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ABSTRACT

FOOTE, K.G. and NAKKEN, O. 1978. Dorsal aspect target strength func-
tions of six fishes at two ultrasonic frequencies. Fisken og Havet Ser, B,

1978 (3): 1- 96,

The dorsal aspect target strength functions of six fishes at two ultrasonic
frequencies are presented in tabular and graphical form., Each table presents
the value of the target strength function for tilt angles ranging from -45 to
+45 degrees inclusive at one-degree intervals, The fishes are cod (Gadus

morhua), saithe (Pollachius virens), pollack (Pollachius pollachius), herring

(Clupea harengus), sprat (Sprattus sprattus) and mackerel (Scomber scombrus).

The frequencies of measurement were 38 and 120 kHz. The source of the data

is Nakken and Olsen's 1971 study of the target strengths of fish.
INTRODUCTION

A knowledge of the target strength functions of fish is important for assessing
fish abundance acoustically at high frequencies. Except at very low frequen~
cies, where scattering is essentially isotropic, target strength is a function
of fish orientation. This function depends additionally on the fish length-to-
wavelength ratio as well as fish species and frequency of ensonification. It
depends, moreover, on individual specimen by reason of natural variability.
The existence of significant specific and frequency dependent differences may
be demonstrated both for the maximum dorsal aspect target strength data of
NAKKEN and OLSEN (1977) and for the dorsal aspect target strength functions
reported here when averaged according to schemes of the sort described
briefly in FOOTE (1978 a). The sensitivity of target strength to different spe-
cimens of the same species and of identical or very similar length when en-
sonified dorsally or ventrally, is observed in the unpublished target strength
data gathered by Rgttingen in conjunction with the study reported in RGTTINGEN
(1976) and analyzed in FOOTE (1978 b).

Averaged target strengths depend additionally on fish behaviour, or equiva-
lently on the kind of orientation distribution assumed by the fish, as demon-
strated in FOOTE (1978 a). Thus, because a knowledge of the averaged target

strength-to-length relationship is important in estimating fish abundance



acoustically and because this relationship, like the individual averaged target
strengths, depends on the precise form of individual target strength functions,
the functional dependence of target strength should be considered in the de-

termination of target strength-to-length relationships.

This recognition has provided the incentive for re-examining the target
strength data gathered by Nakken and Olsen in their 1971 study and discussed
in their 1977 paper.

In this data report the dorsal aspect target strength functions of six of the
fishes of Nakken and Olsen’s 1971 study are presented, The numbers of spe-
cimens and length ranges for which dorsal aspect target strength functions

are presented are stated in Table 1,

Table 1. Numbers of specimens and length ranges for which
dorsal aspect target strength functions are presented,

Frequency of ensonification
38 kHz 120 kBz
Number Length Num-~ | Length
SPECIES range(cm) | ber range{cm)
Cod (Gadus morhua) 68 6,7-96,0 44 6.7-67.0
Saithe (Pollachius virens) 59 9.1-68.0 48 3,1-68.0
Pollack (Pollachius
pollachius) 44 19. 7-61.0 39 19. 7-52.0
Herring {Clupea harengus) 25 10.0-32.4 30 8,7-32.4
Sprat (Sprattus sprattus) 21 6.6-17.6 24 6.6-17.6
Mackerel (Scomber
scombrus ) 35 29,7-41.51 24 29.7-41.5

METHOD

A description of the method of measurement of the dorsal aspect target
strength function is given in NAKKEN and OLSEN (1977). It is repeated here

for completeness.

The measurements were made in the period June - September 1971 on the
island of Leps¢gy in Norway in a sheltered inlet 200 m wide, 12-14 m deep

and with a soft bottom. The arrangement of apparatus is shown in Fig. 1.



