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Trematomus bernacchii, a dominant benthic notothenioid in the Ross Sea, plays a key role in Antarctic coastal food
webs. It has no swimbladder and its acoustic target strength (TS) fundamentally differs from that of swimbladdered
fish. Therefore, species-specific TS estimation is essential when assessing acoustic biomass. This study applied the
Kirchhoft Ray Mode (KRM) model to estimate the frequency-dependent TS at 38, 70, 120, and 200 kHz using
morphological contour data collected from the Terra Nova Bay polynya in March, 2024. The results show a typical
broadside-dominant scattering pattern, with a peak TS near the 0° tilt and decreasing responses at larger angles. At
higher frequencies, the increased ka ratios amplified the tilt-angle sensitivity, whereas responses at 38 kHz were com-
paratively stable across tilt angles. Despite the low to moderate regression fits, this study provides the first frequency-
specific TS relationships for a swimbladderless Antarctic benthic fish species, as well as baseline parameters for
acoustic-based distribution mapping and biomass estimation under the CCAMLR ecosystem monitoring framework.
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Fig. 1. Map of Terra Nova Bay polynya (TNBP) near Jang Bogo Station, Antarctica, showing the sampling location of Trematomus bernac-

chii (circle).
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Fig. 2. X-ray radiographs demonstrating the absence of a swim

bladder in the specimen, obtained using a Vetter-DRO digital ra-
diography system (MEDIEN International Co., Ltd., Anyang, Re-
public of Korea).

I} o] @R

ngaloglo 2 N (6)

o714, at= 7127, b= A, L A (em) ek, E,
TS| Ag X7} A150] Agol wleRIeRe 71 e Qs
o) SR AL A (72} o] ek gict.

TS=20 [0g, Litb,, +voeeevereseeesesenen: (7)

KRM 212 oje} el g Al Huje] gho.2 Ateto]
SR =S Tk Zdol ANt oWEE=EA]9] A7
7t gli= olFol7] wizoll = @%%? o -e|of] Thgh 4
A2 A AR TK(Fig. 2). EE, tid =] Wb ef S<5H] 7}
I a517] ol i ol A= Fal7h gl ol Foll tiet A%
AT AE ol-&sto] W9} 345815 242 1.010, 1.025=
28319 th(Gorska et al., 2005).

i

oﬂﬂﬂ%ﬁE%x] 35mte] o] A 17.9-28.2
(Avg. 24.0 cm) A2 59.2-304.4 g (Avg. 195.8 g)2] H
ol BckTable 1). YT HAZo| ATUAS B4 2
3}, Wgo] Z7kel et Aol MR Frlehe A
& s ABAE 2Ue 48 57 B4 dns
W=0.0349TL>""" (R*=0.6036)= L}EFFTHFig. 3).

2 Ate] A
m

RpAlZE a0l w2 42 o2 =ER|ol TS
KRM 298 o] §3}o] o253 o] 24|7H(45-45)0]



orHEEA 9

w2 7}

FASHCHFig. 4). 212
311 98- ofu|afu,

0]
==

24O uh= Hel7t oy,
& AHHIE Lhehiet. of

o
Iy
fft
I
=
é
u
N
=
k=)
i
jlle
ot
22

Table 1. Morphometric characteristics of Trematomus bernacchii
collected near Jang Bogo Station, Terra Nova Bay in March 2024

No TL(cm) BlL(cm) W(cm)  H(cm) Wit(g)
1 19.5 16.8 4.1 54 158.5
2 241 20.0 4.9 6.2 157.9
3 244 215 6.1 6.5 201.7
4 22.8 20.0 5.8 7.2 183.5
5 23.0 20.0 5.0 6.1 185.1
6 23.2 19.0 5.1 58 162.7
7 28.2 231 6.0 7.0 239.2
8 271 24.0 52 6.3 220.6
9 256 225 5.8 7.2 243.9
10 24.6 23.0 5.8 7.3 304.4
1 224 19.5 4.6 6.5 166.2
12 271 242 5.8 71 263.5
13 241 21.7 5.7 5.6 194.8
14 23.2 19.9 53 6.7 197.0
15 244 21.7 4.8 7.7 208.5
16 256 23.0 55 6.0 220.0
17 23.3 225 5.0 6.7 184.8
18 17.9 17.7 3.7 41 59.2
19 234 21.0 5.8 6.2 194.6
20 22.8 20.2 5.6 6.9 168.8
21 225 19.8 4.3 4.9 114.7
22 26.8 23.8 53 6.1 198.9
23 240 21.0 4.8 6.6 207.6
24 20.9 18.4 5.1 59 17.7
25 23.2 20.5 53 6.6 184.5
26 26.4 23.0 6.4 6.9 2841
27 25.8 23.0 5.1 6.8 230.7
28 23.0 204 59 6.4 190.5
29 243 213 59 6.3 185.8
30 252 22.2 5.7 6.5 230.5
31 25.7 22.9 6.8 6.0 201.0
32 241 21.4 57 6.6 209.9
33 23.3 205 6.5 54 142.7
34 26.2 23.0 6.2 7.3 288.1
35 224 19.9 55 6.2 153.9
Avg. 24.0 21.2 54 6.4 195.8

