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Supplementary Table S1.  

Table S1. Hearing threshold (Sound Pressure Level – SPL) data (dB re 1 μPa) for goldfish (Carassius auratus) using the auditory evoked potential (AEP) hearing method at 12 frequencies (200; 
250; 300; 400; 500; 600; 700; 800; 900; 1,000; 1,500; 2,000 Hz). Author: Lead author; Year: publishing year; AEP avg: The average hearing level at each frequency (dB); AEP sd: The standard 
deviation at each frequency (dB); AEP med: The median hearing level at each frequency (dB). Values in bold were calculated by averaging and scaling the hearing level at the two closed 
frequencies. 

 

 

Author Year 200 Hz 250 Hz 300 Hz 400 Hz 500 Hz 600 Hz 700 Hz 800 Hz 900 Hz 1000 Hz 1500 Hz 2000 Hz 
Amoser 2003 74.5 71.4 68.3 65.55 62.8 63.413  64.7  66.1  81.3 
Cordova 2007 90.3 88.375 86.45 82.6  80.9  81.3  76.5 90.1 93.7 
Gutscher 2011 81.25 77.62 75.2 71.6 68 66.313  63  69.2  97.7 
Kenyon 1998 73.3 71.05 68.8 63.9 64 64.1  64  64.6 71.5 80 
Kojima 2005 72.7 70.55 68.4 63.6 63.5 63.5  63.6  64.2 70.7 79.3 
Ladich 1999 71.9 69.925  64  64.147  64.337  64.5  78.3 
Lu 2002 83.8 82.4  79.147 76.8 77.4  78.6  79.8  106 
Ramcharitar 2006 84 82.5 81 73 71.5 67.5 70.4 67.6 68.5 74.4  77.9 
Ramcharitar 2010 63.4 62.4 61.4 71.1 77.2 75.5 86.9 81.7 92.4 85.1  85.9 
Smith 2004a 89.1 83.85  68.1  74.7  74.4  79.8  97.2 
Smith 2004b 79.4 78.3  75  75.3  78.4  79.2  90.3 
Smith 2006 101.6 97.1  83.6  79  80  79.3  104.1 
Smith 2011 84.027 82.7  76.8 75.9 65.4  65.9  64 72.6 93 
Suga 2005  87.4  84.1 81.9 82.88  84.84  86.8  93.4 
Wysocki 2005 76.3 73.98  68.553 64.7 65.14  66.02  66.9  85.9 
Yan 2000   69.1 66.8 64.5 64.4  64.2  66.414 71.8 86 

              
              
AEP avg  75.29153 77.2048 71.07 70.05938 70 69.26831 79.35 71.46813 83.06667 73.6125 82.3125 90.81456 
AEP sd  8.051397 11.12149 10.29867 9.056757 9.904544 9.311813 6.808451 10.3274 10.4353 9.424826 15.48188 14.75259 
AEP Med  74.5 76.14 68.6 68.9265 68.1 67.0265 80.75 66.81 88.3 75.4 81.85 89.65 
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Supplementary Fig. S1  

Sound pressure level (SPL) maps of the submerged arena. The speaker was placed 70 cm below the tank and played at 250 Hz; 400 Hz; 600 Hz; 800 Hz; 
1,000 Hz; 2,000 Hz. The SPL was mapped, and the SPL was calibrated at 145 dB re 1 µPa in the centre of the arena. Each figure is titled by the frequency 
played and the depth of recording.  
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Supplementary Fig. S2 Particle acceleration (PA) maps of the submerged arena at 15 cm depth. The speaker was placed 70 cm below the tank and played at 
250 Hz; 400 Hz; 600 Hz; 800 Hz; 1,000 Hz; 2,000 Hz. The SPL was calibrated at 145 dB re 1 µPa in the centre of the arena and PA was calculated (see Holgate 
et al., for calculation). Each figure is titled by the frequency.  
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Supplementary Table S2 

Random effects included in generalized linear models developped to determine if external factors affect the presence of a startle response to 120 ms pure 
tones (treatments of 250, 400, 600, 800, 1000, 2000 Hz and 115, 125, 135, 145 dB re 1 μPa)  in goldfish. 

 

 

 

 

Supplementary Table S3 

Variables included in generalised linear models developped to determine if external factors affect the presence of a startle response to 120 ms pure tones 
(treatments of 250, 400, 600, 800, 1000, 2000 Hz and 115, 125, 135, 145 dB re 1 μPa) in goldfish. 

 

 

 

 

a The null model is shown without any predictor variables and only models with ΔAIC < 7 are shown [Burnham and Anderson, 2002]. 
b Exposure (the nth stimulus played 1-6); tank days (minimum number of days in the husbandry tank); time (the beginning of the trial to the nearest hour); 
temp (experimental tank temperature, °C). 

 

 

Random Effect Std. dev AIC 
Null - 506.31 
Exposure:Trial <0.001 510.3 
Trial 0 508.3 
Exposure <0.001 508.3 

 Variables in Modelb   
Modela Exposure Tank Days Time Temp AIC ΔAIC 
Null     506.31 0.00 
1 x x x x 511.57 5.26 
2 x x x  509.61 3.30 
3  x x  508.07 1.76 
4   x  506.86 0.55 
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Figure 4.   The set-up of an experimental study conducted to investigate the startle reaction of a goldfish in 
response to 120 ms tones at six frequencies and four sound pressure levels. The fish were constrained within test 
cylinder positioned within a large tank (8 m width × 8 m length × 5 m depth). The transducer was suspended 
70 cm below the tank, and a hydrophone placed 15 cm below the water level (dotted line) at a distance of 20 cm 
from the cylinder wall.
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