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ABSTRACT
Foore, K.G.and Ona, E. 1985. Swimbladder cross sections and acoustic target strengths of 13
pollack and 2 saithe. FiskDir. Skr. SEr. HavUn~pers., 18: 1-57.

Data are presented on the swimbladder form and acoustic target strengths of each of 15
surface-adapted gadoids, 13 pollack (PoLLachius PoLLacHIUS) and 2 saithe (POLLACHIUS VIRENS),
of lengths from 31.5 to 44.5 cm. The swimbladder data consist in sagittal cross sections of the
swimbladder, derived by shock-freezing of the whole fish and slicing with a microtome. The
acoustic data consist in the dependence of the target strength on tilt angle for both dorsal and
ventral aspects for each of four echo sounder frequencies, from 38 to 120 kHz. Possible uses of such
data in acoustic modelling of swimbladder-bearing fish and in systematic studies of swimbladder
morphomefry are mentioned.

INTRODUCTION

Quantitative estimation of fish abundance with an echo sounder démands
detailed knowledge of the target strength .(MiprTun 1984). This has been
recognized for at least three decades through a multiplicity of experimental and
theoretical studies. While arguably no definitive result has been obtained,
there has been nearly universal agreement on the importance of the
swimbladder when present.

Attempts to estimate the magnitude of the swimbladder contribution to the
echo energy have varied considerably. This is especially true for experimental
studies involving direct acoustic measurement on fish with successively inflated
and artificially deflated or removed swimbladders (HARDEN JonEs and PEARCE
1958, Smisata 1970, 1971, HasLert 1979). The estimated contribution has
been under 50% as often as it has been over the same. Difficulties with
technique, especially in ensuring the removal of all residual gas from the



2

swimbladder or cavity created by its excision, can be imagined when not
admitted.

That body of experimentally based evidence which is intrinsically non-
intrusive is, however, consistent in its findings. Comparison of the measured
target strengths of swimbladder-bearing fish with the measured target
strengths of mackerel (Scomber scombrus), which lacks a swimbladder, shows that
the mean swimbladder contribution to the echo energy exceeds 90%. This has
been established both for physoclists, as represented by the gadoids cod (Gadus
morhua), saithe (Pollachius virens), and pollack (Pollachius pollachius) (McCART-
NEY and Stusss 1971, FooTte 1980), and for physostomes, as represented by
herring (Clupea harengus) (Epwarps and ArMsTRONG 1983a,b).

Modelling swimbladder-bearing fish through the swimbladder for comput-
ing target strengths thus appears quite reasonable. It has, in fact, been done,
although without particular advancement since the first model calculations
performed by Midttun (Miprtun and Horr 1962), notwithstanding the
notable but limited extension by Kalikhman (Karikuman 1978, Yupanov and
Karikuman 1981). The general poorness in agreement of computation and
measurement has probably been due to the simplicity of the assumed
swimbladder form. Spheres, truncated right circular cylinders, and prolate
ellipsoids are computationally convenient but apparently physically unsuitable
for modelling the acoustic properties of typical, commercially important
teleosts.

‘Recent work performed at the Institute of Marine Research, Bergen, based
on the exact shape of the swimbladder has, however, been quite successful in
predicting fish target strengths (FooTe 1985). The new acoustic model can be
improved, nonetheless, and it can be exercised differently with respect to the
fundamental swimbladder data. To facilitate this process, the primary data
source 1s presented here.

The novel and central experimental part of the data gathering, namely, the
shock-freezing and slicing of the fish, is due entirely to Ona (1982). The
description of the method below is not meant to supplant the original
description or to preclude further publication by its originator. The target
strength data tabulated by Ona (1982) are, however, superseded by those
presented in this work.

MATERIALS AND METHODS
FISH

At the outset of the investigation, the subject fish specimens were 20 gadoids.
These were selected at random from a holding pen containing several hundred
pollack and saithe at the time of their measurement on 24 July 1980, during the
project at Skogsvaagen (Foote 1983). After the final measurement procedure,
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Table 1. Length, weight, and swimbladder dimensions of the 13 pollack and 2 saithe, including
maximal dimensions, surface area, and volume of cach swimbladder.

Swimbladder

Fish Length Mass Maximal dimensions (cm) Surface  Volume
no.  Species  (cm) (g) Length . Height . Width area (cm®)
(em?)
201 Pollack  31.5 195 10.58 0.98 1.44 39.03 6.88
202  Pollack  44.0 533 13.00 1.40 2.62 69.47 16.37
204  Pollack  35.5 321 12.44 1.18 1.66 52.57 10.16
205  Pollack  39.0 380 13.93 1.08 1.78 56.54 11.31
206  Pollack  35.0 287 8.74 1.34 1.76 35.46 7.83
207  Pollack  44.5 635 16.39 1.54 2.12 89.35 19.76
209  Saithe 38.5 385 11.31 1.28 1.74 48.37 10.12
213 Pollack. 34.5 259 9.89 1.05 1.64 45.06 7.18
214 Pollack  39.0 406 12.71 1.30 1.64 54,21 9.82
215  Pollack  37.0 332 10.71 1.03 1.54 40.89 8.27
216 Pollack  36.5 343 11.99 1.17 1.80 48.79 10.46
217  Pollack  34.5 253 10.93 0.99 1.72 39.30 6.61
218  Pollack  32.5 257 11.00 0.98 1.36 35.26 6.28
219  Pollack  35.5 292 10.98 1.04 1.46 40.10 8.04
220  Saithe 38.0 406 13.27 1.18 1.68 53.87 10.57

complete data sets were available for only 15 specimens. The basic biology of
these, including swimbladder dimensions, is shown in Table 1. The maximal
swimbladder dimensions were determined directly from the swimbladder cross
sections, and the swimbladder surface area and volume were derived from a
surface triangulation.

TARGET STRENGTH MEASUREMENT

The acoustic backscattering properties of each fish were measured in the
patented Institute manner, hence similarly to methods used by NAKKEN and
Ousen (1977), Retringen (1976), DALEN ef al. (1976), and AxsLanp (1983).
The particular procedure is described in Foorte (1983), albeit for herring.

Briefly, a near-surface-swimming fish was scooped out of the holding pen
and anesthetized by immersion in a sea water bath with 0.02% benzocaein. It
was then tethered in a suspension system, lowered to 2.5 m depth, and tilted
over an angular range spanning 90 deg, centered on the horizontal, while pairs
of echo sounders pinged alternately. The measurements were performed for
both dorsal and ventral aspects for each of the four combinations of center
frequency and pulse duration described in Table 2. Calibration of the echo
sounders was performed by means of a solid spherical target, whose absolute
target strength at cach of the several frequencies was determined retroactively
through an intercalibration with subsequently better-known targets.
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Table 2. Center frequencies and pulse durations of the four Smurap echo sounders used in
measuring the target strength functions.

Echo- Center frequency (kHz) Pulse duration (ms)
sounder Nominal Measured Nominal Measured
EK-38 38.0 38.1 0.6 0.64
EK-50 49.5 49.6 0.6 0.57
EY-M 70.0 68.4 0.6 0.60
EK-120 120.0 120.4 0.6 0.68

Shock-freezing and slicing of fish

Immediately following measurement of the target strength functions and
length and weight of each fish, the still-anesthetized fish was shock-frozen
(Ona 1982). The procedure itself consisted in holding the fish in horizontal,
outstretched posture between pairs of tongs grasping the snout and tail. The
fish was lowered into a bath of alcohol maintained at a temperature of — 50° C
by the frequent addition of Dry Ice. It was thoroughly frozen after only a few
minutes. The frozen fish was then tagged and stored in a portable, insulated
box containing Dry Ice for later transfer to a freezer at the Institute for
long-term storage.

The fish were retrieved from the freezer in February 1981. They were then
encased in blocks of carboxymethyl cellulose (CMC) by immersion of the
frozen fish in a solution of liquid CMC held in the microtome’s freezing frame
and immediate rapid freezing of the entire system in an alcohol bath
maintained at — 70° C. The block-encased fish was then trimmed in the
sagittal plane. This process was performed at 200 pm intervals until the fish
was first exposed. Slicing through the fish and fish swimbladder was performed
at 100 um intervals. v

At more or less regular intervals, depending on the observed degree of form
change, the entire cross section was photographed. Use of various visual
references, ecither singly or multiply, enabled the individual sagittal cross
sections to be aligned in the subsequent swimbladder-mapping operation. A
ruler, flush with the plane of the exposed cross section, was invariably
photographed.

Four fish were damaged irremediably in the course of the slicing, and the
visual refercnce system of one fish was lost during the photography. Thus the
20 specimens of first measurement became the 15 of final and complete
measurement,

Digitization of swimbladder cross section

This procedure consisted in tracing the outline of the swimbladder inner
wall on the photographed sagittal cross sections with a cursor connected to a
digital computer. The data were stored for later editing. This involved checking
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the fidelity of the digitization for cach cross section, alignment of all
swimbladder cross sectional contours for the same fish, scaling of dimensions to
the true size, and further referral of these to the horizontal, with head to the
right. The absolute orientation of the swimbladder was determined by
associating the fish centerline, or imaginary line running from the tip of the
upper jaw to the root of the tail, with the horizontal, as the two were assumed to
coincide for the normal fish posture.

The described procedure is utterly routine, although or hence requiring
some attention, if not vigilance, in its conduct. One aid to the digitization part
of the procedure is preliminary enhancement of the swimbladder inner wall
with a fine drafting pen. This is best performed by a knowing fisheries biologist.

DATA
Swimbladder cross sections

The swimbladder cross sections are shown in Figs. 1-15. These are derived
from the described digitizations, including required editing, alignment,
absolute orientation, and scaling operations. As mentioned above, the viewing
plane is sagittal, the head is oriented to the right, and the fish centerline is
parallel with the horizontal. The single opening in each contour mercly
indicates the gap between first and last points of the non-overlapping portion of
each digitization.

Each frame or cross section is labelled with three numbers in the upper
left-hand corner. These denote, respectively, the fish number, the number of
the frame or cross section, and the depth of the cross section in units of
millimeters.

Targel sirength functions

The target strengths of the fish whose swimbladders are shown in cross
section in Figs. 1-15 are shown in Tables 3-17 and Figs. 16-30. These are
paired for cach fish.

The target strengths are expressed as functions of the tilt angle. This is
defined as the angle made by the fish centerline with the horizontal. Positive tilt
angles denote the true head-up posture, and negative tilt angles denote the true
head-down posture. The measurements were interpolated at 1 deg intervals for
the tables, and at 0,5 deg intervals for the figures.

Both the target strength and the backscattering cross section are shown for
each tilt angle for each aspect for each frequency. The backscattering cross
section was determined through the echo energy (Foote 1982), as the pulse
durations were finite, if long compared to the respective acoustic wavelengths,
cf. Fig. 1. The target strength TS is defined in terms of the backscattering cross
section 0y, through the usual definition (Urick 1975),

TS = 10 log (0,/4m),
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although with use of SI units, hence with expression of oy, in units of square
meters.

In the table headings, THETA denotes the tilt angle and 5B, the
backscattering cross section. For convenience, SB is expressed in units of
square centimeters, and TS is expressed in units of decibels, each specified to
the nearest 0.1 in the respective units. For this particular representation, the
target strength value 1s more precise for weak echoes, and the backscattering
cross scction value is more precise for strong echoes. The crossover occurs at

SB=4.3 cm? or TS=-44.7 dB.

SOME USES OF THE DATA

The envisaged primary use of the data presented here is in the acoustic
modelling of swimbladder-bearing fish, at least for the represented gadoids.
The data may be employed in the development of shape-dependent models by
confirming computations based on the cxact swimbladder shape with
measurement. Given success, the developed model may then be exercised in a
systematic study of fish target strength.

One limitation to such modelling is imposed by the rather narrow length
range, from 31.5 to 44.5 cm, of the present data. However, because of
performance of the measurements over the frequency range from 38 to 120 kHz,
the effective size range at a given frequency is larger. Full exploitation of this
expansion in effective fish lengths does depend on the hypothesis of scaling, 1.e.,
of constant proportions of the swimbladder of the same fish over a certain size
range. Clearly this has an approximate validity, although its extent is
unknown.

A collateral use of the data presented here is thus apparent, namely in a
morphometric study of the swimbladder. This can only be begun however, for
what is required is a systematic study that elucidates the swimbladder form, its
size, shape, and form variz{tions, with species, fish size, and biological
condition, e.g., sex, state of maturity, and degree of stomach filling. Additional
quantitative data on the variation of swimbladder form with ambient pressure
may contribute to the solution of some of the outstanding problems of fisheries
acoustics. Included among these are the problems of the pressure. or
pressdre—history-dcp‘cndcnce of fish target strength, and species differentiation
by in situ target strength measurement.
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-20 T T T T T T T T T T
DORSAL VENTRAL
_3p - 38.1 - - 38.1 _
_4@ b~ o
_5@ b =
—_&@ | 1 ] I 1 A
~-20 T T T T T T T T T T
[JORSRL VENTRAL
-3@ + 43.6 . L 48,6 .
40 - | i
._5 — —
e ! : L | ;
-20 T T T T T T T T T T
DORSAL VENTRAL
-3 - 68. 4 . - 68. 4 _
_4@ - — b =
_SD — — b
6B \ ! i L A ! ! | i I
-28 T ; T T T T T T T T
DORSAL VENTRRL
_3@ - 1208. 4 _ L 120.4 .
_4@ — — /W —f
-58 q 4 L v
iy f i |
5@ ; L 1 ! i i i i i i
-45 -32 ~-13 2 15 32 45 ~45 -30 -15 ] 15 30
TILT ANGLE (DEG)
FIG, 16. MEASURED TARGET STRENGTH FUNCTIONS OF FISH NO. 2081

POLLACK.

31.5

CM,

195 G.
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TRBLE 4. MEASURED TARGET STRENGTH FUNCTIONS OF FISH NO. 2@2: POLLACK, 44.3 CM, S33 G.