An anchored raft carried both the laboratory and the accomodation for the
staff.
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5

3 =i

Fig. 1. Experimental set-up. 1: fish
suspension; Z: hoisting system;

3: tilting system; 4: 38 kHz and 120 kHz
transducer; 5: transducer base; 6: raft,

The upward looking transducers were mounted in a heavily loaded steel
frame submerged from the raft on adjustable wires. The fish were kept in
an upside down position in the central part of the sound beam by a frame of
thin monofil nylon, A special hoisting device made it possible to hook the
fish to the frame at the surface, and then lower it to the measuring position
at 2.4 m depth. The aspect of the fish could be continuously changed in two
planes, tilt and roll, without any re-hooking., The fish was tilted between
-45° and +45° from horizontal position with + 1° accuracy by operation of
the automatic "tilting bar'. The tilting speed was 1° per second. When only

tilt variations were wanted, a stable upside-down position was obtained by



small floats attached to the belly of the fish, When roll variations were also
wanted, the floats were replaced with thin nylon strings from the fish sides
to a small wheel which was operated manually and worked normal to the
tilting bar. For complete change of aspect, the fish was hauled to the sur-

face and the points of hooking changed.
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Fig. 2. Block diagram of instrumentation.

A block diagram of the instrumentation is shown in Fig. 2. Two echo-sounders
working at frequencies 38 kHz and 120 kHz (Simrad Ek 38 A and Ek 120 A)
with transducers respectively 10x10 c¢cm and 5 ¢m diameter were used. The
transmitted pulse lengths, measured at half amplitude, were 0.6 ms for both
sounders. The repetition rates of the sounders were increased to 4 pulses
per second. For measuring and recording of data, a Hewlett Packard 141 A,
a two-channel oscilloscope, a Simrad OM echo integrator with a Hewlett
Packard 7702 B twe channel recorder and a Bruel and Kjeer 2304 polarplot
level recorder were used, One channel of both the oscilloscope and the inte-
grator recorder was used for presentation of echo amplitudes, while the
corresponding tilt angles were recorded on the other channel, A film camera

triggered by the echo-sounders was attached to the oscilloscope.

An Atlantic Research L'V 32 hydrophone was used for calibration of the equip-
ment. In addition, a daily calibration was carried out by measuring the target
strength of a steel sphere of b cm diameter, which was lowered into the mea-

suring position.

The sequence in one measuring programme was that the tilting bar started



from the horizontal position, moved to +45°, back again through the horizon-
tal to -45° and then back to horizontal. During the first quarter of this cycle,
suitable gain settings were selected. The data collected during the complete

o

half cycle between +45° and -45° were used for further treatment.

The fish was stunned or killed by hitting the frontal parts of the brain by a
sharp tool. When suspending the fish, care was taken to avoid air being en-
closed in the gills and stomach. The measurements were started immediately
after the fish had been lowered into the measuring position, In order to obtain
necessary information about the relation between target strength characteris-
tics of dead and live fish, measurements were made on a few live fish; these
were allowed to move their tails and bodies without changing their position

within the sound beam.

The recorded data, which consisted of a series of diagrams of corresponding
values of voltage and tilt angle on linear graph paper, were purged as the
data were excessively noilsy or lacking in precise angle-identification., One
criterion applied in the confirmation or rejection of measured target strength
functions was that there should be consistency in redundant measurements on
individual diagrams, as available, with proper allowance being made for
changes in the gain setting during the first quarter of the measurement cycle.
The middle half-cycles of acceptable target strength diagrams were then re-
presented by piecewise linear curves which were interpolated at one-degree
intervals from =45 to +45 degrees. The target strength function was derived

from these interpolated voltages by the following prescription:

TS = 20 iogm(v/vref) + TS ¢

where TS denotes the target strength value corresponding to the interpolated

voltage v, Voot is the mean voltage level of the reference sphere, and TSref

is the target strength of the reference sphere in units of decibels. Tsref was
observed to be -38.0 dB at 38 kHz and -38,5 dB at 120 kHz. These measured

values of Tsrmf were used in the determination of target strength values from

the corresponding observed voltages.



