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ABSTRACT 
 
 
Several field and laboratory studies evaluating the effects of sound on fish have shown that 

increased ambient sound levels could alter their habitat selection, behaviour, and ecology. Maritime 

traffic, even if it is characterized by low powers of emissions, is undoubtedly the most impactful 

environmental source because the most widespread, continuous and omni-directional. The impact of 

underwater noise on marine fishes is not enough understood and further information is needed to 

evaluate or predict any negative effects. The present study aims at investigating the motility and 

biochemical responses of 14 sub-adult European sea bass (Dicentrarchus labrax) and 14 sub adult 

gilthead sea bream (Sparus aurata) exposed to an experimental acoustic stimulus, mainly produced 

by vessel traffic and perceptible by majority of fishes, To evaluate the effect of the acoustic 

stimulus, the movement, blood glucose, blood lactate, haematocrit, albumin, cholesterol, total 

proteins, total bilirubin and tryglycerids values were assessed. 

Fishes were singularly placed into a sea cage in a natural harbour and exposed to a linear sweep of 1 

second with an initial and final frequency respectively of 0.1 and 1 kHz repeated for 10 minutes 

without pause. The maximum sound pressure level of the single sweep was 150 (dBrms re 1µPa). 

After 10 minutes of stimulus projection, fish was captured for blood sampling procedure. All 

specimens were recorded for 10 minutes with two underwater video cameras for the evaluation og 

the fish mobility. 

On whole blood the immediate assessment of glucose and lactate with a portable blood glucose 

analyser and blood lactate analyser were performed. On serum samples were measered Albumin, 

Cholesterol, Total Proteins, Total Bilirubin and Tryglycerids contents.  

The noise exposure produced a significant increase in motility as well as an increase in lactate and 

haematocrit levels in sea bream and sea bass. A significant decrease of glucose was only observed 

in sea bream. No statistical differences were observed in Albumin, Cholesterol, Total Proteins, 

Total Bilirubin, Tryglycerids values between Control and Test groups both of sea bream and sea 

bass. The analysis of sea bream and sea bass motility and some haematic parameters indicates a 

disturb impact on the subjects exposed to acoustic stimulus.  
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1. INTRODUCTION AND BACKGROUND 
 
During the last 50 years, the increase of anthropogenic activities led to a considerable increase in 

the ambient noise (Hildebrand 2009, Ross 2005) that altered the "soundscape" on a global scale and 

the current estimate is that the noise in the oceans due to shipping is increasing at about 0.4 dB per 

year (Ross, 2005). The noise pollution produced by the maritime traffic is characterized by signals 

that cover a wide range of frequencies. The signals generated mainly by container ships, ferry boats, 

boats for recreational activity, fishing boats and research vessels are focused around the low 

frequencies. Other acoustic signals generated at low and high frequencies are produced by the 

equipment used by ships, fishermen, oil industry, oceanographers, geologists, meteorologists. For 

example, the sonar used by fishermen (sonar) became an essential tool for searching fish schools.  

Recently, there has been an increased interest in the effects of anthropogenic noise on marine fish 

(Popper, 2003). Several field and laboratory studies evaluating the effects of sound on fish have 

shown that increased ambient sound levels could alter their habitat selection, behaviour, and 

ecology (Engås et al., 1996; Knudsen et al., 1994; Pearson et al., 1992; Popper, 2003; Sand et al., 

2000; Tolimieri et al., 2002). Noise pollution can cause negative effects on fish physiology and 

welfare, such as reduced growth rates (Sun et al., 2001), hearing damage (Amoser and Ladich, 

2003; Codarin et al., 2009; Enger, 1981; Hastings et al., 1996; McCauley et al., 2003; Scholik and 

Yan, 2001) and stress response (Bart et al., 2001; Engas et al., 1996; Myrberg, 1980; Popper et al., 

2005; Smith et al., 2004; Wysocki et al., 2006). 