38,1 KHT e cemmmeme 49 A KVWI - - = BH L4 KHT —emmees e 1204 KR —m
Lo e VENT RAL e e PAASAL e VENTRAL— PR AL DDA L VENTP AL
THETA s SR T8 sn TS an Te s T8 an TS s T
=45 47,3 3.3 61,8 1.0 -51.1% 1. mARLY 7. WP L2 LA
-4 w87 5.2 43,7 0.4 56,9 2.9 bbb 6 62,8
~43 ~46,0 5.9 ~43.3 f.® =519 3.4 -45.7
42 44,8 4.8 _64.2 1.1 =506 2.9 ~4h L
-41 -45,3 4.7 -el3 1.3 -49.8 7.3 =699
~40 1.9 ~48.1 0.3 ~56.2
3% 2.6 L0608 N1 w613
-3R 3.5 =455 a.1 -2
~37 4.7 44,3 1.7 48,8
~36 5.1 -43.9 1.4 494
~35 4.9 -a41 0.6 -53.4
34 2.2 42,5 1.5 -49.3
-33 4.5 ~4t,5 1.9 8.1
~32 6.2 w4301 0.7 =572.A
«31 5.9 43,3 5.5 —43,A
-30 3.7 =453 2.5 5.9 11.5 -40.¢
29 1.9 L4681 7.7 &2 144 =39 4
-28 2.5 ~47.0 5.7 2.0 V4.6 L3208
-27 2.4 =47.7 9.1 3.9 23,9 ~37.2
26 0.8 =52.1 15.8 .39.0 5.9 43,3 30,1 ~34,2 23.% 37,2
-25 0.8 =52.0 16,2 ~3R.9 6.6 -42.% 19.5 =3%,1
-2 0.2 ~5A_4 9.3 41,3 5.9 ~43.3 9.5 ~h1.2
=23 9.3 ~56.0 14,1 39,5 4.0 45,0 3.6 W45 4
-22 1.7 =48.6 12,0 ~40.2 1.8 ~4R_S 3.4 -45.7
-21 5.2 ~43.8 6.3 43,0 5.9 43,3 Toh L4203
20 11.2 -40.5 L S ) 19,9 38,0 17.0 38,7 6.0 43,2
-19 19.0 -38.2 10.3 41,6 =34 R 22.3 -37.5 3.2 46,0
~13 26,3 _36.8 7.1 72,3 32,4 22.9 37,4 5,2 -43.8
-17 6.0 =43,2 2.0 ~31 .4 17.8 ~38.5 1R,6 =373
~16 L7 w64, 3 2,1 30,9 12,04 400 61,5 =331
~15 S.b ~43,7 27.5 «31.,1 0.7 40,7 112.0 30,5
~14 6,2 63,9 9.0 ~31.5 11.7 =403 14T ,6 =293
-13 15.8 ~39.0 86,9 ~31.6 1.8
-12 35,4 =35.5 122, =100 12.5
~11 47,3 -3¢ 1A5.7 -Tele 3ne
=10 107.0 54,9 _33.¢ 274.,9 26,6 46,7 343 158.2 =29.0 15.1 39,2 I08,5 -26.1 SB.8 ~33.3
-9 137.R 346,71 ~?25,6 83,0 -X3.0 190,2 -22.2 7«47 .6 91,0 =314 28,1 w34.5
- 194 .6 294,86 26,3 79.3 -32,9 181,6 ~23,4 12.9 -39.9 26,0 34,7 47,5 =32.7
-7 265.0 190.2 -28,2 93.2 31,3 122,08 L3010 45,6 34,4 120,0 30,2 bob bbb
-5 2PR.7 172.7 ~30,1 27.5 =311 62.5 =22.,7  104.5 <3¢ 141,00 =20.5 £9,4 =32.6
-5 154, 6 56,1 43,0 ~31.8 93.2 -31.3 2R,1 S3ALS 14,6 23004 33,1 ~35.8 137.8 -29.6
-4 1164 75,7 57.4 -33.2 2h. 9 31,4 9.3 —41.3 132,1 65,9 32,8 213,4 .27.7
-3 33,0 7.5 A2.6 34,7 .7 -32.5 51.2 =33.9 25.0 91.0 «31,4 3085 ~26.1
-2 81,5 134.7 1R.2 ~38.4  75.7 -32.2 33,0 ~31.8 242.5 40.7 ~34.9 370.9 ~25.3
=1 50.0 177.5 35.4 -35.5 102.1 ~39.9 97.5 =311 294,86 0.7 «32.5 294,46 ~26.3
o 190.2 104, S 30,8 122.8 30,1 81,1 =31.,9 250,7 -27.0 4b.7 =363 21R, L -7 4
1 181,46 1378 29,6 134,7 _29.7 33,1 35,8 177.5 5 3,4 45,7 154.6 29,1
2 1.9 ~40,6 141.0 117.3 -30.3 (44,3 ~29.4 54,9 =X3.46 122,78 1 12.9 -39.9 6.9 -31.,5
3 1045 137.8 29,4 47,8 34,2 43,0 33,0 4h,6 34,5 43,6 34,8
i 21.1 128,46 «29.9 R,7 =L1,6 4,9 314 6.0 63,2 81,1 31,9
s 57.4 =334 401 -4el9 12000 =302 93,2 «31.% 22.9 ~37.4 [ VYN
6 4R.9 34,1 02,1 =30.9 39,7 -35.0 38,8 ~35.1 185.9 -28.,3
7 Ah 6 =345 58,8 -33.3% 22,1 ~36.5 15.R =39.0 154.6 -29.1
2 27,5 ~36.¢6 26,5 37,1 2341 -27.,3 28,1 ~36.5 112,060 ~30.5
9 3R 45,2 57.4 =334 21804 276 S4.9 ~33.6 1094 -30.6
10 6.7 «42.7 120.0 -30.7 95,3 -31.7
11 4,2 2631 131.6 29,8 25,0 31,7
12 2.2 =47.4 117,80 =30.5 95,3 -31.2 -
13 P2 wl7.4 2.3 =304 26,9 =347 9.5 —41.2  AO.7 =340
14 13.2 -19.8 35.4 -35,5 32,3 -35.9 5ia _43.5 47,8 34,2
15 Lh Kk =340.S 21.3 .37.7 15,5 39,1
16 P2.3 =375 LT ~h4.9 21.8 ~37.6
17 2 1305 2397 61,5 33,1
12 2,5 -47,0 SRR =333
19 35,4 ~35.5 1905 38,1
20 25,1 -37.0 -61.3
21 1.2 -40.9 —47 .4
52 43 Lhhl? 4.8
23 2,3 ~h7.4 ~L2 b
24 7.6 -62.3 47,7
25 15,8 39,0 21.3 37,7 ~52.3
26 17.0 =327 36,3 =36, -S54t
27 81 w19 23 L3702 bbb
28 11,2 ~an.9 16,56 L3R.2 ~401
2y 1.5 40,6 9.3 -$6.0 -39.7
30 12,0 -40,2 1.9 62,3 -43.8
31 ERE IR AT ~82.7 —47.%
32 1.5 —hu 2 (TR “40.3
13 0.4 =569 [ I Y 411
34 G.3 -s4,a 7.2 -2k -43.0
35 18,2 -38 .4 -51.0
14 PR, L3RS -50.7
37 ~46.6
38
10
40
41
42




TARGET STRENGTH (DB}

31

-2 T T T T T T T T T T
DORSAL VENTRAL

_ag b 38.1 4 38.1 _

_4@ . - bee

-50 - \—V‘\ \/\ (\/\/\/—

~50 ! ) ! 1 1 \ i

~20 T T T T T T T T T T
DORSAL R VENTRAL

-3p - 49.8 . L 49.6 J

_4@ L. el —

-5 |- 2 = .

-6 4 ! ; | i L 4 j i ;

-20 T T T T ; T T T T T
DORSAL VENTRAL

_ag L 68. 4 4 L 68.4 i

-4 b . \ _

=T MW " ki

_&53 : i un | i i

-2 T T T —T T T ; T T T
DORSRAL VENTRAL J

-3¢ - 120.4 4 - 120. 4

_4p L -

-52

_60 L | ! i i ! ! 1

-45  ~3@ -15 @z 15 30 45 -45 38 -15 2’ 15 30 435
TILT ANGLE (DEG)

FIG. 17. MERASURED TARGET STRENGTH FUNCTIONS OF FISH NO. 222:
POLLACK, 44.2 CM, 533 G.



TABLE 5. MEASURED TR

5

3
3

PR

e

W e
RN

32

RGET STRENGTH FUNCTIONS OF FISH NO. 35.5 C
38,9 Knz 494 k1T 684 KHZ 120,
“DORSAL ~mw  ——YENTREL-- ~~PORSAL =  —-yCHTEAL - ~—hORSSL - AmYENTAAL -
<8 h£3 SR T Py Te SR Te <R Te se =
2.2 ~47.5 3.3 45,7 1.2 -59,2 3.2 kb0 1.6 43,9 2.0 L7,
0.2 ~57.9 4.2 -b4.2 1.7 -4r,6 7.9 ~4A3 1.5 -49.3 0.9 -51
0.2 58.0 4.8 44,2 2.7 46,7 2.5 a7 0.8 52,1 0.2
0.3 -56.4 5.5 ~43.4 3.9 ~L5.1 1.7 4R 0.1 -61.0 1.1
0.1 -598 6.3 Lu3l0 5.0 44,0 0.9 -51.¢ flL =555 0.2
0.0 -66,2 A6 b2 3.8 0.9 .51.¢ 0.5 -54.0 3.2
0.1 -63.5 LR -44,? ~43.6 8.7 -52.¢ 0.1 -59.8 7.1
0,1 =61.0 5,6 ~43,5 3.8 nl5 51,4 0.5 -54,0 AT
0.0 ~64.8 h? 227 LL,5 1.2 501 1.3 49,9 9.5
0.0 -65.6 A7 -42.7 43,3 1.5 -29,3 1.1 =50, 7.1
0.1 w63.9 5.0 w440 ~63,1 1.4 9.4 0.3 .56.3 7.7
0.2 ~57.5 3.5 ~45.4 -t3.9 1.3 49,9 0.1 62,2 12.9
0.5 -53, 2.0 -48.9 -L6.6 2.5 -47.1 0.0 -64.4 2.9
0.6 53,1 1.2 -50,2 50,2 4obo_th b 0.2 59,1 L1
0.4 -54.9 0.5 =54.2 55,8 6.2 ~4309 006 ~5303 2.0
0.1 61,1 0.7 -57.6 3 .55,9 1.9 8.1 1.3 49§
n.4 -55.0 0.5 ~54.1 —50.7 0.2 .51.7 0,9 ~51.3
0.6 -53.0 n.2 -58.0 2.7 -46.7 0. 2ot =R
0.9 51,4 n.1-60,2 5.6 —43.5 2.3 67,4 3.9 45,1
1.4 =495 0.5 -53.2 5.9 ~43.3 P07 <466 10,7 <DL
1.0 -50.8 1.7 ~tr.7 ~hh,S 9.% 1.1 1.9 62,1 1200 —eh2
1.9 481 3.5 w45.5 45,9 0.3 55,9 10,0 ~41.,0
1.5 -49.3 LR -46,2 b 0.1 ~A1.7 boh =tk
0.9 51.6 5.1 w639 —43.8 0.0 ~66.6 11,5 40,4
1.3 -49.7 5.5 43,6 -4, 3 G,2 ~59.0 19.5 ~38.1
2.6 66,9 5.6 3.5 1.7 -56,3 N.0 45,4 0.7 =573 #1.9 -37.2
4.8 —44,2 5.6 63,5 1.1 .50.5 1,0 kA7 1,0 =51,1 24,9 _36.7
7.7 -2t 5.2 -43.7 1.4 -69.4 a4 ~55. 1.4 =A9L4 190S =389
11.5 ~60.4 L6 nth L 0.2 -5%.2 2.7 -46.7 P.1 =47 R 10,5 ~an R
19.0 ~38,2 5.2 43,8 0.2 57,7 R.1 ~61.9 3.4 45,7 Tb 62,2
25.1 -37,0 7.4 =623 7.6 —h2.2 7.0 =387 5.7 -43.4 7.7 ~67,1
29,5 ~36.3 10,5 _40.8 7 20,4 2379 10.0 -41.0 hob -27 .7
29.5 -36.3 14,4 39,4 2 .35.4 19,5 Z38.1 17.0 38,7 4.8 4t 2
30.8 -36,1 195 -3R.% ~33.9  25.7 -36,9 39.7 -35.0 Pob =72
30,8 36,1 25,1 379 ~33.3 3308 _35.7 7517 -32.2 103 407
27,8 ~34,4 12,3 35,9 75.7 -32.2 37,9 -35.7 R9.D ~31.5 2.0 -06.,5
29.5 ~36,3 39,7 .35.0 91.0 31,4 39.7 =350 93,2 31,3 14,2 -38,9
4306 34,6 4506 W3k 4 106,5 ~30.2 38,8 35,1 102.1 =30,9  37.9 .35.2
60.1 -33.2 52,4 ~33.% 122.8 =301 34,2 -35.4 109.4 -30.4 53,6 -33.7
77.5 232,01 56.1 33,5 173.5 ~28,6 50,0 .34.0 161.9 w2809 B1,3 -31.9
95.3 =31,2  SR,8 .33.3 213,46 ~27,7 4901 32,4 22R,7 ~27.4 137.0 30,7 274.,9 26,6
123.0 -30.2 40,1 -3%.2 7.7 79.3 -32.0 236.0 =273 1474 ~29.3 PAR,T =26,7
141,00 29,5 57.4 o334 137.6 28,6 86,9 .31.6 203.8 ~27.9 141,9 78,9 31.4
134.7 29,7 841 ~33.5 -29.9 89,8 -31.5 R1.1 =310 147.6 -20.3
1870 23007 4105 2339 ~3310 &S00 -31.7 1.0 -51.0 117.3 -30.3
77,5 ~32.1  58.8 33,3 24.5 W37,1 75,7 32,2 2.5 —47,0 77,5 -32.1 2.3
47,R =34.2 53,8 =333 q.1 -A1.9 70,7 -32.5 12,6 =40.0 77,5 =321 6.0
23,9 37,2 6901 3206 2.9 ~46.4 B30 _31.8 2603 34,7 93,2 .31.3 3.1
12,3 4001 75.7 -32.2 5 -40.%  107,0 30,7 32,3 .35,9 91,0 -31.4 0,3 ~55.7
10,2 -40.9 72,3 -32.4 ~34.5 117.3 -30,3% 15.5 -390 77.5 =321 39.7 d
B.1 w£1.9  AS.9 _32.F 35.4 -35.5 14,6 30,4 2.9 46,4 39,7 _35.0 21.3 -37.6
2.1 ~47.% 43,6 =344 33.8 -35,7 5.0 ~31.7 0.1 =594 7.7 -£2.1 2.8 ~46.5
2.3 ~L7.3 23,9 3702 26,9 ~38,7 46,7 L343 1.6 <4801 47,8 =347 9.1 ~41.4
2.9 10,2 60,9 13.2 ~39.8 25,1 37,0 L.9 64,1 Bh.4 32,9 5.1 43,9
4.0 6.4 =4 % 3.9 ~45.1 17,8 -38.5 [N SRVI% SN O BRS +03 3.7 -45.1
1.5 -49,1 29,5 36,3 D.A -S3.5 49,1 .32 6
3.7 46,0 37,1 _35,3 0.2 -59.0
5.5 <4306 AT 6 -34.A N0 —66.9
2.7 46,7 SAL0 34,4 0.0 kA9
0.5 ~53.6 53,6 =337 0,7 -57.6
N.1 =60.5 51,2 -33.9
0.1 —62.1
o1 =41,%
.1 ~A3.0