USE OF TABLES

Except for a number of mackerel target strength functions, each dorsal
aspect target strength function is described at one-degree intervals which
completely span the ninety-degree range in tilt angles from -45 to +45
degrees inclusively. The tilt angle is defined as the angle made by the
centerline of the fish, or imaginary line running from the tip of the upper
jaw to the root of the tail, with the horizontal plane. The sign convention is
that negative angles denote the normal head-down or head-away position
when viewed from the transducer. All values of the target strength function
are negative; for simplicity only the magnitude is stated. The values are
given in decibels relative to MKS units so that the backscattering cross
section in units of square meters may be derived from the target strength

value by the following formula:
TS = 10 log,, (cb/4 m)

where TS denotes a value of the target strength value and o the corres-

‘b!
ponding value of backscattering cross section.

Each table contains ten rows. The first row contains the values of the target
strength function for tilt angles from -45 to -36 degrees the second row con-
tains values from -35 to -26 degrees; and so forth. The tenth row contains

a single value which is that of the function at +45 degrees.

The exceptional cases are wholly confined to the mackerel data. In these
cases the target strength function was not measured over the full range of
tilt angles. This is noted in the pertinent tables where, nevertheless,
values are shown for the missing measurements. These numbers are
spurious; for convenience they were arbitrarily equated to the smallest

finite digitization level.

Diagrams or plots of each tabulated target strength function are attached to
the corresponding table, The graduations of all diagrams are identical to

that of the example in Fig. 3,
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Fig, 3. Target strength as a func-
= = &

sion of tilt angle.

The pair of nuinmbers associated with these diagrams merely specify the
fish number or order of measurement in Nakken and Olsen's original study
and the frequency of ensgonification in unite of kHz, Thus, in Fig. 3 the fish

number is 260 and the frequency is 38 kHz,
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DORSAL ASPECT TARGET STRENGTH FUNCTIONS OF COD AT 38 KHZ

COD 6«7 CH
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5763
5169
48,0
45,8
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6lel
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COD AT 38 KHZ
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COD AT 38 KHZ

COD 230 (M

6666 Dideh BHob H267
b6eb bbsh bbb HHeb
2ot 4327 Hbob 5247
38,7 3857 38.7 390
3466 34:8 34,8 3%.0
bbob bbot bbob bLboh
4706 Ubeb 476 4704
bbob bbaobt bbeb bbebd
6606 bbeh bbob bLbhob
6666

COD  25.0 Co

524 50s4 5006 Bbeb
47,0 4902 H9.2 4601
43¢8 42.0 43,8 46,1
50e6 45:3 44,5 43.8
32.0 31e5 31,2 3067
5241 bbej HbH.b 4405
41,0 qlﬂﬂ 41,0 41a5
660} bbe) boel 660}
601 S560b BH.l D26

COD 2600 (™

48,7 509 53¢8 5hH.8
58.3 5568 55.8 55.8
49,7 52.2 55,8 55,8
377 36s2 34,9 IH.2
3261 32.8 34,0 35.3
45.5 4104 4.4 H43.7
HO0eb6 3863 36,9 6.9
4760 487 48,7 47.8
5368 509 49,7 4847
50,9

COD 270 CH

43:4 4264 Hle¥ 4006
42,7 HY492 45,8 469
3806 3705 366 375
3746 3be] 34.8 3347
32:8 3364 3445 35,5
40,0 Y08 Hi:7 42.4
4304 4663 5007 H8.4
494 4693 44,0 4242
38¢5 39:2 40,0 40.8
43,8

COD 27-.2 (H

67,8 618 53,9 20:9
53,9 58:3 67,8 &7.8
44,9 4607 H7,.8 5009
38:3 38.0 38,0 38.4
34,6 33602 3240 3103
35,4 3beg 3404 3363
410 Y1ey 38.06 37,2
4443 HBeT7 5%08 6708
678 4908 HB8e7 48a7
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6602 6602 50s7 454
H9e6 439 44906 4802
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3%9:4 39.8 H0.6 4309
35,3 3529 36.7 3749
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67,8
49,7
34,2
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49,7
47,8
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47.8
47,0
34,4
39,2
41,8
39.5
3.8
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41,3
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3802
3465
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46,0
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303
LETR
434
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343
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395
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34,8
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3% 2
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3.9
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48,8
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49,1
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Hb 7

