity 

The findings from the acute toxicity test 

showed that ascidia mortality increased 

with the increase of NAP concentration, 

confirming a dose response relationship 

(Figure 2).This relationship was verified by 

Pearson’s correlation (r = 0.93; p < 0.01). 

The sublethal concentration (LC50) 

estimated for 96 h of exposure to NAPH is 

2.41± 0.35 mg/L (Figure 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Curve of dose–response obtained from 

the exposure of Styela plicata to naphthalene. 

 

3.2. Filtration rate 

 

The results from the filtration activity 

calculated in Styela plicata exposed to five 

concentrations of NAP after 1h and 2h is 

given in Figure 3. After 1hof filtration, the 

activity decreased by 69%, 50%, 49.6%, 

46.5%, and 94.8% with C1, C2, C3, C4 

and C5, respectively. After one additional 

hour of filtration activity, the still decrease 

sill  occurred  39%  (C1),  15.1%  (C2), 

20.8% (C3), 14% (C4), and 72.5% (C5). 

The most important decrease in the FR 

69% (1h), 39% (2h), and 91.8% (1h), 

72.5% (2h) was noted with C1 and C5, 

respectively (Figure 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Filtration rate in Styela plicata exposed to 

naphthalene during 96h. 
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4. Discussion 

 

Polycyclic aromatic hydrocarbon toxicity 

on the aquatic lifewas demonstrated 

owing to their bioavaolabity, and to the 

difficulty of biodegradation (Haritash and 

Kaushik 2009; Barhoumi et al., 2014). 

Toxicity caused by naphthalene was 

studied on microalgae (Chlorella vulgaris), 

crustaceans (Calanus finmarchicus and 

Artemia franciscana) and actinopterygians 

(Oncorhynchus mykiss, Pimephales 

promelas and Anabas testudineus) 

(DeGraeve et al., 1982; Hansen et al., 

2008; Kong et al., 2010; Sogbanmu et al., 

2018; Albarano et al., 2022). 

Nevertheless, none study was conducted 

on ascidian species. 

The sublethal concentration (LC50, 96h) 

calculated for S. plicata exposed to NAP 

was 2.41mg/L. This value is superior than 

values 1.6 mg/L by DeGraeve et al., 

(1982) in O. mykiss. The values 

calculated in Clarias gariepinus and P. 

promelas were however much higher than 

the  value  calculated  for  S.  plicata 

7.21 mg/l and 7.9 mg/L, respectively 

(DeGraeve et al., 1982; Sogbanmu et al., 

2018). 

Filter-feeding as sponges, some 

polychaetes, bivalves, and ascidians filter 

water in order to nutritional elements and 

for gas-exchange (Stabili et al., 2016). In 

ascidians, the filtration activity is 

nowadays proposed in water remediation 

(Stabili et al., 2016). It is also used as an 

endpoint in ecotoxicological studies 

(Kraak et al., 1994; Ray et al., 2020; 

Elyousfi et al., 2021). Sytela plicata 

exhibited a better capacity for water 

filtration than other ascidians species due 

to the anatomy of its branchial basket 

(Stabili et al., 2016). Our results showed 

that the filtration activity of S. plicata is 

significantly reduced due to naphthalene 

exposure. A similar response was noted in 

bivalves, the filtration activity decreased in 

contaminated specimens in order to 

reduce the bioaccumulation of xenobiotics 

(Kraak et al., 1994; Elyousfi et al., 2021). 

5. Conclusion 

The results from the present study 

reported the usefulness of the ascidian 

species (Styela plicata) as bioindicator in 

ecotoxicology. This non-native species is 

ubiquitous in various coastal ecosystems. 

Also, the selection of S. plicata is 

promoted by the intrinsic biological and 

ecological criteria of this species. Among 

which the filtration rate which could be 

used as an endpoint for ecotoxicological 

studies using this species. All the tested 

concentrations of naphthalene were found 

toxic on S. plicata; highest concentration 

(5 mg/l) was the most toxic. Information 

from this bioassay could serve in the 

future for the risk assessment of PAHs in 

the aquatic system using S. plicata as a 

model. 
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