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Effect of Ultrasound on the Growth and Short-term Behaviour of the Carp, Cyprinus carpio.
Yoon, Sung-Jin, Dong-Hyuk Yeom*, Woo-Keun Kim, Hong-Gil Yun and Sung-Kyu Lee
(Ecotoxicology Research Team, Korea Institute of Toxicology, Korea Research Institute of
Chemical Technology, 100 Jangdong, Yuseong-gu Daejeon 305-343, Korea)

In this study, mortality, body wet weight, health assessment, and short-term behav-
ioral mode were observed to determine the effects of ultrasound on the ecological
response of the carp Cyprinus carpio. Mortality in the treatments was less than 5%
during ultrasound exposure (81 dB re 1 yPa, 14~ 15 kHz) and there were no signi-
ficant differences among the replicates (P>0.05). The treatments, based on mean wet
weight, exhibited greater effect than the controls, but the magnitude of the differ-
ences was not large. Skins and tail fins of some test animals exposed to the controls
and intensive treatment groups had light injury such as hemorrhaging, whereas,
damages in other organs such as eyes, other fins, parasites, thymus, and gills were
not observed (P>0.05). Sudden stimuli in low intensity at a short distance caused a
directional avoidance of the fish from the sound. However, the carp exposed to
ultrasound at the large scale field was not observed clear behavior changes. Overall
results suggest that fish exposed to the low-intensity ultrasound had no serious
stress during the tests.
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Fig. 1. Position of experimental fish cage. C: Control, TL:
Low treatment, TH: High treatment. Arrow indi-
cate direction of ultrasound delivery.
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Table 1. Factors of fish health assessment (Adams et al.,

1993).
Items Variables condition Score
No aberrations; good “clear” eye 0
Generally, an opaque eye (one or both) 30
Swollen, protruding eye (one or both) 30
Hemorrhaging or bleeding in the eye
Eyes (one or both) 30
Missing one or both eyes 30
Other: any manifestation not fitting
30
the above
Normal: no aberrations 0
. Mild skin aberrations 10
Skins . .
Moderate skin aberrations 20
Severe skin aberrations 30
No active erosion 0
Light active erosion
(no evidence of hemorrhage or 10
Fins secondary infection)
Moderate active erosion with
. 20
some hemorrhaging
Severe active erosion with hemorrhaging 30
No observed parasites 0
Parasites Few observed parasites 10
Moderate parasite infestation 20
Numerous parasite 30
No hemorrhage 0
Thymus Mild hemorrhage 10
of Moderate hemorrhage 20
Severe hemorrhage 30
Normal: no apparent aberrations 0
Frayed: erosion of tips of gill 30
lamellae resulting in “ragged” gills
Clubbed: swelling of the tips of the 30
Gills gill lamellae
Marginate: gills with light, discolored
: . 30
margin along tips of the lamellae
Pale: very light in color 30
Other: any observation not fitting above 30
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Table 2. Experimental conditions of fish behavior obser-
vation. Standard deviation (+SD) is given in

parentheses.
Group-1 Group-2

Temperature (°C) 15.3(0.5) 15.1(0.7)
pH 7.8 7.8
Photo intensity nature nature
Mean total length (cm) 3.5(1.0) 10.0(1.0)
Experimental water tap water tap water
Volume of experimental

chamber (L) 80 80
Number of fish per experiment 4 4
Number of experiments 2 2
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Fig. 2. Schematic (not to scale) of apparatus used to obs-
erve behavior response in test animal. 1: Ultra-
sonic controller. 2: computer for display and data
storage. 3: CCTV camera 4: ultrasound transducer.
5: observation chamber. 6: screen for fish escape
prevention. 7: experimental fish. 8: two dimension
area recorded by CCTV camera. Arrow indicate
direction of ultrasound delivery.

% SI7|H dEo o=

o5l 247
5 Sasiodnh o7 5L AN A8 A%
2479 FA 252 Aste] HASeAh AP L 3
Fg7) F49) A9 Aot 2Fe) gk AeelA
3 <, COTV 7olehe olgated 4 $1olA o}
BEs HASRoH, of F 2e%E PANA 534 3
0% E<t 4B ABARE FHstoleh AYAS:
ATAIA SAT A FAT Bz LA

rLr:i

w

DO

I

xZo] o% AHA S4As

1) XA
=277 B AP AR AAee dx
23 259 Aol FANe) 1~2vt] 2 epton,
A2 BT 5% v]Tke|lek. Z7te] A HE A
B9, P a2ge HF AR L7%0]31 o™, -]l
AE HF 1.7%, IAHZAME FF 3.3%2A ML

L 259

Table 3. Cumulative mortality observed each treatment
cage during experiment. Standard deviation (£
SD) is given in parentheses.

Low High
Control treatment treatment
Mean mortality (%) 1.7(2.9) 1.7(2.9) 3.3(12.9)
Number of.ﬁsh 20 20 20
per experiment
Total number
of fish 60 60 60
25
= Start of the exposure experiment
3 End of the exposure experiment
20
C
TED 15 | l
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Fig. 8. Variation of wet body weight (g) in each treatment
during the experiment.
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Table 4. Health assessment exposed to the ultrasound
during the experiment. Standard deviation (&
SD) is given in parentheses.

Control  Low treatment High treatment

Eyes 0 0 0

Sking 0.5(2.2) 0 1.0(3.1)
Fins 0.5(2.2) 0 1.5(4.9)
Parasites 0 0 0
Thymus 0 0 0

Gills 0 0 0

Mean score 0.5(2.2) 0 1.3(4.3)

Ccv 44 0 3.3

CV: Coefficient of variation
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Fig. 4. Behavior response of 4 carp Cyprinus carpio before and after ultrasound exposure (1.0 m distance) at the
laboratory. A: behavior patterns of experimental fish (Group-I) in stable condition. B: behavior response of fish
(Group-I) after ultrasound exposure (1.0 m distance). C: behavior patterns under stable condition (Group-II) D:
behavior response of fish (Group-II) after ultrasound exposure (1.0 m distance). White and black arrows indicate
directions of ultrasound and fish movement tracks, respectively.
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Fig. 5. Behavior response of 4 carp Cyprinus carpio before (A) and after (B) ultrasound exposure (1.0 m distance) at the
study area. White and black arrows indicate directions of ultrasound and fish movement tracks, respectively.
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Table 5. Behavioral response of fish exposed to different ultrasound intensity.

: Approximate threshold Behavioral response
Species Frequency (kHz) (dB re 1 Pa) (unconditioned)
*
Carp . 14~15 31 Avoidance, school formatio
Cyprinus carpio
1
GOIdﬁSb 50 Unknown Unknown
Carassius auratus
3 2
American shad 25~130 145 Directional avoidance, tight school formation
Alosa sp.
Herring?® 10, but sometimes Unknown, transducer . o
Clupea harengus higher source level was 132dB Avoidance, probably directional
Cod* 38 195 Avoidance (unpublished), also to
Gadus morhua short-duration pulses (100~200 us)
50 203

*This study, "Offutt (1968), 2Dunning ef al. (1992), *Kraus et al. (1997), *Astrup and Mghl (1993)
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