FISH NO
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41,8
3%,4h
29,0
"‘%“‘291
35,3
sl 4
i 9
4G . 6

6.4
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28,0
3% .9
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448
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L7.7
6143
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29,4
36,4
44,4
35,7
55,2
49,2
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57.7
4247
29,51
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4.2
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34,9
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19,8
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DORSAL ASPECT TARGET STRENGTH FUNCTIONS OF COD AT 120 KHZ
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S04
597
4902
6342
6262
5762
657
Bi.3

7463
B0a4
55,8
52s1
894658
hia8
5808
80e4
6\’39%

64,9
565
63,0
44:3
Gded)
9708
430
é):ﬁ@‘;
FleH

7

&

o7

69464
6deb
Dled
FERE:]
54.8
H408
617
7241

53.1
Y-
/3.7
JER ]
ER R
8563

7

02

558

Lie2

B0s4
Ble4
57 ¢4
521
535
528
6054
80,4
8044

H3e%
5he5
589
4760
54,9
L0 a7
830
bhe O
b7 sk

?567
72l
67 o7
5068
b1e?
531
6946
bZeb
7251

5301
Ghet
7702
534
5060
G8.1
5896
540%
5851

Aled
5757
577
4868
6454
6302
Sbe7
6054
813

5543
57.2
7307
51,7
48 e b
5ie2
577
&1 48
83‘53

80,4
bhet
6004
5204
Blel
52,8
65263
80,4
80,4

H3,9
5bel
bbel
4747
b1k
& e9
83,0
©960
[

7547
7241
bhel
6196
58,8
5247
63 b
6346
Y

53.1
55.3
712
54,0
4847
5644
6043
ERRY-
5844

59,0
5747
5747
48,6
L9 ,7
71,7
bh.7
6302
81,3

550
by, 4
63,3
534
48.0
506
85,7
40,3
833

Z60 1I0

8Z 120

Z65 120

80 120

261 124

76 1Z0

25




26

COD

Th,9
55,3
55,7
55,1
4843
4547
49,5
SiW%
54,0
&0s0Q

Bl.8
51.8
558
4846
Ble7
798
7241
2.3
81.8
818

Coo

709
1.3
Sbekh
68,9
Hle3
46,8
48,4
Shet
57#‘"}
&49:9

810
554
Tis4
4769
53,7
46,0
54,9
3l.0
THe 9
(}ia*}

coD

7067
70,7
7Qa7
7067
43,1
8.7
58,7
T0ae7
0.7
70a7

Coo

BlUs8
5557
5048
58ﬁb
414
TH4e8
82,8
Gé .0
YieB
4F 53

AT 120 KHZ

8.5 C¥ 120
6‘§ﬁ®
5563
S56al
5{,)69
55,0
48,3
503
50,7
5%77

bH1ab
5563
Ghek
506}
369
4552
5067
5069
5467

6990
5563
ey
5203
507
454 4
499
5067
5443

dab UM

1.8
6108
583
4748
502
EREY:]
5328
F2e3
818

81,8 Bla8
1.8 81,8
1.8 61.8
47¢5 #4960
52,3 2.0
Ble8 8148
b7 .8 649
T2s3 758
81,6 Bl1.8

P (M 120
X2
43.8
578
709
4264
45, 7
YBoy
3}
5754

6209 163
2.1 4048
600 6241
Ti.4 6123
44,2 4741
45,3 45.0
49,1 D062
Gle8 5206
BheF HEWH