0.2 577
n_‘| —61.8
[P
0.1 -a1,7
N3 =55,

8.6 ~53.0

L2 ~5n

M. 321 G.
[y S
SSVENTRAL -
sy s
1.5 w49.1
. o-se.e
1.0 -50.9
2.2 Zar.s
3.9 -45,1

22,3 ~37.5
1312 -390

Toh b9

0.3 =554

6.2 w431
33.9 -35.8
65,9 ~32.8
147.6 29,3
218,46 276
234.0 -27.3
75.7 ~32.2
1045 -30.°
122.8 ~30.1
R3.0 -31.%
346 -35.4
14,6 38,2
10.5 -40.

3.7 ~45.3
0.5 40,0
95,3 ~31.2
109.4 30,6
$7.4 =334
53,4 ~33.7
491 32,6
7903 -37.
51,7 ~33.9
?3.4 37,3




TARGET STRENGTH (DBI

-2 T T T T T T T T T T
DORSAL VENTRAL
_3g - 38,1 4 L 38.1 o
_4@ — — - —
5 i ! L : L ‘ ! i
-20 T T T T T T T T T T
DORSAL VENTRAL
43.6 . - 43,6 4
AA /kﬁ i /ﬁ/ﬁ//\jh\w/ﬁ\/W\A /\\AVN
-20 T ; T ; T T T 7 T
DORSAL VENTRAL
-3 |- 68. 4 . - 68. 4 4
.‘4@ - - . =
h W\ \[\ ] K (\
5@ l { f /\A { |
-20 T ; T T T T ; T T
DORSAL VENTRAL
_3p - 12@.4 . - 12¢. 4 .
_4@ — — L -
...5@ -
_&52 ; 1 i 1 ; : i | L
-45 -3¢ -1i5 %] 15 30 45 -45 ~30 -i5 @ 15 3@ 45
TILT BNGLE (DEG)
FIG. 18. MEASURED TARGET STRENGTH FUNCTIONS OF FISH NO. 284:

POLLACK, 35.5

CM. 321 G.
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8. MERSURED TRARGET STRENGTH FUNCTIONS O

------- 3R,F KHI mmm——me
~—DORSAL . L VENTRAL
" TS &R TS
0.1 -59.6 RLT =414
0.0 &4 1 7.2 4204
0.2 -57.9 5.0 ~44,0
0.2 ~58.4 6.2 63,1
0.0 -64,3 Toh Sh2.3
8.0 ~6L.2 9.3 -41.3
0.1 2.9 41,5
0.3 6.3 =430
1.0 5.0 =440
2.9 W63 7.6 42,3
5.6 =43.5 7.9 -42.0
B AT
9.1 5.0
2.0 3.7
3 7.6

49 6 xnt
—VEHTPAL .
an TS

e DORS AL
SR T8

1.0 -51.0
1.9 ~48.1
2.9 =463
4.1 —44 0
5,9 4461
ALY ~42,6
8.7 ~41.6
P.3 ~41.R
5.4 -43.7
3.5 45,5
F AR s
3.1

2.9

als

0.2

0.4 37,9
19.9 38,0
18,7 -38,4
15.5 ~39,1
10,9 ~40.4
R.5 ~41.7
6.6 42,8
L7 4.
2,1 41,4
13.8 39,6
17.% -3%.5
18,6 ~33.3
19,9 .38.0
35.4 ~35.5
L3.6 =46
L1.6 =342
33.1 ~35.8
25,7 ~36.9
?5.7 -36,9
29,5 36,3
3.1 -36.2
?5.7 =36.9
28,8 36,4
L 6 =345
56.9 ~33.4
644 —32.9
70.7 -32.5
23,0 ~31.
927.5 =31,

114.6 =304
147,46 29,3

199,7 -28.0
190.2 -28.2
114,48 30,4

5L.9 ~33.5

14,2 38,9
2.4 =379
?23.9 -37,2
19,0 ~38,2
16,2 -38.%
308 ~36.1

131.6 -29.2

177.5 28,5

245.0 -27.1

294.6 =263

287.9 26,4

177.5 -2R.5

1146 =304

11,2 _40.5

32.3 ~35.9

77.5 »32.1

74.0 -32.3

61.5 -33.1

14,6 35,6

-38.4

-41.5

1.7

-38.3

~38.2

-e1.0

474

69,5

-49.3

~50.2

-52.8

-53.9

96

-61.3

-62.4

52,9

-59.5

5816

45,72

-42.7

10,0 ~21.0

13.2 <39,

16,8 =303

1505 39,1

10,5 <40, 8

15.8 =39.0

19.0 -3R.2

15.8 =39.0

9.5 ~u1.?

[ICRRTE -1
1.0 51

0.3

0.7 52,3

0.9 S1.A

f.1 -s9.7

0.1 55,0

6.5 -53.4

N =520

N6 5306

8.1 -AP.?

0.2 a59.1

F FISH NO. 285:
------- LRI TH
—=BORSAL . L VENTPAL .

sp TS
2.3 -e7.3 11.7 -40,5
2.h wb7,7 0 11,7 Sb0L,S
1.5 ~49.3 21 -4t
0,2 =57.4 6.3 -hh,7
00 65,9 1.9 621
0.1 =401 0,9 -51.4
0.4 55.3% B8 53,5
1.9 R
1.7
1.0

2394
2198,5

39.2 CM. 389 G.
....... 1206 EHZ mmeeme
e DOREAL e e VEM TRAL ==

SR T Sit T

0.5 =54.3 7.1 m62.5

1.0 -50.9 6.7

7.0 -4z 5.0

z 2.5

5 3.5

. W5 =434
“ht,3

15%,
2085
199,2

169.5
125.7

0.3 -55.7

1.0 -51,2 0.6



TARGET STRENGTH (DB}

-0 T T i T 1 T T T T T
OORSHL VENTRAL

_3g L 38. 1 i 38.1 B

_4@ o - =

| /ﬂf\ﬂ |

—60 A t i 1 bx i ) !

-20 T T T T T T T T T T
DORSAL VENTRAL.
43,6 — 42.6 =

-20 T T T T T T T T T T
VENTRAL
. L 68.4 .

-20 T T T T T T T T T T
DORSAL VENTRAL
30 - 128, 4 . 120.4

-5

89 | I | |
-45 -3 -1S [} 15 30 45 -45 -3 -15 ? 15 38 45

TILT ANGLE (DEG)

FIG. 19. MERSURED TARGET STRENGTH FUNCTIONS OF FISH NO. 285:
POLLACK. 38.8 CM. 380 G.
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TABLE 7. MERSURED TRARGET STRENGTH FUNCTIONS OF FISH NO. 206: POLLRCK, 35.0 CM, 287 G.

- - 3R,1 KNZ - - L9 A KHD e e 88,4 XD e [N §-{ FUN 315 S —
“-DORSAL-=~  ~~VEHTRAL BORSAL=== -=VENTRAL~- —-RORSAL=am  ~=VEHTRA) - e DORSAL mmm eV ENTRAL -

THETA kB TS 88 s s T <R T <R T2 <R TS o T
-45 ~50.0 2.6 4h.9 L0 wL5,0 n.8 .52.1
wled -45.6 1.9 ~4R,3 2.9 —th,.4 2.6 =bE,P
43 —44.0 1.3 ~49.8 1.7 LT 3.8 ~45.2
=42 —44 .3 1.9 =43.3 2.8 wl6 7 TN |
—41 451 1.0 5008 203 455 2.6 669
40 —48,2 1.1 50,6 2.8 ~46,5
-39 -51.5 0.6 =534 3.4 -u5.7
38 45 1.8 <424 1.3 —49.7
~37 -65.1 3.7 ~4A,D AUR Wbk, 2
-36 470 boh bbb 1.8 4R
35 —40.8 5.0 640 1.6 =689
-3 -39.2 $.0 -4t 0 0.7 -57.4
=33 —eu,n 4,5 4L,5 0.7 -52.7
-32 ~3R.6 7.6 =42.2 2.8 46,5
31 -37.0 R.7 -41.4 10,7 ~40.7
~30 37,9 -35.2 R.,9 -41.5 7.1 —42.5
~29 41,6 -36,7 49 42,4 10,0 41,0
-28 39.7 ~35.0 5.6 4305 R0 =419
=27 32,3 .35.9 9.3 41,3 4.8 46,2
~26 17,3 =38, 11,7 -40.5 1.0 -50.9
~25 9.3 41,3 11,5 —40.4 0.5 ~53.9
~24 10,9 -20.4 6.2 431 3.2 w45.9
~23 11.5 -40,4 3.5 -45.4 3.5 -39.7
-2 9.3 41,1 1.9 -48.3 13,8 39,6
=21 5.1 -43.9 1.0 -50.2 4.9 —44.1
-20 3.3 .45.8 1.4 —49.6 1.3 -49.9
~19 2.5 —47.1 1.4 40,4 17.0 w38,7
~18 1.5 ~49.7 0.7 =52.6 Lhob =345
17 09,5 53,9 2.7 L46.4 38,8 ~35.1
-1 0,9 -51,3 &0 =32 16,2 ~38.9
-15 19.9 -3R.0  21.8 ~37.4 5.7 —43.4  21.3 -37.7 5.7 —43.4
4 23.9 o37.2 19.9 38,0 18.2 —38.6 65,6 =344 0.1 ~59.4
=13 26,9 =36.7 16,2 -3R.9 ?R.1 -36,5 61,5 -33.1 1.7 -45.3
-12 3001 36,2 10,2 <409 Gk n34.5 67,5 -32.7 L1.6 34,8 30,1 -36.7
~11 33,8 -35.7 7.9 42,0 6105 w3301 72,3 -32,4 7410 3203 A5.9 w323
36,2 =35.4 12,6 ~40.0 R6,9 ~31.6 72,3 -32.4 RAL9 =316 . ®6.9 ~31.4

43,6 -34.6 23,4 ~37,3 07,0 30,7 66,4 32,9 89,0 ~31.5  55.9 32,3 72.3 32,4 122,8 -30.1

63.0 ~33.0 42,6 -34.7 12R.6 -29.9  4R,9 =341 89,0 ~31.5  77.5 ~32.1 102.1 -30.9 173.5 ~28.6

53,0 ~31.8  57.6 -33.4 167.6 ~29.3 39,7 -35.0 97.5 =31.1  ®5.0 -31.,7 . 199,72 -28.0

-6 12,1 ~30,9  79.3 32.0 154,6 =29,1  30.8 ~36.1 125.7 <300 91.0 -31,4 1946 28,1 218,46 ~27.6
-5 117.3 30,3 95.3 -31.2 154.6 29,1 37.1 -35.3 151.1 =29.2 91,0 -31.4 L1671 P48 AR1A 28,4
— 120,0 -30,2  93.2 ~31.3 151.1 29,2 47.8 -34.7 147.6 «29.3 125,7 -30.0 354.2 =255 102.1 -30.9
-3 117.3 30,3 7903 .32, 134.7 29,7 64,4 32,7 07,0 30,7 1735 28,6 29,5 36,3 1283.6 -29.9
-2 107.0 307 50,1 -33.2 74,0 =32.3 1378 -29.6 A7.5 -372.7 173.5 -2%.4 3.5 -45.6 1072.1 ~30.9
-1 93.2 ~31.3  45.6 3h.4 38,8 ~35.1 165.7 —28.8 39.7 35,0 141.0 29,5 14.h L3808 R3.0 -31.8
o A9.1 ~32.6 33,1 -35,% 39,7 =35.0 165.7 -28.% 5.6 ~43.5 192.1 30,9 48,9 w341