For example, pacific herring (Harengus pallasi) exhibited alarm responses in reaction to motorboat 

noise (Schwarz and Greer, 1984). Pearson et al. (1992) found that sounds from seismic surveys can 

affect rockfish (Sebastes spp.) behaviour, and similar effect on Atlantic cod (Gadus morhua) and 

haddock (Melanogrammus aeglefinus) was documented (Engås et al., 1996). Smith (2004) 

examined the short- and long-term effects of increased ambient sound on the stress and hearing of 

goldfish (Carassius auratus). Kastelein et al. (2008) demonstrated that the 50 % of startle responses 

of sea bass to pure tone signals ranged between 0.1 and 0.7 kHz at 0-30 dB above the hearing 

thresholds. Moreover, Santulli et al. (1999) observed variations in typical primary and secondary 

stress parameters in different tissues of Dicentrarchus labrax exposed to air gun detonations. 

Maritime traffic, even if it is characterized by low powers of emissions, is undoubtedly the most 

impactful environmental source because the most widespread, continuous and omni-directional 

(Figure 1).  
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Since acoustic signals in the band 50-1000 Hz are perceived by the majority of fish species (Popper 

et al., 2003) and there is an increase in low-frequency ambient noise at an average of about 0.4 dB 

per year, as results of increase of world shipping (Ross, 2005), an increasing impact on fish welfare 

could be assumed. While the effects of such anthropogenic sounds on marine mammals have been 

described (Myrberg, 1980; National Research Council, 2000; 2003; 2005; Richardson et al., 1995), 

the impact of underwater noise on marine fishes is not enough understood and further information is 

needed to evaluate or predict any negative effects (Popper et al., 2004). 

In this contest, previous studies have shown that acoustic stimulation can affect fish behaviour but 

the physiological consequences were poorly studied. 

 

1.1 Objectives 
 

The present study aims at investigating the motility and biochemical responses of European sea bass 

(Dicentrarchus labrax) and gilthead sea bream (Sparus aurata) exposed to an experimental acoustic 

stimulus, mainly produced by vessel traffic (Ross, 2005) and perceptible by majority of fishes, To 

evaluate the effect of the acoustic stimulus, the movement, blood glucose, blood lactate, 

haematocrit, albumin, cholesterol, total proteins, total bilirubin and tryglycerids values were 

assessed.   

Figure 1. Global marine traffic representation (Halpern et al., 2008) 
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2. MATERIALS AND METHODS 
 

2.1. Collection and housing of animals 
 

The study was carried out from July to September 2008 at the harbor of IAMC–CNR Detached Unit 

of Capo Granitola (Campobello di Mazara, Italy) (Fig. 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

14 sub-adult European sea bass (Dicentrarchus labrax) weighing 189.4 ± 80 g with a body length 

of 26.2 ± 3.3 cm, and 14 sub adult gilthead sea bream (Sparus aurata) weighing 172.6 ± 23.7 g with 

a body length of 22.9 ± 0.9 cm were used for the study. 

Three months before the beginning of the experiment, upon arrival at the laboratories from the 

marine fish farm of Trappeto (Palermo, Italy), fish were placed in acclimation circular tanks 

(diameter: 3 m, depth: 1 m, volume: 5000 l) (Fig. 3), with re-circulated and filtered seawater with a 

constant flow of water at a rate of 25 ± 3.7 l min–1 (mean ± SD). The animals were fed commercial 

pellets daily. The specimens were deprived of food for 2 days before the start of the experimental 

trials. All animals were kept under natural photoperiods. 

 

Figure 2. Harbor of IAMC-CNR, Detached Unit of Capo Granitola 
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2.2. Rationale and experimental procedures 
 

During the experimental phase, sea bass and sea bream were randomly assigned to two different 

groups: control (group A) and experimental (group B). Fishes were singularly transported into 

plastic floating platform (Fig. 4) that supported a sea cage as shown in Figures 5 and 6. This 

structure was located in the circular natural harbour of Capo Granitola (with a diameter of about 

200 m and a bathymetry of 3 m). 

Figure 3. Acclimation circular tank 

Figure 4. Plastic floating platform placed into the harbor of Capo Granitola 
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Figure 5. View from above of the sea cage 

Figure 6. Lateral view of the sea cage 



11 
 

Fish were put into the cage and left there for one hour acclimation (Fig. 7) 

 

 

A research cabin was placed 8 m apart of the sea cage (Fig. 8). The cabin housed the sound 

generation, video and sound recording equipment. 