TL, total length; BL, body length; W, width; H, height; Wt, weight.
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Fig. 3. Relationship between total length and body weight of
Trematomus bernacchii (n=35) collected from the Terra Nova Bay,
Antarctica.

DEA S vlLe 23, BE oA BEACE AAZ
7R W 7 =S TS 42 UEhlen], Azl +Rek
0% Z7V45 TS7F HAL 245k AF A2 o] 72 Ak )
glo] ghelwflet. ZLefut TS gt Zte ¥sto] uhE vigtes
WA Z710] whet 51 Zpol S H itk ofjmlEEE] 2 74|
A7]0f| whE SFAEAS Blaet A}, BE FuppolA] 2
A (A, No. 7, TL 28.2 em)7} 2= A (A1 A, No. 18, TL
17.9 cm)E e} Ak 0 2 =2 TS & Ueffiglen, ol= A
A %7bol ket Algto] 7]elshi o 4] 3] W @Ak .47} 57
37] w02 ghekE,

Zmjoen 2 ) Fakgol A AP Zo] w2 TS W} ] Y
ShabskA Lehd Wk, a1 Fukapol A= 54 ARAIZtell A TS7H
45| ashs Fbo] W 0 2 Hawc

2R WA 9 7 A& AubghS i W o7 ARg-5to]
AAKSE kagk-2 38, 70, 120, 200 kHzol| A 22+ ¢ 2.9,5.4,9.3,
15,52 Z715t90ek 2 AR kaghe 9 Fuproll A 2t of
4.8,8.8,15.1,25.12 AXE L &, a7t S71e5
WA B kaglol 57l o, ofof whet ApA| 2t #stof uhE
TS HET o 23517 Uebsc). £3] 120 kHz&} 200 kHzol
A 2R AL 2 A el A TS 419] =ax2] Wgol
FRlsf gl on, o= dFulgo| A uhto] FolAHA o7 2]
o= AL W U o] OJ3k 7Hy] FI} 27 A oA
Hth(Simmonds and MacLennan, 2005).

HE Hsto] WE == oHEESX[C TS

KRMZES o] §3fe] of 2e7]o] 4 2 AMgui F
438,70, 120, 200 kHz)d o= %] 9] 340} TS 217
£ Table 20} R Siek(Fig. 5). of3} £0) 4 B TS 4
(S)°14 Hole A7 B SRR E (T9)% oJuliet. 3
o) TS 4 ApAIZF 4545 9] thellA] et TS 5 49
grom Bofstglon, B 0 BEEA 15°0) AAz B8

0%l
H

i+

-

L



456 olrte} - 294

LS

j-}
o
-IN
oY
ox
o
o
o,
Fo

—
=]
T 120 -120
= 45 30 15 0 15 30 45 45 30 -15 0 15 30 45
on
=
£ -40
N
w
N
=
= -60
a1
-80
-100
-120 -120
45 30 15 0 15 30 45 45 30 -15 0 15 30 45
Angle (°)

Fig. 4. Target strength as a function of tilt angle at four frequencies (38, 70, 120, and 200 kHz) for two representative individuals of Trema-
tomus bernacchii. The solid and dashed lines indicate smallest (No. 18, TL=17.9 c¢cm) and the largest (No. 7, TL=28.2 cm) specimens,

respectively. TL, total length.
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Table 2. Mean TS represents the tilt-averaged modeled TS rather
than the arithmetic mean of replicate measurements. The coeffi-
cients a and b are point estimates for the fitted relationship TS=a
log, (TL)+b

Frequency (kHz) a b R?
38 20.10  -95.32 0.30
) 70 2450  -99.85 0.30
Maximum TS
120 2287  -97.07 0.33
200 23.18  -96.00 0.53
38 2212 -103.24 0.37
70 2132 -101.81 048
Mean TS
120 2295 -103.77 0.50
200 20.18  -98.95 0.53

TS, target strength; TL, total length. Mean TS represents the tilt-
angle averaged target strength (TS) defined in equation (5).
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