1 53,6 33,7 20,9 =37.8 L7 =343 17R.6 ~29.9 7.5 =&7,1  A1,5 -3%.9 25.7 -36,9

2 28,1 —36.5 51.2 ~33.9 33,0 -31.8 5.0 —44.0 36,2 .35.4 44,6 345

3 20,6 -37.9 2801 ~36.5 42,6 =34.7 47,8 =34.2. AS.9 -32.% TR ~35.1

4 20.9 .37.8 7.1 —42.5 28,1 36,5 50,0 34,0 93,2 -31.3 4106 -36.R

s 21.3 W37.7 45,6 =34, 25,7 =36.9 89,0 _31.5 644 32,9

4 34,6 =354 36,2 =354 10.0 -41.0 2,3 ~41,7 R5.0 -31.7

7 43,6 ~346,6 74,5 _37.1 2.3 _47.3 17,8 _3R .S 16.6 _38.8

R IR, R =351 19.9 -IR,0 5.9 -43.3 34,6 35,6 74,0 2.3

@ 23,4 -37.3 11,2 -40.5 L3 =4kl?7 ST.4 =337 102.1 -30.9
19 5.2 43,8 25.7 »36.9 13,5 ~39.7 64,4 32,9
1 6.2 43,1 37.1 =353 10,2 ~40.9 27.5 ~36.6
12 4,5 44,5 331 35,8 37.9 -35.2 17.9 ~39.9
13 2 1.9 w4R.3 218 L37.6 27,5 =366 22.3 37,5
14 35.4 =35.5 L1 =bb,9 27,5 ~3A.4 63,6 -34.6 30.1 ~36.7
15 34,6 35,6 4,3 62,7 23,9 _37.2 43,6 34,6 34,6 =356
16 26,5 =371 0.9 -51.4 11,5 40,4 18,6 _38,3 9.5 1.2
17 B P07 k6.7 18,4 =383 17.0 -3R,7 2.4 87,7
18 3.9 ~65.1 26,5 371 RO 41,5 20.4 37,9
19 10,2 -4D.9 28,8 -38.4 1.6 —4R.9 S3.4 -33.7
2n 11,7 =403 29,5 L343 0.3 56,4 19,7 -35.0
21 Puh 6RO 21,3 376 0,1 -63.7 5.5 w636
22 L3 -41,% 4.0 -L5.0 0.7 <52.4 9.3 -41,3
23 F.5 56,3 10,0 21,0 0.1 59,6 2,3 47,3 2.3 47,3
24 0.4 -55.1 [T 0.1 =59, 0.5 -sL.¢ 10,0 —41.0
2s 3.1 -67.6 1.1 -50.5 n.3 -54.0 5.0 ~44.0 ®.9 -41.5
26 3.4 45,7 7,2 62,4 A3 630 1.0 50,9
27 1.7 —L#,S 15.1 =39.7 0.8 =527 TR.2 -3R.4
22 nL2 -SH.E 1505 =391 3.4 -25.7 12.9 -39.9
>0 0.7 ~52.8 10,5 -t0.8 1.3 49,7 Tih wh9 4
in 0.5 -54.1% I.A =45, L 0,7 -58.5 P =LALG 1 1.7 —4R.A
31 0.7 52,8 0,9 51,3 0.2 -5 1.2 3.4 65,7
32 3.3 -67.0 26 -nh R 1.1 -50.6 7.4 0 2.1 47,8
33 0.3 52,1 0.9 -51.3 0.8 ~57.2 A2 - o 0.7 -572.%
34 1.2 w5kt LT kRS 6.3 =51.7 5.5 7 Toh b4
3 n.1 -6 1.7 0.7 51,7
34 0.5 -53.9 L7 11 -6
3¢ b LB 1.2 -50.1 1.7 48,6
38 L1 =461 1.4 =49, n.? -57.3
37 3,2 ~65.9 2.9 hh L 1.8 ~48.5
40 —he1 3.4 =657 2.9 —66.3
o1 k6T 1.7 =501 n.5 -54.4
I 47,0 1.0 —LdL1 1.7 ~48.6
4% —enlv 1.4 -L9l4 1.0 ~50.9
7 ~57. .6 w5500 0.2 -57.5
o5 1 o-60,R AR 7.7 k200 2.0 —4EL0




TARGET STRENGTH (DB)

37

-32

T T T T T
DORSAL

38,1 - -

T T 7
VENTRAL

38.1 .

DORSAL

49.6 4 L

VENTRAL
49.8 i

DORSAL.
68. 4 u

VENTRAL
68,4

7 T T T
DORSAL

128.4 - L

i J

4

VENTRAL
121, 4

-36 ~-15 @ 15 38 45 -45 -3@

TILT BNGLE

(DEG)

-15

2 15 30 45

FIG. 2@. MEASURED TARGET STRENGTH FUNCTIONS OF FISH NO. 286:

POLLACK. 35.8 CM. 287 G.



TABLE 8. MERSURED TARGET STRENGTH FUNCTIONS CK. 44,5 CM, B35 6.

G

——————— 3R, KHT —mmeee - 49,4 KHT

w104 KPT e
e DORSALom o VENTAL— e DORSAL e VERTSAL. —POPSAL e VEHTPAL.o
THETA sn s sn TS sp TS sn TS sn TS sn TS
b5 2,0 47,9 -47.0 A9 -4i.5 A7 -41.6 3.1 =461 P.p 47,5 3.3 <45.%
-bh 0.7 52,3 ~44.0 5.4 w437 9.5 41,2 3.1 —4hL1 2.1 w78 n.6 53,2
-43 0.1 -60.3 ~41,4 1.0 i 3.7 ~46.0 .6 -54.8
42 9.0 A6 .1 ~41.0 3.7 2 24 —4b,® 7.1 -L2.5
-41 0.1 -60.5 .1 2.9 3 0.1 -82.2 15,1 -39.2
~40 0.5 -54.0 j 0.8 -51.9 20,4 -37.9
~39 1.3 -49.8 —46.7 2.2 4706 11,5 40,4
-38 2.4 ~47.2 —44.7 3.7 45,3 5.9 ~43,3
37 5.1 ~43.9 ~41.4 1.7 =4R.6 5.1 -43.9
~36 6.7 62,7 ~39.1 11,5 40,4 L1 k4.9
-35 RS =41.7 14,8 -39.3 29.5 _36,3 £,5 ~4d4,5
-34 8.1 41,9 10,9 40,4 37,9 -35,2 P.7 -b6.7
-33 ?.2 42,4 12,9 39,0 27,5 ~36.6 0.8 52,0
-32 7.4 =42.3 0 14,8 -39.3 7.1 ~62.5 0.6 -53,4
~31 9.8 ~41.1 1A 2 L3R.9 0.8 Z51.8 13,2 .39.8
-30 R.5 -£1.7 15,8 ~39.0 1105 40,4 14,4 39,4
29 3.6 S45,4 14,4 39,4 1%.6 -38,3 10,7 -40.7
28 1.1 50,5 12.9 399 16,6 383 B.5 41,7
-27 0.9 ~51.4 9.1 —41.L 1.9 ~48.3
28 1.3 49,9 L6 -hb ik 3.2 -46.0
-25 1.3 249.9 1.3 wb9.7 .8 -39.3
~24 0.6 ~53,1 3.5 =45.4 31,4 ~36.0
.23 2.5 10,5 40,8 39,7 35,0
-22 ? 14,8 39,3 41,6 .34.3
~21 1 19.0 -3%,7 ®.5 -41.7
-20 22,3 2375 3.4 45,7
-19 8.1 =41.9 10,0 -41.0
18 43.6 =346 23,9 -37.2
~17 . . 47,8 36,2 13,5 39,7
-16 48,9 ~34,1 13,5 -39,7 25,1 -37.0
~15 86,9 ~31.6 18,4 -33.3 29,5 ~34,3
~14 17,3 -30,3 52.4 ~33.8 18,2 -38.4
-13 1£1,0 ~29.5 A5.9 -32.8 70,7 -32.5
12 54,9 ~33.6 146,3 125.7 ~30.0
-1 5%.1 -32.6 134.7 s1.1 =319
~10 72,3 ~32.4 165.7 ~28.8 250,7 -27.0 25,7 ~34.9
-9 2235 .27.5 4066 —24.9 5.0 ~44.0
-8 315.7 -26,0 77,5 -32.1 34601 =25,6 407 -3L.9 379.5 -25.2  11.5 -40.4
-7 379.5 w.25,2 120.0 -30.2 308.5 26,1 18,6 30,3 31,6 36,0
-6 362.4 ~25.6 137,8 <294 149.5 -?R.7 524 -33.% 6001 _33,2 43,6 366
-5 P6R.Y -26.7 107.0 ~30.7 290 ~31.5 117.3 -30.3 64,6 -32.9 256.6 -26.9
-4 147.6 _29.% 93,2 _31,3 22,3 37,5 1647,6 .29,3 7.1 4205 625,38 L24.7
-3 AR.D =341 1094 -30.4 R.3 -1, 195,9 -24.3 02,1 -30,9  323.0 -25.9
-2 191,86 284 51.2 -33.9 131,46 _29.% 15.5 <39,1 213.4 -27.7 36,9 ~31.6  223.5 -27.5
-1 2277 =74 58.8 33,3 137.° .29.4 37.9 _35.2 2134 27,7 31,6 36,0 281.3 .26.5
2 758,7 ~26.7 AR.9 =341 1R1,4 -22.4 70.7 -32.5 2038 -27.0 10,7 =40.7  213.4 -27.7
1 245.0 —27.1 56.1 ~33.5 20%,5 .27.% 81,1 =31.5  231.3 24,5 2.8 5.9 w43.3
2 191.6 -22.4 75.7 32,7 209,5 -27.% F1,1 -31.9 30,5 _24.1 9.5 w1 2
3 27,5 n36.6 120,08 -30.2 97.5 -31,1 194,6 -23.1 16,4 =394 262.5 ~24 8 23,0 -31.8
4 21.8 &37.6- 83,0 .31.8 95,3 .31.2 145,7 28,k 12,6 ~4u 0 1094 -3 6 57,6 ~33,8 165,7 -28.8
5 42,6 =347 SRR -33.3 4.7 ~04.3 95,3 ~31.7 19.9 -38,0 SRR =333 107.0 30,7 234,00 27,3
" SB.E ~33.3 44,6 3.5 0.8 51,8 45,6 ~34.4 20,4 =37.9 536 -33.7 18,4 =383 149,5 -28,7
7 72.3 -32.4 © 33.1°_35.% 2.2 _37.6 141,0 _29.5 28,1 =365 177,5 .28.5 43,0 ~33,0 151.1 -29.2
@ 72.3 -32,4 25,1 -37.0 39.7 -315.0 199,72 -23.0 34,6 =35.64 2085 w37 .8 20,6 =37,9 301,4 ~26.2
9 30,8 ~36.1 32,8 35,9 37.9 35,2 207.5 -27.8 1.4 —L9.S 169.5 287 1.2 -50,2 156.,6 -29.1
10 9.1 =414 70,7 -32.5 107.0 ~36.7 36,2 ~35.4 117,3 303 3.2 -46.0 95,3 .31.2
11 201 47,7 491 L3726 58,8 -33.3 AR <341 4.0 =650 41.6 -34,%
12 2.5 47,1 56,1 _33.% SR8 3303 28,83 3604 S54.9 _33.4 0.5 54,0 5.2 4
3 20,9 37,7 38,2 -35.4 47.% =342 3.3 45,2 42,6 w347 2.5 27,0 R,1 =419
1% 25.7 -36,9 2.3 37,5 36,2 35,4 15.8 =39.0 14,6 38,8 144 ~39.8 7.9 -t2.0
15 18,2 38,4 30.8 —36.1
16 14,1 =395 LR mll D
17 15.1 ~39.2 0.5 ~53.4
1° S.7 —a3lt 0.8 -51.8
19 n.8 -51.7 FINAEYY 8 4
29
21
22
23
24
25
26
28
29
3 v -so.0 0.7 52,3 01 <603
3 1.0 -51,2 1.6 -51.2 N0 b4k
32 0.8 .51,7 0.8 .51.0 n,7 o528
33 05 -S4 N1 =597 2.0 iz lo
3z 9.3 56,8 (.0 b6, 1.0 =500
35 0,3 =548 0,2 .48.,3
34 nor U] .
37 1.3 2
30 1.0
3 .1
45 1.2 - 7.6 L6202 T4 A9 L4
I3 1.7 =502 17,9 =39.9 N3 56,7
a2 1,1 -S04 16,5 -38,% 1.1 ~50.4
43 Foh 534 16,2 _38.9 2.3 L4703
AL N1 ~40.0 12,2 -319,9 3.2 -45.9
L5 2.8 <7, S5 k3,5 7.7 -62.4 3.4 =657




TARGET STRENGTH (DB)

39

-20 T T ; T T T T T ; T
DORSAL VENTRAL
38.1 38.1 -

!

-20 T T T T T T T T T T
DORSAL VENTRAL

-3p b 49.6 - - 49.86 -

_4@ — - —

& ( ! ! ! ! I ; ! | ;

~20 T Y T T T T T T ; T
BORSAL VENTRAL

~3p b ///\\ 68. 4 . - 68, 4 =

~-48 7‘\ M - - -~

_&8 i ; | i ! : ; i

-20 T ; T 7 T T T T T T
DORSAL VENTRAL

s L 120.4 L 122. 4

i

_4@ L f—

_Sm - —

&2 ! ! ; ! i ; 1

-45 -30 -15 4] 15 30 45 -45 -3 -15 14} 15 30
TILT ANGLE (DEG)
FIG., 21. MEASURED TARGET STRENGTH FUNCTIONS OF FISH NO. 2@7:

POLL.ACK,. 44.5 CM. 835 G.