9ol CM

Tu,9 TH9
810 81,0
Tio4 654
47,2 H7.0
51,7 53.7
l.1 5l
G4 &0
81.0 81,0
T4:9 749

810
Fled
7lz4
475
53,7
4867
537
8120
7429

1le2 C#

Fhs7
707
Fle?
49,2
38.7
5668
70.7
sled
Flie7

70,7
707
707
62,7
39,9
56,8
799?
6142
0.7

D7
7067
a7
5847
Hlsh
5847
bHe7
70ae7
FOae7

Ple5 CHM 120 KHZ

B0.8 80.8 68.8
LG1e7 TH4.8 617
7458 B0.8 8008
S1e9 HB.1 4865
4002 3963 3864
THon Bhe2 5042
43,7 44,8 46,72
GheB H7sH Hb.8
G, 3 H3,8 43,4

KHZ

120 K

g41,8

KHZ

124 KhZ

FisH N
57.8
Shed
&ila 7
48,3
550
4958
51.6
51.8
b4, 7

5954
55,3
54,3
4951
63,9
45,0
ER P
bleH
54,7

F150 NO

B1.8
L5257
L7742
L%(’BQZ
Gl
FBel
54949
76,8
B1.8

72.3
b1 ,0
49,2
bHl,7
75,8
64,9
/548
81,8

FlsHs NO

1.3 6.4
60,01 nd,8
43,8 63,8
Hbel 5268
S1.1 7.4

4,7 4h.2
52,0 54,3
Gded LM,
Bé,5 B4

FIsH NO

67,0
74,9
54,1
490}
b4,
50,9
Bla.0
74:9
74,9

74,9
81,0
58,0
47,9
H4 .,
50,9
74,9
81,0
74,9

Fla.7
73,7
Tle7
49,2
Hie5
53.8
707
b1la2
}’7@7

.7
70,7
70,7
46,7
39,4
Gh,2
FU.7
61,2
73,7

53,9
60,8
80,8
43,4
37.7
4748
47,8
46,2

Y2

6.8
G417
93.8
437
36,9
Ely g
47 .4
45,5

43,8

78

Shalbs
5567
63E9
767
5067
4648
G261
524
SH4e7

79

58,8
5863
6447
505
7hde9
"9598
57 4
5%.3
5893

264

52.9
T4
Sle4
50+ 3
52.3
5131
81.0
749
Tio4

120 knZ  FISH NO 259

TO7
Fhae7
FGe7
53.8
3.9
53.8
707
587
Fhs7

Fisr NO 296

58455
60,0
80,8
43a9
38.9
44l
4642
48,
R

Bh%e 3
L“Jgﬁe—!
6913
4708
4800
H2¢6
L2:6
G407

318
25,0
5296
4904
55,8
Y]
B58.9
0.8
18

h7,.8
57e4
bl
48,4
B2a?
4647
62l
5465
5904

6ds
7459
49,4
2200
194
53.0
81.0
749
689

Fd.7
7de7
77
52§7
478
%29?
0.7
BB,7
73.7

5667
bébel
bhe i
LA TR
42.5%
4264
455 1
EEFE
450

55.0
55,7
7364
47 .8
4602
49,0
52,6
53,1
D6el

81.8
52,9
50.9
4942
58,9
6002
653.8
é"%sg
81,8

576’4
5665
65754
4649
5631
48!
58.8
574
6i03

aleQ
T4e9
48,9
G344
4762
54,9
81,0
74,9
654

7D‘7
FOe7
707
48,5
53,8
53,8
707
587
707

55,7
5440
63:9
43.9
45,0
4.0
LR
q4 2
45 .7

55,0
55,7
60,7
48,0
45,49
4941
5105
53,4
57,8

8.8
53,9
49,8
494
63,8
bbo3
723
75.8
B81.8

59,4
56al
68,49
4542
4864
4804
56,9
57,8
652:9

&2+
7449
4843
5.4
4844
55,9
81,0
74,9
b4,

7007
T0e7
76!7
4506
6142
55,2
70,7
7047
7047

5557
5647
6848