 

Figure 7. The operator is putting the fish inside the cage 

Figure 8. The wood research cabin 
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One hour later, specimen was recorded for 10 minutes with two underwater video cameras (model 

RE-BCC6L, DSE, Italy), both mounted out of the cage, respectively at the middle of the depth, and 

at the top of the cage (Fig. 9), so that the total of water volume in the cage was visible. During video 

and sound recording, the specimen of group B was submitted to acoustic stimulus.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3. Acoustic stimulus 
 

A linear sweep of 1 second with an initial and final frequency respectively of 0.1 and 1 kHz was 

emitted. Sweep was repeated for 10 minutes without pause. The spectrogram of 5 seconds of 

emitted signal is shown in Figure 10.  

 

 

 

  

Figure 9. Schematic view of the experimental design: (1) sea cage, (2) two underwater video- 

cameras, (3) hydrophone inside the cage, (4) underwater loudspeaker. 
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Figure 10. Spectrogram of the sweep signal. Time in seconds and frequencies in Hertz, are given 

respectively along x and y-axis. Amplitude is done in dB (re 1µPa2/Hz) by color scale. The 

sampling frequency of signal is 100 kHz, the size of FFT is 2048 points and the window type is 

cosine tapered. 
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Signals, generated by a waveform generator (model 33220A, Agilent Technologies, Santa Clara, 

CA, United States) (Fig. 11), were amplified (model PA-4000 Inkel, Chonan City, Korea) and 

emitted using an underwater loudspeaker (model UW30, Lubell, Columbus, Ohio, USA) (Fig. 12) 

with a 100Hz - 10kHz rated frequency response. 

 

 

 

 

 

 

 

 

Figura 11.  Waveform generator 

 

Figura 12. Underwater loudspeaker 
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The acoustic stimulus was recorded using a calibrated hydrophone (TC4034, Reson, 

Slangerup, Denmark) positioned inside the cage (1 m deep) at 5 m from the underwater speaker. 

The hydrophone was connected to a digital acquisition card (Ni DAQCard-6062E, National 

Instruments, United States). The signals were acquired at 100 kilosamples per second at 16 bits and 

analysed with a routine procedure developed by the Inter-disciplinary Group of Oceanography (GIO 

at CNR-IAMC, Capo Granitola, Italy) using LabView rel. 7.1 (National Instruments, United 

States). The maximum sound pressure level of the single sweep was 150 (dBrms re 1µPa).  

 

2.4. Blood collection procedure and biochemical analysis 
 

After 10 minutes of stimulus projection, fish was captured for blood sampling procedure.  

A standardized handling procedure for each sea bass and sea bream was applied in order to 

minimize the stress produced during the blood sampling. After of video recording, the fish was 

captured from the experimental cage and immediately anesthetized with 2-phenoxyethanol (0.4 ml 

L-1) in a 10-litre tank (Fig. 13).  

 

 

 

 

Fish reached stage V of anaesthesia (Summerfelt and Smith, 1990) within 1-2 minutes. Immediately 

after the stunning procedure, sea bream and sea bass were weighed and measured, and finally 

underwent venipuncture for blood collection. The blood samples were collected the from the caudal 

vein using 1-ml syringes with 25 G X 1 1/2 needles in less than 2 min for each fish (Fig. 14). Time 

elapsing from capture to blood collection was less than 3 minutes. 

Figura 12. Capturing and stunning procedures 
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On whole blood the immediate assessment of glucose and lactate with a portable blood glucose 

analyser (Accu-Chek Active, Roche Diagnostics GmbH, Mannheim, Germany) and blood lactate 

analyser (Accusport, Boehringer Mannheim, Germany) were performed (Fig. 15). 

 

 

 

Figure 13. Blood sampling collection 
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A Select-A-Fuge Model 24 blood micro hematocrit centrifuge (Bio-Dynamics, Inc., Indianapolis, 

United States) at 3600 rpm for 5 minutes was used to assess the haematocrit value. 

For each fish, a part of blood sample was stored in eppendorf tubes (1 ml Eppendorf, MBL 

International Corporation, Woburn, MA USA) with no additive after clotting and centrifugation at 

3000 rpm for 10 min at 4 °C measurements. Serum samples were split into several aliquots and 

frozen at -20 °C for determination of Albumin, Cholesterol, Total Proteins, Total Bilirubin and 

Tryglycerids values. 