45



TABLE 8. MERSURED TARGET

THETA

45
whb

“42
41

-40
-39
38
-37
36

«35
~34
33
=32
=31

30
-29

38,7 KHMT womm-mm
—-VENTRAL-—

TS s8 <
-47.0 3.7 =457
-67.1 3.3 -45.8
~83.0 3.4 4507
~56.2 3.4 -L5.7
534 322 24509
51,4 2.6 46,8
-49.5 L6 —Lg
4904 419 441
-52.6 2.2 -47.5
668 3.8 L4502
w4B.0 4.6 wbbh
-4L7.2 L& b L
47,5 PR
-49.0 4.0 =450
-52.7 3.5 -45.6

12,0 ~40.2
10,5 ~40.8
22,3 =37.5
33.1 35,8

STRENGTH

“=PNRSAL -~
sa T

0.5

0.2

0.6

1.7

1.9 =48.3
1.7 wbR,6
1.5 49,3
T.b =47 4
1.5 w892
Toh =450
ARV
U4 SE R
0.7 =581
0.1 ~62.8
6.0 -6e,1
0.0 -6,k
R
0.4 -5e.8
1.3 =-51,8
1.7 —LB6
1.7 ~42 6
1.3 ~49.%
1.0 ~50.0
0.8 =520
1.3 A0 7
1.6 in 9
1.4 -eon
1.7 50,1
N =505
1,3 54,7
AR

FUNCTIONS

496 KN

—-vEnTRA

4

3.2

7.5

5.9

2.3 _41.8
10,2 ~40.9
20,4 =379
32,3 =350
45,6 -34 4
AT 32,6
23,0 -37.%
95.3 .31.2
1021 23009
104.5 =30.8
131.4 _29.8
151.1 -29.2
154.6 =29.1
146.3 229.4
172.8 -30.1
99.8 33,0
83.0 _31.8
A4 4 =32.9
4RI9 341
34.6 -354
25.7 ~36.9
2%.6 _37.3%
29.5 -346.3
33,1 _35.7
35.4 355
3504 -35.5
P8.8 36,4
17.0 -38.7
7.9 ~42.0

3.2 46,0
18,7 =3R4
20,4 37,9
14.% 39,3
4.9 =441
R.5 41,7
1115 3907

40

0.6 S.7

0.0 .2

9.1 4.0

1.1 5.4

4.7 ~4h3 5.6 ~43.5

7.1 =42.5 S.4 -43.7

5,2 —43,8 6.2 4%,
10,9 -4n.6 10,5 =4N_F
30,8 =361 37,9 -35.7
46,7 _34,3 76,0 303
57.4 ~33.4 91,0 ~31.4
79.3 .32.0 197,0 3.7
112.0 ~30.5 129.0 -30,2
199.2 -22.0 131,6 -29.%
294.6 26,3 147,46 293
315.7 =260 161.9 =279
281.3 -26.5 154.6 -?9.1
52,4 —33.8 1443 29 .4
0.9 -40.6 102,11 =309

0.2 -58.0 A1.5 33,1

1.3 49,9 31,6 36,0
51,2 -33.9

29,5

13.5

1.5

-47.0
0.3 .55.%
1.6 =49.0
L7 =443

11,7 4003

25,7 ~16.9
33,1 -35.8
67,5 32,7
203.8 -77.9
281.3 26,5
P7L,9 26,4
177.5 =28.5
19.5 ~37.1
128,66 =29.9
28.1 -36.5

7.1 82,5
S3.4 -33,7
44,6 32,9

9.3 -£1.3
1.8 -37.6

12,4 40,0
«lp _ual?
1.7 -4’07
0.3 .52.2
5.9 -43.3
11.7 40,5
16,6 380
PO.4 =37.9
17.3 =38.4
10,2 40,9

oM. 385 G

(317 S
T
<5 Te

3.0 —46,2
2.0
4.7
£,7
(1

bt

17,
33,
37.1
24,5
20.4
35,4
18,6
19.9
23.9
9.3
£1,5
56,1
51.2 -33.9
107.0 -30.7
230,64 .27.2
323.0 ~25.9
262.5 ~26.3
169.5 28,7
02,1 -30,9
R9.0 -31.5
5%.6 ~33.7
141.0 29,5
1511 ~29.7
7203 32,4

12,9 ~39.9
1.6 69,4
1,9 42,5
1.1 -50.7
0.5 -54,1




TARGET STRENGTH (DB3

41

-28 T T T T T T T T T T
DORSAL VENTRAL
~30 - 38.1 - - 38.1 .
_4Z — - |- -
—&2 : L : m | ¢ ! . !
—20 T T T T T ; T T T T
BORSAL VENTRAL
s L 49.5 1 L 49,5 i
g 4
-68 : '
-2 T T T T T T 7 T T 7
VENTRRAL
-30 68. 4 -
40 N
-52
-68 1 i
~-20 T y ; T T T T T T T
DORSAL VENTRAL
3z L 2.4 L 120.4
—4F H L /\/\p -
5@ N {VN LJQ
_60 Jf/:\ i | i t\ 1 L U
-45 -3 -15 2 15 30 45 -45 -30 -15 @ 15 3¢ 45

TILT RANGLE (DEG) '

FIG. 22. MEASURED TARGET STRENGTH FUNCTIONS OF FISH NO. 209:
SAITHE. 38.5 CM. 2088 G.



42

TABLE 1@. MERSURED TARGET STRENGTH FUNCTIONS OF FISH NG. 213: POLLACK. 34.5 CM. 258 6.

mmme 38,1 KNZ mmmmeae emmeen 49,4 KMZ —wmmmee mmmeean BB 4 KHT wmmmmen —wmm 1204 KNI memeee
DORSALoe v VEHTRAL — —PORSAL—— W VEHT AL PORSAL e VFHTRAL .~ mDORSALewm  ~—VEHTRAL-=
THETA SR s SR T8 SR TS §n T sn TS sn T <8 TS 58 T
45 0.2 -58.3 0,1 -83,0 L R =442 0.8 -51.9 0.2 -4n,9 1.4 k9.4 13,5 -3%.7
44 0.2 .57.2 0.9 51,5 5.7 _43.4 1.1 50,4 2.1 WAT.7 13,8 L39.6
=43 0.2 ~58.1 1.6 =4R,9 b4 =029 0.2 =572 N4 =551 A3 43,0
b2 0.3 .56.6 1.7 W4B.E 5.5 43,5 .4 w548 1.2 -50.3 7.9
~41 0.4 -55.2 0.6 ~53.0 304 457 0.7 .52.4 36 45,4 5.6
~40 0.1 ~62,2 0.0 ~66.5 3.9 -45.1 .2 =57.4 3.0 -46.7
-39 .6 53,1 0.5 -53, L5 4L, 2.1 47,7
“38 1.6 =290 0.7 -57.% 2.9 ~Lb.4 £07 62,7
~37 2.5 -47.1 0.1 =60.9 1.1 -50.6 3.4 -45,7
~36 2,7 w466 1.0 ~51.2 1.0 -50.9 A1 -59.5
~35 2.6 =469 0.7 -52.3 9.9 -51.5 - 0,5 n54,2
34 2,0 47,9 0.8 -52.1 n.z 58,5 5.4 ~63.5
-23 1.1 50,5 1.8 ~48,5 0.6 53,2 5.2 =43,8
-32 0.6 53,0 2.9 ~46.3 2.6 kb9 2.9 =4 L
=31 0.4 =55.2 3,0 48,2 3107 45,3 1.6 96
-30 0.1 -59.9 2.3 47,4 £.9 64,1 0.5 —54.2
-29 0.2 -57.9 T.R “4R.S LR 44,2 3.7 -46.0
28 0.2 58,6 2.4 47,2 9.1 —61,2 hl2 631
-27 0.1 -61.0 2.9 =46.3 13.8 -39.6 5.5 =63.4
~26 0.0 44,5 3.2 66,0 10,2 -40,9 1.1 =50.7
25 9.2 1.6 49,0 b 54,6
~24 1.4 7.1 ~67.7 N.6 -53.0
~23 2. 1.1 250,5 5.0 —44,0
-22 2.9 4.8 =647 9.1 41 .4 15.1 39,2
-21 41 6.2 =431 13,5 ~39,7 [V 2603 -34.R
~20 5.9 5.6 43,5 15.1 -39,2 6.9 82,6 7.9 ~52.0
-19 b7 4.3 -4, 7 13.2 -39.8 10.9 -40_4 3.5 ~45.A
~18 4.0 2.7 b8 A9 42,6 1.5 40,4 4.0 -45.0
-17 7.1 1.6 4R 2.7 46,7 14.8 .39.3
-6 13,8 1.9 ~48.3 4.7 -64.3 23.9 -37.2
15 17.3 2.7 46,6 7.5 w4i.2 30.8 -36.1
~14 19.9 LR -tb,2 14,4 ~39.4 4.9 44,9
~13 21.3 H.b «42.° 11.7 =40.3
~12 20,4 RS 41,7 0.0 w410
-11 1.3 10,9 Z40le 1.7 =Ti.4 47.3 ~4B.d
10 14,1 39,5 70,7 -32.5 42,6 =347 93,2 =31.3 1.9 ~48.1
-9 17.8 ~38.5 93,2 w313 53,4 337 69,1 32,6 9.3 w41.3
-8 22.3 -37.5 112.0 =305 © 50.0 =340 644 =329 17,3 =3R4
-7 25.7 «36,9 120,0 —30,2 35,4 35,5 191,86 _28.4 46,7 34,3
-6 29.5 -36.3 134.7 29,7 21,3 -37.7 144,3 _29.4 26.9 34,7 4066 24,9 §7.5 -31.1
-5 30.8 -36.1 154.6 29,1 79,5 =36.3 P13.4 -27.7 42,6 -34.7 370.9 -?25.3 1582 -29.0
-4 30.1 36,2 144.3 L29,4 35,4 35,5 245.0 27,1 262,5 ~26,8 194.6 _28.1
-3 26,9 -36.7 112.0 -30.5 239.4 =27.2 161,9 28,9 185,90 =283
-2 22.9 _37.4 53.0 33,0 70,7 -32.5 h.? =442 120.0 -30.2
-1 195 23201 3318 13507 13,8 -39.6 1305 <3907 2905 -36.3
a 17.8 -38.5 1.0 -50.8 S.? ~43.% 1.5 =491
1 £.3 41,8 8.1 41,9 21.3 .37.7  15.8 39,0
2 1.9 -48.1 12.9 39,9 37.1 ~35.3 boh —b4L6
3 0.7 =57.3  51.2 -33.9 ?1.3 -37.7 39,7 -35.0 2.2 =L7.6
4 1.6 49,0 HTL1 231.9 22,9 37,4 3.5 —b3.6 2.5 47,0
s 69.1°-32.6 RS ~41.7 93,7 -31.% 13.5 -39.7 1.0 =51.0 .3 41,8
4 A1,5 ~33.1 20,4 -37.9 95,3 -31.2 D.4 =S4, 0.3 -56.3 7.7 -42.1
7 47,8 34,2 15.8 239,06 79,3 _32.0 T4 L5,7 0.7 -52.5 12R.6 ~29.9
% 25.1 -37.0 R.9 ~41.5  63.0 -33.0 4.5 4L,S AT 13,8 -39.6 1582 -29.0
9 21.8 S37.4 6,2 57,4 53,4 .33,7 1.9 —4BLT 0 GRS 341 1.5 -49.3 112,06 -30.5
1 28,8 ~36.4 PL6 ~LAR 50,0 34,0 3.5 45,5 41,5 33,1 12,9 239.9 43,0 33,0
11 33,1 -35.8 hoB —L&,2  4h.b -3L.5 5.1 1501 =39.2  38,R =359
12 34,6 ~35.4 3.7 45,3 40,7 34,9 4.2 3.1 —4A.1 41,4 348
13 34,6 -35.4 1.7 ~4R.R 35,4 ~35.8 0.9 10,7 ~40,7 SRR ~33.3
14 3.6 3600 1.7 =4R.6 26,5 -37.1 5.9 14,6 ~39,4 14,8 =39.3
15 23.9 -37.2 T 461 316 36,0 6.5 nhh,S 2.0 47,9
156 17.0 -3R,7 3.n 5.9 ~43.3 5.5 —43.4
17 1.5 2.5 w471 n.6 -52.9
18 0.1 B4 567 17.0 38,7
19 0.6 =538 0.8 =519 18,6 -3R.3
20 2.7 ~t4,7
21 2.7 4A7
22 1.8 .47 4
23 2.9 n4b4
24 1.5 -45,5
25 1.5°=49,1
76 0.8 =567
27
22
29
30
31
32
33
34
35
14
37
38
39
&
&1
42
43




TARGET STRENGTH (DB)

43

-20 T T T T T T T T T T
DORSAL VENTRAL

~33 - 38.1 - L 38.1 4

—4Q -

=14 WA

-0 T T T T T T T T T T
DORSAL VENTRAL

_3p - 49.86 - - 49.8 4

—4Q - p

ol //‘/

-50 1 H M

-20 T T T T T T T T T T
DORSAL VENTRAL

_3p L 68. 4 1 L 6.4 4

_4 = - .\/\\ -

_Sz f

&g | i : L | : | ;

-20 T T T T T T T T T T
DORSAL VENTRAL

_ag L 122.4 | L 128.4

ol | 1 |

u "W I ot Y |
-5 !}/ \ | \/ f\/\q L \,’ V)
IR | ,
5@ i 1 L ! i | i 1 ! i

-45 -38 -~15 2 15 32 45 -45 -3 -G 2 15 38 45
TILT ANGLE (BEG)

FIG. 23. MEASURED TARGET STRENGTH FUNCTIONS OF FISH NO. 213:
POLLACK. 34.5 CM. 258 G.



