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Construction of a Data Bank for Acoustic Target Strength
with Fish Species, Length and Acoustic Frequency
for Measuring Fish Size Distribution

Dae-Jaec LEE* and Hyeong-I1 SHIN
Department of Marine Production System Engineering, Pukyong National University,
Busan 608-737, Korea

A prerequisite for deriving the abundance estimates from acoustic surveys for commercially important fish
species is the identification of target strength measurements for selected fish species. In relation to these
needs, the goal of this study was to construct a data bank for converting the acoustic measurements of
target strength to biological estimates of fish length and to simultaneously obtain the target strength-fish
length relationship. Laboratory measurements of target strength on 15 commercially important fish species
were carried out at five frequencies of 50, 70, 75, 120 and 200 kHz by single and split beam methods
under the controlled conditions of the fresh and the sea water tanks with the 389 samples of dead and
live fishes. The target strength pattern on individual fish of each species was measured as a function of
tilt angle, ranging from -45° (head down aspect) to +45° (head up aspect) in 0.2° intervals, and the averaged
target strength was estimated by assuming the tilt angle distribution as N (-5.0°, 15.0°). The TS to fish
length relationship for each species was independently derived by a least-squares fitting procedure. Also,
a linear regression analysis for all species was performed to reduce the data to a set of empirical equations
showing the variation of target strength to a fish length, wavelength and fish species. For four of the
frequencies (50, 75, 120 and 200 kHz), an empirical model for fish target strength (7iS, dB) averaged over

the dorsal sapect of 602 fishes of 10 species and which spans the fish length

(2L, m) to wavelength (4,

m) ratio between 5 and 73 was derived: 7S = 19.44 Log(L) +0.56 Log(2) —30.9, (r=0.53).
Key words: Averaged target strength, Length and frequency dependence, Single and split beam methods, Laboratory

measurement, Data bank construction
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Fig. 1. Schematic block diagrams of a single beam (A) and
a split beam TS measuring systems (B).
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Fig. 2. Layout of the program developed for data acquisition and processing, system parameter setting and tilt control of

fish.
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Table 1. Biological composition of fish species used in the target strength measurement at five frequencies of 50, 70, 75,

120, and 200 kHz

Common name Species Length range (cm) Weight range (g) Number of fish
Chub mackerel Scomber japonicus 26.2- 38.3 215-950 35
Japanese horse mackerel Trachurus faponicus 16.8- 34.3 90-635 27
Large yellow croaker Larimichthys crocea 24.3- 37.6 198-810 31
Pacific herring Clupea pallasii 19.3- 26.0 100-235 9
Silver pomfret Pampus argenteus 16.9- 24.8 130-465 27
Red seabream snapper Pagrus major 19.4- 42.5 205-1,570 10
Konoshiro gizzard shad Konosirus punctatus 12.4- 26.0 25-235 41
Black scraper Tramnaconus modestus 13.7- 38.6 55-755 59
Spotted mackerel Scomberomorus niphonius 37.8- 545 490-1,325 20
Tanaka's snailfish Liparis tanakai 44.5- 515 1,020-1,050 i 16
Schiegel's black rockfish Sebastes schiegeli 17.5- 32.0 89-380 29
Goldeye rockfish sebastes thompsoni 18.5- 28.0 86-365 35
Largehead hairtail Trichiurus lepturus 74.0-110.0 290-700 26
Japanese flying squid Todarodes pacificus 22.5- 26.1 275-380 14
Japanese spineless cuttlefish Sepiella japonica 7.9- 16.3 62-540 10
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Fig. 3. Averaged target strength patterns for large yellow croaker at 50, 75,
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Fig. 4. TS frequency distributions for large yellow croaker at 50, 75, 120 and 200 kHz.
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Fig. 5. Averaged target strength patterns for chub mackerel, Japanese horse mackerel, Pacific herring, spotted mackerel,
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Table 2. Linear regression equations for the relationship between mean target strength and fish length for 15 species at

five frequencies of 50, 70, 75, 120 and 200 kHz

TS equation TS=a Log(L)-b a=20
Beam type

Species, Frequency (kHz) a b r bao r?
50 27.9 79.5 0.58 67.2 0.52 single
75 28.6 83.2 0.68 69.9 0.64 single
Chub mackerel 120 27.1 77.7 0.67 66.9 0.54 single
200 25.6 79.8 0.72 711 0.66 single
50 18.6 66.8 0.57 68.9 0.59 single
Larae vellow croaker 75 19.6 68.4 0.52 68.8 0.54 single
gey 120 18.6 66.7 0.51 68.8 0.54 single
200 20.7 731 0.60 72.0 0.54 single
50 31.3 90.0 0.67 74.6 0.53 single
Silver pomfret 75 28.4 94.4 0.38 82.9 0.23 single
P 120 31.0 88.6 0.73 73.6 0.56 single
200 32.8 94.9 0.62 77.4 0.46 single
50 29.6 824 0.61 68.0 0.56 single
Japanese horse mackerel 75 24.3 76.1 0.93 69.7 0.84 single
P 120 311 82.2 0.58 65.6 0.48 single
200 34.2 93.3 0.68 721 0.53 single
50 283 85.3 0.56 72.0 0.46 single
75 31.9 96.9 0.58 76.9 0.50 single
Spotted mackerel 120 30.9 89.1 0.50 70.6 0.39 single
200 33.9 99.5 0.52 76.1 0.41 single
50 29.9 82.6 0.65 68.2 0.46 single
Black scraper 75 26.8 82.8 0.70 72.2 0.53 single
p 120 26.5 73.0 0.62 62.9 0.51 single
200 29.8 89.8 0.63 745 0.46 single
Tanaka's snailfish 75 355 99.0 0.56 72.9 0.43 single
Konoshiro gizzard shad 75 31.2 87.7 0.82 71.9 0.64 single
Red seabream snapper 75 18.9 67.1 0.80 68.9 0.70 single
Pacific herring 75 28.3 83.1 0.54 715 0.46 single
Japanese flying squid 75 49.0 105.9 0.35 65.5 0.24 single
Japanese spineless cuttlefish 75 31.2 70.8 0.96 57.7 0.81 single
i 70 17.1 68.2 0.37 72.0 0.32 split
Goldeye rockfish 120 244 737 0.59 67.7 0.64 split
, 70 19.4 70.5 0.71 71.3 0.70 split
Schlegel's black rockfish 120 22.4 70.4 0.64 66.9 0.57 split
70 241 725 0.90 66.9 0.76 split
Black scraper 120 22.3 68.1 0.87 64.8 0.76 split
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