After blood collection procedure, the fish was transferred into a tank where was released after 

complete recovery. The experimental procedure was replicated for each specimen of sea bream and 

sea bass.   

 

2.5. Video monitoring system and analysis 
 

Video recording was carried out to evaluate the fish motility.  

Two grids were affixed on the sides of the sea cage monitored by the cameras, each comprising nine 

quadrants, to analyze the movements of fish along the three axes of the space: x, y and z (see Fig. 

16).  

Figura 14. Glucose- and Lactate-meter 
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The images from the two cameras were synchronized and fish movements were analysed from the 

video recordings (Fig. 17).  

 

Figure 16. Grids affixed on the sides of the sea cage 

Figure 17. Video-recording desk 
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The transit of the specimen from one quadrant to another of the grid was recorded and noted 

manually (Fig. 18). A focal animal sampling technique of Altmann (1974) modified was used in 

continuous during the 10 minutes of the recording period, analyzing the images in slow motion.  

For each minute of sampling we recorded a value (as sum of the movements along x, y, and z axis), 

to obtain 10 values for specimen.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 18. Movements noting process example 
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2.6. Statistical analysis 
 

Unpaired T-test was used to determine significant differences in blood glucose, blood lactate, 

haematocrit Albumin, Cholesterol, Total Proteins, Total Bilirubin, Tryglycerids values and 

Movements (as the total movements during each minute of sampling for all specimens) between 

group A and group B of sea bass and sea bream.  

A linear regression model (y = a + bx) was applied on the total movements (during 10 minutes of 

sampling) and the values of biochemical of each fish, in order to determine the correlation degree in 

group A and group B.  

P < 0.05 was considered statistically significant. 
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3. RESULTS AND DISCUSSION 
 

The results obtained during motility sampling procedure showed that the movements observed in 

group B of sea bream and sea bass were significantly higher (respectively P < 0.0001 and P < 

0.001) than those regarding the group A subjects (Fig. 19).  

 

 

 

 

In sea bream, statistical differences with significantly (P<0.05) lower glucose levels were observed 

in group B in comparison to group A levels, with a difference of 34.41 mg dl-1. Blood lactate 

exhibited significantly increased values (P < 0.05) in group B compared to group A.  

In sea bass, noise exposure did not significantly affect glucose levels between group A and B (P < 

0.94). Blood lactate, indeed, showed significantly higher levels (P < 0.01) in group B. 

In both species, significantly higher levels of haematocrit value were recorded in group B in 

comparison to group A levels (sea bass: P < 0.05; sea bream: P < 0.01), with an increase of 15.3 % 

and 8.9% for sea bream and sea bass respectively. 

Figure 19. Mean value of total movements per minute and statistical significance 
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Mean ± SEM of blood lactate, haematocrit value and blood glucose recorded in group A and group 

B of sea bream and sea bass are showed in Figure 20.  

 

 

  Sea bream 

Sea bass 

Figure 20. Mean ± SEM of blood lactate, haematocrit value and blood glucose of sea bream and sea bass 
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As reported in Figure 21, no statistical differences were observed in Albumin, Cholesterol, Total 

Proteins, Total Bilirubin, Tryglycerids values between Group A and Group B both of sea bream and 

sea bass. 

 

 

 
 

 

 

 

 

 

 

 

  

Sea bream 

Sea bass 

Figure 21. Mean ± SEM of Albumin, Cholesterol, Total Proteins, Total Bilirubin, Tryglycerids values of sea 

bream and sea bass 
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The analysis of sea bream and sea bass motility showed an increased swimming activity, indicating 

a disturb impact on the subjects exposed to acoustic stimulus.  

Although no changes were observed in Albumin, Cholesterol, Total Proteins, Total Bilirubin, 

Tryglycerids values of both species and blood glucose levels of sea bass, haematic parameters 

results with a decrease of blood glucose in the sea bream and an increase of blood lactate and 

haematocrit value in both species exposed to the acoustic stimulus, support and confirm the motility 

observations.    

In conclusion, the results from this study showed that the anthropogenic noise at low frequencies 

could represent a disturb factor influencing swimming activity and energy budget of fishes.  
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