TABLE 11. MERSURED TARGET STRENGTH FUNCTIONS CF CM., 4088 G.
mememmm 3AL1 KHI meee meemmen 49,6 KHZ mmmmmen 120.4 kn7
e BARSAL- —-VENTOAL - --hARSAL---  --VENTRAL
THETA T< L] T2 58 T L I 58 T
“45 17.0 -38.7 .8 -51.9 12,3 401
4k 20,4 ~37.9 1.7 -50.7 9.7 <41.1
43 22,3 3705 1.0 -S0.9 91 414
42 22.9 37,4 1.5 4.1 -46.9
41 22,3 23705 I3 32 -46.0
-40 21.3 37,7
-39 19.5 -38.1
38 15.1 39,2
-37 12,3 401
-36 9.8 o411
~35 7.7 421
-34 b -02.9
33 5.6 63,7
-37 4.2 -uh.R
~31 1.9 -43.3
=30 2.3 47,3
-29 2.3 =473
—28 2.1 wb7.%
-27 2.9 46t
~26 4.9 =441
-25 5.6 L35
~24 [N ARV
~23 BT -41.6
~22 14,1 =39.5
-21 14,6 -39, 4 RS =41.7
13.2 -39.3 5.9 -43.3
9.5 —41.7 10.9 40,6
A9 =L2 A 26.0 36,7
LI Y 51.7 ~33.9
9,5 -471.7 53.6 33,7
~15 7.2 42,4 n.9 PR.R 36,4
~14 5.5 w43.6 8.7 15.1 39,2
=13 4.0 45,0 5.1 3.1 -36.7
~12 Aoh b 6 6.9 316 b7 w4t 1 @ -35.1
~11 41,6 =34 .8 10,5 66,9 123,07 30,2 15,8 ~30.0 29.5 36,3
-10 50,0 -34.0 25,1 -37.0 RO.9 =314 1378 =294 1%.2 ~3%,4 2.5 -47.1
-9 48,9 L3401 23,9 37,2 27.5 31,1 158.2 f 12,6 38,3 0,7 .52.7
=R 4.6 =345 27.5 =36.4 107.0 ~30.7 1495 -2R.7 18,6 3703 1.5 49,1
-7 41.6 34 .8 45,6 -34_ 4 107.0 -30.7 141.9 =289 45,4 =34 .4 245,0 =271 41,6 -34.°
-6 7.5 -32.7 61,5 =331 107.0 -30.7 20R,5 27,8 120.0 -30.2 274.9 266 109.t 30,4
=5 99.R ~31.0 77,5 =321 1094 30,6 301,24 <?6.2  141.0 <295 281,03 26,5 181,6 ~28.4
-4 317.3 ~30.3 91.0 31,4 14,6 23004 323.0 -25.9 141,90 -29.5 POR.S ~27.R  141.0 -29.5
-3 125.7 30,0 9.8 31,0 112,0 -30.5 296,6 26,3 141D 29,5 37.9 ~35,2 120,00 30,2
-7 122.8 =30.1 104.5 -30 89.3 -31.5 104.5 d =29, 4 44,6 «34.5 1R A -PR_4
-1 1146 230,06 1094 - 31.6 w360 17.3 . 79.3 32,0 185.9 28,3
[ 97.5 31,1 97.5 =31.1 11.7 ~40.3 30,9 165.7 w28.8
1 21,0 =314 16.6 =382 ~31.5
2 95,3 31,2 23,9 -37.2 -31.%
3 97.5 ~31.1 30,1 ~36.2 -31.7 30.R -36.1
4 91,0 31,4 29,5 36,3 -30.7 27.5 -36.4
s 3101 =31.9 ?25.1 37,0 37,1 ~35.3 60,1 33,2
4 6.4 -1p.0 17,3 32,6 7.7 =325 169,5 ~28.7
7 4h,6 36,5 11,2 40,5 95,0 31,7 141.9 ~28.9
< 22,3 =37.5 L0 -65.C 8101 »31.9 128.6 29,9
9 7.9 -A63 53,4 ~33.7 &7.5 -32.7
14 12.0 ~40,7 ALk 42,8 A1.5 3301 1.5 =491 26,9 38,7
11 1.7 -40.9 16,2 ~40.9 AL =379 3.7 «h6.0 9.8 =41,1
1z G.t 54,9 7.1 4205 15,5 -39.1 9.3 9.8 -4
13 4.5 445 3.9 —65.1 1.0 10,5 L6008
14 bk -bdd 1.1 =505 0.4 L8 kb2
i 4.3 667 . 2.9 ~bhL4 1.1 -50.4
16 3.7 -hALD 9 5.5 ~43.6
17 1.9 -42.1 1.7 -648.R
18 2.6 —LA R
19 1.1 LA
20
21
27
23
?4
25 0.1 -A1. 4
24 a4 55,7
27 Ny o=sT.7
28 LA T
20 10 LAL,0
30
31
i
34
35
36
37 4
I 15,1 =390
39 13.% 219,48
40 =l
3] R
L2 o~
43 L7
2 .
L5 1.8 LLa,n 0,3 ~56,7 P.9 LA S,1 -6n,0




TRARGET STRENGTH (0B}

45

T T T T T
DORSAL

38.1 — -

T L
VENTRAL
38.1 4

-20 T T —T  E—— T T T T
DORSAL VENTRAL

_3g % 49.6 . - " 48.8 -

4P - .

_5@ -

-GG L | 1 l 1

~20 T T T T T T T T =
DORSAL VENTRAL
68. 4 L 68.4 .

-20

-30 ~

DORSAL
12@.4 4

I

VENTRAL
12@. 4

-5

-3 -1S [ 15 30 45 -45 -38

TILT ANGLE

(DEG}

-13

15 30 45

FIG. 24. MEASURED TARGET STRENGTH FUNCTIONS OF FISH NO. 214:

POLLACK. 39.@ CM. 406 G.
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TRABLE 12. MEASURED TARGET STRENGTH FUNCTIONS OF FISH NO. 215: POLLACK. 37.8 CM. 332 G.

mmmmews 38,1 KNI meemres ccemeen 49,6 KHD =—mmawn mmmm——— 68_4 KMZ -
e DORSAL e e VEHTRAL e —DNREAL e o VEHTP AL —DORSALam o VFNTPAL o
sn s SR s sn S sn TS sA s §o Te
~52.2 3.7 =453 0.8 -52.2 7.6 -4A.8
=54.1 2.5 —47.0 a.5 2.3
-54.3 2.3 -47.3 o, 1.2
~51.4 3.8 45,2 0,6 3.4
~4R.2 4.7 “tal3 0.3 .
~44.6 4.0 -45.0
—t6.5 2.5 =471
~&7.R 3.0 =46.7
-49.3 3.5 «45,5
=52.1 3.6 45,4
-55.n 3.2 =45.9
—4P 4 2.1 67,8
-49.0 2.8 44,5
~50.7 2.9 46,4
7.8 209 46t
~45.6 2.6 k7.2
~45.R 5.5 -43.6
47,1 0.7 207
-49.8 12,9 =39.9 1
—46.6 12.0 ~40.2
b8 4 8.5 =617
-55.18 3.4 ~45,7
-61.1 1.9 48,3
-50.5 3.7 46,0
-46.7 &7 —4207
T 7.2 w424
~42.7 5.5 ~43.4
41,5 2.8 66,5
~41.3 3,6 45,4
~40, % R.S -41.7
~39.4 19.5 38,1 12.0 40,2 11.5 <404
-39.9 3R.8 =35.1 37.3 35,9 29.5 ~34.3
-3R.2 69,1 =32.6 45,4 34,4
~77.2 85,7 31,7 53,6 31,7
“34.1 97.5 -31.1 51.7 -3.,°
~35.3 93.2 =31.3  4R.9 .34.1 184.3 =294 AN ~33.2
34,2
-32.9
31,9 169,5 J28.7 74,0 -32.3
-31.1 169,5 —2R8,7 45,9 .32.R
~30.6 149.5 -2R.7  97.5 -31.1
~30.2 165.7 ~28.8 131.4 _29.8
-30.0 151,1 =29.2 173.5 28,6
~30.0 56.1 =33.5 1R5,9 -28.3
-30.0 7.6 42,2 17705 ~28.5
~30.0 R.3 =41,R 147.6 -29.3
-36.7 13,5 =39.7  112.0 _30.5
-30.4 39.7 _35.0 43,0 33,0
-30.2 0.7 -34.9  A7.S =327
-31,9 31.6 =36,0 47,5 -32.7
~33.2 14,4 =39.4  AR.Q =321
35,8 N1 61,4 PR,T 345
-39.7 6.2 —43,1 AL,k 32,9
~39.8 10.7 =40.7 107.0 ~30,7
-36.9 11,5 <404 109.4 30,4
-34.% 1.7 6.7 w62.7 93,2 .31.3
-33.7 4.8 4.8 <hb.2 26,9 =367
138 2.9 7.2 —42.6 2004 379
-34.4 3.2 . 12.6 ~L0.0 34,2 =354
~36.1 0.5 54,2 24,5 ~37.1 15.5 39,1 37.1 -35.3
-40,4 L9 ~51.3 12,6 40,0 L5 =306 1905 L3810
-44.1 t.0 -t5.0

~40.R

11,5 ~60,4

120.4 XHZ

—PORSAL—— VEUTPAL-

s s S8 TS

2R 465

1.8 484

0.8 _s1.7

nle =saly

0.1 -60.1

0.6 =53.2

1.7 -48.%

0.8 .53

f.R -51.9

0.8 -51.9

f.R 52,1

1.1 =461

5.2 43,8

5.5 =43.6

4.1 ~44.9

4.0 45,0

3.6 <4504

2.5 w671

1.3 499

0.5 -53.4

[ N

9.3 -=41.3

7.7 -42.1

LS 44,5

0.3 -56.1

0.8 ~51.7

0.7 .52.5

P2.9 C37.2

21.8 37,8

R.1 ~21.9

10.9 -40.4

26,9 ~36.7

28,1 -34.5

0.4 -37.9

L3 ~ha 7

95.3 ~31.2 3.3 ~45.8

149.5 28,7 23,4 ~37.3

185,9 =2R.3  3R,R ~35.%

274.9 26,6 43,6 o346

A01.5 23,2 26A.7 -26.7

354,72 -75.5 262.5 ~76.%
51.2 -33.9
5.4 -43.7
33,1 =158
104.5 30,8
19,9 -3».0
15,5 =391
16,8 39,3
35.4 -35.5
2.3 ~47.4
7.6 w627
1.0 =51.1
2.3 4704
R.3 =41,
1.9 482
4.8 —at,2
L,% =447
1.6 4904
11,7 -40.5
1.2 -50.2
L7 52,5
L3 =13

W5 LS LA

2 L4859
9 =51,3
1 -59.5
1 ~A0.0
3 -5A.6

-56.1

494




TARGET STRENGTH (DB)

47

T T T T T
OORSAL
38.1

T T
VENTRAL
38.1

DORSAL
49.6

VENTRAL
48.6

DORSAL
68. 4 -

VENTRAL
68,4

-20 T T T T T T T T
DORSAL VENTRAL
_ag L 128.4 120,
40 B
-50 .
_s0 1 L ! i n
-45 -3@ -15 @ 15 30 45 -45 -3¢ -15 15 30
TILT PNGLE (DEG)

FIG. 25. MEASURED TARGET STRENGTH FUNCTIONS OF FISH NO. 215:

POLLACK, 37.8 CM. 332 G.

45
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TABLE 13. MEASURED TARGET STRENGTH FUNCTIONS OF FISH NO. 216: POLLACK. 36.5 CM, 343 G.

-2

14

-10

38.1
—DORSAL-—m
I3} TS

s
Lo
1
w
o

[Fvy e
ranihw
[l
~
o
EN

EVRrEe
LN~
1
N
w
~

PPNV

Srake
1
=~
=
=

woco e
rubb
'

o
w

1228 =30.1
102.1 ~30.9
/3.0 -31.8

KHZ
—-VENTRAL
[
0
a
2
)
1.5
2.1
2.6
2.9
2.9
3
5
4
7
7
5.6 43,5
4.0 ~45.0
2.3 LL7 4
1.3 50,0
5.0 -46,0

- 49,6 KRT mmemm —
1SAL-==  —-VENTAAL-=
TS SR Te
-41,4 1.R =434
~61.6 2.2 -4?.5
~42.1 1.7 48,7
-43.7 1.3 -49.9
48,1 2.2 —47.5
52.6 3.2 —45.9
~50.8 3.5 45,5
5001 3.6 452
=549 3.5 -45.6
0 .55.5 3.4 45,7
53,4 3.2 46,0
~65.8 2.4 -7,
49 L 1.7 48,8
-t3.0 1.0 -50,9
-43.5 G.R ~52.1
2.3 _47.3

1421 23905
14,6 _39.8
P1.3 _37.7

&85,0 -31,7

95.3 31,2

89.0 «31.5 95,3 31,2
93,2 -31.3 0.7 -32.5
134.7 -29.7 bh 6 =345
181.6 ~2R. 4 2R.B L3A 4
194.6 =271 41,6 =34,
161.9 —28.9 58.%3 ~33.3
102.1 ~30.9 91.0 31,4
SRR ~33.3  114,.6 -30.4
65,6 34,4 1257 -30.0
=35.8 100.4 -30,4

-37.1 54,1 -33.5
-43.9 23,46 37,3
45,4 40,7 =349
~35.8 R9.4 31,5
~32.6 104,35 30,3
~32.5 104.5 -30.%

43,6 34,6 72.3 .32.4
12.9 -39.9 29,5 =36.3
2.6 46,9 46,7 =343

11,7 40,3
141 -39.5
26.9 _34,7
29.5 _36.3

1.2
1.5
0.5
ToR -4BIS
[ R
L7 =it 1
2.0

5.7 45,0
Db o~hl,2
1.0 _462
yi0 Tanls
2.4 55,8
U7 LS? LA 0.9 w320

8,5

9.8

6.0 «43,2
0.9 _40.6
1308 <394
16,1 ~39.5
10,2 40,9

4,1 -4k 9

3.6 45,4

L.R Lbh?
12,9 -39.9
26.9 —36,7
53,6 =337
85.0 -31,7
10405 30,8
09,4 -30.6
1094 30,6
104.5 ~30.%
97.5 ~31.1
120.0 -30.2
223.5 -?27.5
274.9 -26.6
199,2 23,0
74.0 -32.3

0.3 -54.6

70,3 -37.0
91.0 ~31.4
29,0 -31,5
77,5 -32.1
57.4 3304
74,0 -32.3
93,2 ~31.3
93,2 31,3
3.0 -31.8
64,4 _32.9
446 ~34.5
45 & =346 4
50.1 _33.2
41,5 ~33,1
52,04 338
0.8 _36.1
332 -35,7
31,1 -31.9
9.0 =31.5
hbb -37.9
12,0 ~41.2
43,0 ~33.0
147,46 293
147.6 29,3
§1.2 -33.9
L1,6 348
75,7 -37.7
A7.5 -32.7
15,1 -39.2
re.5 =37.1
30,01 36,2
25,7 34,9
R,9 «41.5
4.3 o6a,7
AT -2

~46.6
-53.0
~55.%
46,5
~43.3

~39.3
~36,6
~35.9
~37.2
30,8

~29.1
28,9
_29.5
~26.4
—24.8

2R7.%
416.1
301,84 26,2
-31.3
48,3
~32.7
~3004

-35.8
“49.5
~35.9
-36.0
~39.4

~-55.8

63,9

0.9 -51.4

1.0 50,9




TARGET STRENGTH (0B)

49

-30

_4@ —

o)

T T T T T T T T T T
DORSAL VENTRAL
38.1 - - 38.1

T T T T T T T T T T
DORSAL VENTRAL
48.8

49.6 -

DORSAL VENTRAL
68.4 . - 68.4

-20

~40 +

-6

DORSAL VENTRAL
120, 4 4 120. 4

1 | | i A 1 |

45

-3 -15 1] 15 30 45 -45 -30 -1S @ 15 30
TILT ANGLE (DEG)

FIG. 26. MEASURED TARGET STRENGTH FUNCTIONS OF FISH NO. 216:
POLLACK. 36.5 CM. 343 G.

45
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TABLE 14. MERSURED TARGET STRENGTH FUNCTIONS OF FISH NO. 217: POLLACK. 34.5 CM. 253 G.

- 38,1 KHI 49,6 KHZ bR 4 KMT —wm 1204 KHZ -
e DORSAL—— o VENTRAL.— —NORSAL—— . VENTPAL-— e DORSAL——  —VENTPAL— —ROPSALe o VEHTPAL==
THETA sn TS sn TS sn TS &0 TS sn = sn 1< sp s S0 I
-45 0.1 -41.0 2.8 =46.5 n.s -s3.7 2.3 =474 -43,7 2.0 -am.n 7.1 -47.5
-44 0.1 62,7 3.2 w459 0.7 -52.8 2.6 46,7 42,7 1.1 4.7 k2.7
~43 0.6 -52.9 3.7 -45.3 1.2 -50.2 2.9 ~L6,t -42.2 0.2 =57.3 5.0 24N
42 1.3 49,9 3.7 65,3 1.3 ~49.7 3.2 ~45.9 -43,4 0.3 5.1
-41 2.2 47,5 3.5 45,5 0,9 51,5 3.9 —45.1 LA 6.4 £.0
-40 -42.9 1.4
39 47,5 1.4
~3R 4519 2.5
37 -44,7 5.4
36 632 4.0
~35 -57.1 5.6
~34 -54.3 2.0
-33 -52.2 2.5
32 -56 .4 2.4
-3t ~A1.3 1.1
-30 -54.7 0.4
~29 -54.9 2.5
~28 -59,7 5.4
-27 -53.3 6.9
~26 -47,5 6.7
=25 -43.7 bob —62,9
-24 ~41,R 5.9 ~43.3
-23 ~40,9 B oohe,2
=22 w430 an .7
21 ~39.2 -463
-20 —-38.3 —4n,7 8.1
-19 -39.1 -41.1 7.9
~18 -43,9 ~41.6 5.5
=17 —51,.4 —63 .4 2.3
-16 -51.5 -4L,5 43,6 =366
~15 —4R.A —48 4 30.1 ~36.2
-14 -37.4 ~60.1 15.8 ~39.0
13 -34.1 ~55.3 Lk
~12 31,0 ~53.3 3
~t1 -31.5 EEEN 3
-10 ~31,5 ~£2.1 14,5 =108 26,9 ~36.7
-9 -31.5 ~37.0 169,5 28,7  12.9 .39,9
-R ~31.3% “34.7 1RS¢ =PR.3 1.0 -51.0
-7 147.6 ~29.3 21,3 37,7 ~29.5 -33,9 151,1 =29.2  20.4 ~37.9
-6 1443 =29.4 30,1 34,2 “27.3 33,9 203,8 ~27.9 107.0 -30.7
-5 137.8 =296 67,4 =334 -27.0 ~34.9 344,10 =25.6 154.6 =29.1
-t 120,0 30,2 12,0 -30.5 ~28.2 ~33.7 234,0 ~27,3 185,9 28.3
-3 29,0 =31.5 165.7 =2R,® -31.0 ~30,6 35.4 =35.5 1R1.6 -28.4
~2 43.0 ~33.0 199.2 -28.0 “33.R -29.2 17.0 =3R.7 93,7 -31.3
-1 43.6 —34.6 213.4 27,7 ~37.5 ~2806 7203 -32.4 120.0 -36.2
4 25,7 ~36.9 158,27 =29.0 1.5 -49.1 -2%,4 120.0 -30,72  77.5 -32.1
1 13.5 -39.6 104.5 ~30.2 17.0 38,7 -30.5 -35.8
? 5.9 ~43,3 45,4 -34.4 39.7 35,0 ~33.5 ~39.8
3 0.4 =54.% 28,1 =365 51.7 -33.9 -34,0 -34.6
4 5.5 ~43.6 42,6 ~34.7 47,8 -36.,2 ~36.5 ~-30.4
H 27.5 =36.6 57,4 =33.4 2.7 ~4h.7 -37.2 30,0
4 44,6 34,5 54,1 =335 2.3 47,4 ~e3,0 -32.6
7 179 Zuria ~37.5 ~36.2
.8 0.7 =57.4 ~33.9 =34.0
° 2.7 k6.7 -33.1 ~40.5
10 9.8 1411 -33.2 12,3 40,1 37,9 ~35.2
11 9.3 ~41,3 ~34.3 1R.2 ~3IR.4 40,7 =34.9
12 4oh bk b ~35.9 9.1 41,4 20,9 -37.8
13 1.0 -51.1 ~41.3 2.5 -47.0 9.8 ~41.1
14 2.9 ~46.3 -47 .0 6.3 -43.0 1.9 =4R.3
15 5.6 43,5 [T 4.0 45,0 10,9 -40.6
16 5.0 -4L.D ~39.1 11,2 =40.5
17 n.7 .52.3 43,2 5.9 43,3
18 0.1 =A1.R ~51.% 0.1 —63.5
19 N, =A3 .4 =411 7.7 &2
21 4.2 .5R.3 ~36.3 10,7 ~40.7
21 0.6 -57,9 -33.n 5.4 =43.7
22 1.4 49,4 ~42 .6 2.6 46,9
23 0.9 —51,4 —51.9 4.0 245.0
I 1.6 ~49.6 ~49,5 2.4 =47.2
25 1.7 48,2 ~55.2 10,0 -£1.,0
26 1.6 w489 ~47.7 Lol 44,9
27 0.5 =54.% ~43.1 0.4 =533
28 9,1 AR3 -41.,9 0.3 -56.0
20 0.7 ~58.3 s 1.3 -49.R
30 1.6 48,9 .4 54,5 2.1 47,8
31 1.3 «49.8 ~4h.7 10,0 -41.0
2 2.6 ~4AS 2.9 463 2.6 46,9
13 512 -tile 7.3 w27t 4.3 447
34 AT -7 2.1 -t7.R 5.6 ~43.5
35 7.1 42,8 374 2.1 47,8
34 Li6 -bht -i0ln 4.3 —en 7
37 4.2 wbh P ~td b 2.8 -k6,S
In Lt oeh 3 56,1 15.8 -39.0
17 3.5 -45,5 -54,5 12.9 ~39.9
&0 0,9 -51,3 ~50,58 2.9 ~46.3
ot 0.5 547 ~51.4 0.8 -52.1
«2 NG o-kn7 —56 A 4.8 —44.2
43 N1z ~5204 —55.8 5.5 —43.6
I N2 -0, -sA.n 0.7 =52.6
a5 2.0 47,9 2.5 w47, G wAS,7 01 63,7 0.8 ~51,7




TARGET STRENGTH (DB)

51

-20 T T T T T T T T T
DORSAL VENTRAL
-39 r 38,1 . b 38.1 -

DCRSAL VENTRAL
-39 48.6 = - 49.8 ~

DORSAL VENTRAL
68. 4 - - 68.4 E

-20 T T T T T T T T T T
DORSAL VENTRAL
120. 4 L 120, 4 -

A -
-45 -3 ~1S 2 15 38 45 -45 -36 -15 4] 15 3@ 45
TILT ANGLE (DEG)

FIG. 27. MERASURED TARGET STRENGTH FUNCTIONS OF FISH NO. 217:
POLLACK, 34.5 CM. 253 G.
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TABLE 15. MEASURED TARGET STRENGTH FUNCTIONS OF FISH NC. 218: POLLACK. 32.5 CM. 257 G.

e L9, KHI wwew 4 xuz 120,46 KHZ e
—=DORSALw== --VEMTRAL “mVENTRE( == w=DARS AL -

THETA se T sB s Te <8 s sa TS
-&5 3.2 ~46.0 0.6 .52.9 2.3 47,3
=4k 2.7 66,7 0.2 -52.1 7.7 k66
=43 0.3 -55.8 2.9 46,3
=42 1.9 -4R.3 1.1 -50.6
-41 2.6 4.2 0.7 -52.3
-40 2.8 ~th.S 3.7 ~45.3
-39 P2 -7, 6 5.7 -43.L
38 1.4 495 5.9 .43.3
-37 2.9 =LA L4 5.4 43,7
=36 3.5 <456 5.6 -43.5
~35 3.2 w459 B.7 1.6
-3 1.9 -tn 9 A3 =430
33 1.6 _400 3.5 -45.5
-32 1.9 o453 2.0 480
~31 1.4 -49.4 1.0 =511
~30 0,3 52,0 0,4 55,2
-29 2.4 =Lk 9 0.4 569
28 . . 5.1 43,9 1.3 -50.0
-27 15,8 -39,0 11,7 603 7.2 —b2.4 3.3 m65,8
-26 12.0 40,2 R -21.9 7.2 -L2.,4 4.0 -45.0
~25 B.7 _41.A 10,2 —60,9  13.3 -39.6 7.3 -47,3
-24 5.9 .43.3 10,2 40,9 19,5 —38.1 1.2 ~50,2
=23 3.6 -45.4 7.9 -42.0 26,3 -36.R 5.5 =£3.6
-2z 6.1 469 6.8 L4622 32,3 .35.9 5.1 43,9
-21 4.9 ~42.6 P.? -47.6 34k =356 3.7 =45.3
=20 1.7 48,8 2.9 «46.3 2.1 47,8 10,9 40,6 0.3 -564.3 35,4 =355 6.9 4Lt
-19 3.1 =469 3.5 whS.4 1.8 48,4 16,2 —3R,9 0.8 ~51.7 316 .36.0 L1 -64,9
-18 6.2 =431 4.3 =430 0.9 =51.4 22,9 -37.4 1.7 ~48,7 25,7 ~36.9 R.7 -L1.6
17 9.5 41.2 8.9 41,5 0.5 54,3 28,8 .3h.4 3.3 045,88 15.5 -39.1 33,8 ~35.7
-16 15.5 ~39.1 10.2 -4D.9 4.8 =442 32,3 ~35.9 9.3 41,3 6.7 42,7 7.1 62,5 50,0 -34.0
-15 17.8 -38.5 R.9 ~41.5 14.6 ~38.8 295 -36.3 10,9 ~40.4 1.5 ~49,2 14,4 =39.4 30,8 -36.1
-1 16,6 Z38.8 10,0 ~41.0 27.5 ~36.6 19,9 _38.0 7.9 —42,0 8.5 _53.6 R.5 01,7 bbbk
-13 13,2 -39.6 13,8 -394 36,2 =354 13.% ~39.4 15.8°239:0 - 0.1 -59.3 5.0 -44,0  23.4 -37.3
-12 20,9 37,8 20,4 37,9 42.6 ~34.7  2B.1 .34.5 37,9 -35.2 0.0 -A5.0 45,6 =344
-1 3.9 =37.2 2A.9 36,7 50.0 ~36,0 30,8 .34.% £ 43200 0.8 —52.2 38.8 ~35.1
-10 19,5 -38,1 35,4 ~35.5 56.9 =33, 25.7 -~34,9 £5.9°-32.8 [ 4 20,6 -37.9  23.9 -37.>
-9 22,3 Z37.5  47.8 .34.2 58.8 ~33.3 20,9 -37.8 58,8 33,3 18,6 -38,3 §7.4 —33.4

-8 388 =35.1  SR.R -33.3 S8R -33.3 20,4 -37.9 R3.0 _31.R 6.2 _3%5.4 134.7 29,7
-7 66,4 32,9 49,1 -32.6 75,7 =32.2  35.4 -35.% 120,0 =30.2 52,4 -33.¢ 172,5 =285
-6 95,3 23t.2 75,7 <32.2 104,5 _30.F 52,4 ~33.8 158,2 ~29.0  79.3 -32.0 262.5 _26.8
-5 128.6 -29.9 723 ~32.4 167,46 =293 R1.1 -31.9 2184 =276 93,2 -31.3 330.5 —25.8
—h 154.6 29,1 65.9 .32.8 93,2 -31.3 250.7 ~27.0 93,7 -31.3 3461 ~25.4
-3 151.1 29,2 56,1 33,5 93.2 »31.3 213,64 227,7 34,9 31,4 281.3 _26.5
-2 T46,3 =294 478 =342 R5.9 =37.4 131.4 -29.R 72,3 -32.4 120.0 -30.2
-1 120,6 .29.9 426 347 74,0 32,3 15,8 =390 SA&.E _33.3 30,1 -36.2
0 29,8 ~31.0  A0.7 -34.9 a2 54,1 -33.5 0.4 7-55.5 47,8 _34.2 S6.1 .33.5
1 61,5 33,1 41,6 -34.8 9.5 44,6 =3LL5 3.1 —46,1 A7,5 -32.7 75.7 -32.2
2 29.5 _36.3 46,7 30,3 3.3 £5.9 _32.8 13,2 ~39.8 77,5 -32.1 15,8 ~39.0
3 10,0 41,0 51.2 -33.9 0.3 R1.1 =319 34,6 -35.6 74,0 -37.3 7.9 -LA3
L 3.8 ~45,2 56,1 .33.5 A.9 41,5 29,0 ~31.5 Gh.6 34,5 47,8 -34.7 48,9 ~34.1
5 2.4 247,2 50,0 w36.0 17.3 =38, 81,1 =319 26,5 23701 10,2 <4U.9 55,4 w3404
6 3.3 -45,8 39,7 ~35.0 37.9 =35.7 0.1 -33.2 0.6 -53.3
7 b b bk 6 23,4 237.3 39.7 235.0 35,4 _35,5 9.6 .53.0
2 4.6 L4k 34,6 -35.4 22,9 ~37.4 13.5 -39.7
3 422 648 23,6 ~37.3 15,5 -39.1 12.9 -39.9
10 6.6 42,8 7.7 «42.1 N 45,6 19,9 _3&.0 0w _52.2
11 11.2 =205 13,5 -39.7 6 ~86.0  19.5 -38,1 0.4 -55.0
12 13,8 ~39,6 14,8 2393 L7 w45.3 12,9 _39.0 0.9 .51.5
13 11,2 =405 17,9 ~39.% 2.7 —46,3 12,0 49,2 0.4 253,64
14 5.9 =L2.6  1D.S -4C.9 L6 =fh b 204 -37.9 0.2 =57.5
15 0.6 54,7 8.9 _41.5 3.2 <45.9  29.5 36,3 0.2 -57.5
16 0.1 -62.7 6.6 ~42,9 0.4 -S3.0 33,9 _35,7 2.1 47,8
17 1.1 -50,4 9.1 =61 0.7 =57.1 28,1 =34.5 6.0 ~43.2
13 8.8 ~52.1 7.6 w42, 0.2 57,1 14,6 38,8 S.6 43,7
19 0.5 -54.3 RIS S I 0.6 =534 7.6 2.2 1.R —48,4
26 1.1 .50.5 1 0.5 =544
7t 1.1 -50.6 2.1 —47.2
22 0.9 -5t.4 1.6 —LR.D
23 6.3 ~56,F 1.4 69,6
24 0.4 -54.5 1.5 -69.2
25 N4 -55.0 not -55.3
24 0.2 57,4 1.9 ~47,T
20 a.0 -4 & 1.5 -49.3
28 1.0 —A5,2 0.1 =636
29 [ TR 1.1 61,6
3n 0.0 -A4.9 n,1 -4t.%
31 01 62T 4.1 -43,2
32 0,1 -60.6 0.8 =521
33 0.3 56,2 1.4 -29.4
34 0.8 52,2 a,8 52,2
35 ?.0 -4%,0
34 217 ~a7ls
3/ 1.5 —69.2
30 3.9 -£5.1
39 b1 bl S
X3l 3.6 =654
41 1.7 -51,1
W N8 51,9
43 1.1 =Sk
(43 1.7 687




TARGET STRENGTH (DB}

33

~20 T T T T T T T T T T
DORSAL VENTRAL
38.1 - b 38.1 -

DORSAL VENTRAL.
-30 48.6 - L 43,86 -

DORSAL VENTRAL
—30 b 68. 4 4 L 68. 4 4

-20 T T T T T T T T T T
DORSAL VENTRAL

-39 - 128.4 m 122, 4

..4_@ — -

_e8 i i ! YA | !

-45  -38 -15 1%} 15 30 45 -45 -38 -1S 4] 15 30 43
TILT ANGLE (DEG) '

FIG. 28. MERSURED TARGET STRENGTH FUNCTIONS OF FISH NO. 218:
POLLARCK, 32.5 CM. 257 G.
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TRBLE 16. MEASURED TARGET STRENGTH FUNCTIONS OF FISH NO. 2189: POLLACK. 35.5 CM, 282 G.

- me 3R,1 KHZ —=-mmmmm mmmm L9 6 KNZ meswemmm o AR, L KHZ =mmmwes  ecmaenn 120,64 KHZ mm==m-
—NOPS AL VENTR AL —DORSAL— e VEHTPAL. —DORSAL—  _VFHTPAL-— e DORSAL e L VENTP AL —
THETA SR s 5 T8 s TS sa TS sn TS 5P Te sn TS s T8
whS 0.6 52,9 43,4 2.1 -47.7 2.5 =471 0.5 53,7 LR ~hLL2 3.1 ~46,1 1.6 469 .4
—b4 0.5 ~54.3 ~43,7 3.5 45,5 2.1 47,7 .6 —53.4 1.9 48,3 3,9 —45.1 0.3 55,8
-43 0.3 ~56.7 -43.7 3.5 ~45.6 0,3 -55.9 1.7 ~LR,® 3.3 45,8 0.9 -51.4
42 0.2 .59.0 43,3 2,1 47,0 2.2 47,6 1.7 =501 1.9 =R, 0.7 -57.4
-4t 0.1 -61.4 -4k, 9 2.6 wLb, 2.1 47,7 0.8 52,2 1,3 50,0 2.5 471
~40 0.3 -56.9 47,2 4.5 ~46,5 2.0 ~£7.9 0.2 -58,2 3,7 ~26.0
~39 0.4 55,5 ~45.6 4.7 bl 3.9 45,1 0.4 —55.4 1.8 48,5
~38 6.2 -59.0 ~h4,6 2.5 =47.0 6.3 43,0 2.6 ~66.9 0.6 w545
-37 0,8 52,0 -4 9 4.5 =44.5 2.1 =619 7.6 -2.7 0.6 =53.1
36 1.0 ~51.0 46,8 7.2 ~42.4 0.5 _&1,2 6.2 43,1 0.7 -52.3
-35 1.3 -49.R ~49.0 A1 -41.9 8.1 =41,9 3,2 440 0.4 54,8
34 2.1 47,8 59,2 5.4 w437 A9 =67 A 0.5 -53.9 0.1 -61,6
~33 3.1 o461 —46.2 1.1 ~50.4 7.2 —42.4 0.7 =52,7 3.5 b5,
-32 L.2 46 R 0.9 A2 =431 0.4 -55.? b.h ~L2, R
-3 3.2 45,9 1.0 L.B 48,2 0.3 -52.0 6.7 42.7
=30 0,6 =53.1 5.2 —k3," 1.3 -49.9 2.1 7.0
-29 0.8 52,2 1 Lok =t 1.1 ~50.5 .7 =52.4
-28 1.4 49,4 1 7.4 423 0.6 ~53.0 0.9 —51.4
=27 2.1 -67.7 10,5 ~4n,R n.3 -54.9 0.3 -55.7
=26 2.1 47,8 12.6 =4n,0 .5 =53.% 2.2 -47.5
-25 0.6 52,9 13.2 39,2 2.0 ~48.0 4.8 ~4t.2
-24 0.4 55,1 12,0 =402 2.0 ~48.0 LR =4l,?
23 0.6 ~53.1 5.7 ~43.4 4.0 ~45.0 2.8 —46.5
-22 1.4 ~L9.5 a1 41,9 9.8 ~41.1 10,2 40,9
=21 3.3 ~45.8 15.1 -39.2 10,9 ~40.6 19,5 -3R8.1
-23 3.9 w645,1 21.8 37,6 7.7 wb2.1 20,4 -37.9
=19 5.7 =434 23.9 ~37.2 R.7 -41,6 13,5 =30.7
-13 8.5 41,7 23,9 -37,7 19,5 =38.1 4.5 =445
-17 12.0 -40.2 1.8 -37.6 20,4 37,9 8.9 —41.5
=14 17.0 -38.7 1 1R, 6 =383 16,6 -38,.0 3R,R ~35.1
-15 23.4 37,3 27.5 <34 15,1 -39.2 R,3 -41.8 54,9 =33.6
~14 27.5 =36.6 29.5 36,3 12,3 4,1 12,0 40,2 25,7 ~36.9
-13 30,8 ~34,1 19.9 -38.0 9.3 -41.,3 18,7 =3R4 10,0 -3%.2
-12 3 K 13.8 =306 S, 800 24,3 - A8 30,1 3607
=11 1501 =35, Nt =517 L35 <3407 2RLT =367
~10 14,4 <394 22,3 -37.5 70,7 -32.5 2.1 -47,7
-9 13,8 =396 47,8 34,2 58.8 ~33.3 1.9 =48.3
-2 6.7 =38.9 54,9 =33 4 46,7 -34.3 7.7 -42.1
-7 21.3 .37.7 50,0 34,0 177,5 28,5  15.1 ..39.2
-4 28,8 ~36.4 53,6 33,7 228.7 —27.4 37,1 -35.3
-5 L4,6 =345 77,5 =32.1 223.5 -?7.5 107.0 -30.7
- 75.7 32,2 91,0 ~31.4 112,0 30,5 151.1 29,2
-3 97.5 -31.1 93,2 -31,3 1R.6 -38.3  154.6 ~29.1
-2 107,0 -30,7 85,0 -31.7 62,6 =367 77,5 =32.1
-1 104,5 ~30.8 12,1 30,9 4106 ~34.P 161.9 28,9
n 93.2 =31.3 120.0 -30,2 10,7 -40.7 1R5.9 =28.3
1 93,2 -31.3 120,0 30,2 23,4 ~37.3 165.7 ~28.8
2 R9.0 -31.5 T166 304 30.1 ~36.2 4R.9 =341
3 99.8 ~31.0 104.5 =318 12.4 =400 53,6 =337
4 104.5 ~30.8 89,0 -31,5 10,9 —40.6 44,6 =345
5 102.1 -30.9 26.9 =347 -33.7

13 79.3 -32.n 35.4 -35.5

7 48,9 34,1 69,1 -32.4

[ 28.8 =36.4 64,6 =329

9 20,4 37,9 30.8 ~36.1
1 16,2 ~38.9 19,5 38,1 40,5
11 17,0 -3R.7 36,2 ~35.4 ~34.1
12 2108 _37.6 35.4.-35.5 ~35.8
13 21,9 -37.2 19,0 -38,2 -41.2
14 19.9 ~38.0 7.9 42,0 -37.9
15 10,7 40,7 4,5 46,5 ~39,2
16 3.5 =45.4 2.6 =Lh 0 -62.2
17 2.6 —46, 8.7 41,6 —46.7
18 LR —4b, 7 14,6 3R R ~47.8
19 5.0 =44.0 12.9 -39.9 -54.3
20 -44.0
-42,8
?; ~t6.8
23 —47.9
24 -45.0
25 -50.7
54 411
av —a2.h
25 ~54.3
29 ~53,0
3n ~53,5
39 ~44 .8
32 41,6
33 45,1
34 ~3.4
35 V.2 -57.5 —43.6
36 n.2 =58 -49.1
3 2.1 =H1.5 -53.0
38 .04 ~53.0 48,6
39 2,8 -52,0 ~5R.1
49 B =519 -63.6
41 a7 -s2.4 ~56,7
42 0.5 <564 -51.4
£3 4.1 ~K59.4 —48.4
L 0.1 ~A3.5 -49,6
45 PG T -46.2




TARGET STRENGTH (DB)

35

—20 T T T T T T T T T T
DORSAL. VENTRAL

_3g 38.1 - L 38.1 .

4@ |- 4 _

...SE - — o

6@ L | ! |A{\

-2 T T T T T T T T T T
DORSAL VENTRAL.

48.6 o - 49.6 -

L |
-20 T T T T T T T T T T
DORSAL VENTRAL
-3g - 58. 4 J L 58.4 i
47 -
s
-69
G T T T T T T T T T T
DORSAL VENTRAL
_ap - 120.4 120.4 |

|
-45  -38 -i5 B 15 30 45 -45 -38 -~15 2 15 30 45
TILT BNGLE (DEG)

FIG. 29. MERSURED TARGET STRENGTH FUNCTIONS OF FISH NO. 218:
POLLACK. 35.5 CM. 292 G.



TRBLE 17. MEASURED TARGET STRENGTH FUNCTIONS OF FISH NO. 22@: SAITHE, 38.9 CM. 406 G

e DORSAL .
R s
-59.3
59,9
52,5
~25.9
—44.7
-49.7
-52.7
~51.6
-57.0
-51.4
46,6
-47.6
58,0
~56.7
-57.5
—54.5
-49.5
-52.0
“54.6
-46.7
—45.6
=45.4
-46.4
48,7
-48.2
whb 1
-41.0
=40, %
62,8
1.4
-38.0
~36.5
-36,2
—3A.1
0.8 =36.1
SR.R =33.3
835.0 31,8
107,0 ~30.7
122.8 .30.1
137,80 29,6
151.1 -29.2
154,6 ~29.1
167,6 29,3
125.7 30,0
25.0 -31,7
37.1 -35.3
14,1 239.5
7.6 k2.2
5.6 -L3.5
A7 62,7
R.3 _41.8
10.9 -40,6
12,0 =40.2
11.7 -20,3
9.8 6101
A4 42,9
3.3 -e5,n
1.6 6309
0.6 =534
n.2 =571
0.6 55,0
3.0 -46,7
[
5.6
“lh
1.2
0.9
1.7
2.4
1.9
1.3
0,6
0.6
"5
7.1

.t

0.2
i
a6

38,1 XHz -
—=VEHTRAL =~
se

112.0
14,6

134.6
107.0
25.3
3.0
67,5

52,4
39,7

A5
19.5
22,9
22.9

20,9
10,6
13.5
12.6
14
15
17

T

~4R,2

e

~53,5
9.3
—tl, 7
-40Lt

~30,5
-30,4

30,2
30,7
-31.2
-31.7
-32.7

-33.7
~35.0
~36.5
-3R.4
~41.,1

—43.4
~-41.7
-38.1
-37.4
=37.4

-37.8
-38.3
~35.7
408
~39,4

-39.2
-46.1

0.7
0.0
0.2 .
0.4 =54.5
0.4 54,7
0.1 60,1
0.3 -56.0
0.5 -53.8
0.7 ~52.8
0.1 =624
0.5 54,2
1.9 -4R.7
1.5 49,2
0.5 54,1
2.7 ~L7.4
5.2 43,8
L6 -Lh 4
2.3 47,3
1.3 50,0
0.R <S1.R
0.3 56,7
f.2 w584
0.3 -56.6
1.5 2491
13,8 ~39.6
28,8 -36,4
L6.7 L343
84,6 =329
81,1 -31.9
97,5 ~31.1

14,6 30,4
128,46 w29.9
169.5 =28, 7
213.4 =27.7
208,5 27,8

185.9 -2R,3
117.3 ~30.3

43,6 w34 A
13.2 =398
10,7 60,7
3.8 36,1
46,7 -34,3
51.2 .33.9
4L, 6 =345
28,1 w346.5
14,8 ~39.3

0.7 527
0,5 =54
e, -55.7
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FIG. 3@. MEASURED TARGET STRENGTH FUNCTIONS OF FISH NO. 228:
SRITHE. 38.2 CM. 408 G.