4245
74,8
41,8
45,1
4347
4heD

78 1Z0

32 120

78 120

264 120

259 124

296 124




CGoD

Tie7
q766
50,9
5061
36,7
44,8
44,
517
507
50,9

con

Tl.7
48,4
S1a7
50,1
42,4
39,4
43,1
43,7
45,2
45,7

Cop

Tied
Tloi
55.5
5063
33,7
39,0
M2,
40,2
6155
Tial

con

559
4504
S51a4
48,4
313
3?9&
“‘3998
45,4
47,3
71&%

41:5
42,3
4h .0
45,4
44,8
5%?98
81,8
37,9
46 .0
49,45

AT 120 KHZ

2005

T2e1
S54a0y
4705
43e¢8
374
394
428
a8
7201

230

Fi1:7
HG a4y
5009
5567
35,7
434
b s b
S51e7
52«6

25+ 9

71a7
EIVED]
517
490y
3bs9
399
“Y2e4
4547
47 2 4

Zéea

7ie}
71ai
47 e &
50s 3
3207
8.8
4706
4108
T1le}

2740

5243
45,0
738‘4
4787
3.4
435
4508
4447
#769

272

4260
508
49484
4648
B0
495
3967
3458
4803

o 120 Kz

-X-Ne]
L5655
LEYE]
42.8
34.8
H1ida 2
b0
5665
53.0

600
425
438
H41
348
H1e7
47,0
5562
53e0

56535
7241}
12,5
40eb
35,8
43,4
4745
53.0
53,7

H 120 Kng
7167 7107
Lile? B4.B
Ha,b6 50479
57«7 5946
3n.7 37,7
427 457
494 H2a4
B2.6 H2.6
b2l Fle?

Tle7
5% . 6
7.7
S,
HUsd
49,4
49,4
Hda b
71a7

Mo 320 Knl

5?5?
53.4
EYEE-
8.5
33.1
G4,
45,7
4944
5%+ 4

241
51a7

157
4868
33.5
4041
“hal
4542
54,8

54,8
561
ERan.]
8]
33,6
39.9
41,9
H7 .7
71,7

on 120 Wrig

Tiei
Tied
‘*70@
49,5
33.0
38,42
554}
43,8

EETR

T1s1
615
4bebH
49,5
34:8
378
530
4750
5960

Tied
53,0
46,0
48,8
3‘733
42,1
b, 5%
51,1

55,5

[y} 120 KHi

LER
%3‘3%4
594
Hbhsd
3363
4169
4248
5704
4769

5046
54,5
6149
47,3
36,0
3.1
4y, h
4763
47,9

4?0:5
49,8
G574
46,3
33.8
40,8
4248
T1a4
97,9

M 124 Kid
42,9
5068
44,8
4945
4L 6
45, 4
39,7
378

Elet

43,8 41,3
4boB Ho,H
4250 3%9.2
42086 39,2
429 32,4
4h8 49,5
He B 44,3
39:% H2Z2,9

G453 H1,4

FisH

Fis

Fian

Flse

Flon

990
7261
42:0
47,0
37,9
3.8
48,0
SZGZ

RN

3956
Flad
D7.7
Y24
4 ]
w77
47,
3266
?1.7

FisH no

9206
7ia.7
b2.6
4651
b4, 0
4Ue |
394
549.8
717

71e1
5%.5
45.0
8.8
105
46,0
46,0
53,0
53.0

4958
4448
B4.5
55,9
35.0
BiYe
425
5944
53:46

3942
4640
.39@5
4145
30.2
H2.4
44,4
$743
HY .5

MO

NO

MO

M

154

5201
J2el
42e5
Mo}
406h
42432
4%a 4
G565
5390

&4

b8 7
71e7
483
40 s b
40
33s0
4b e b
9206
Tie7

153

Gled
Flel
59 b
48 .8
3940
4106
413
48,2
657

0 269

T1al
571
455
H2.8
35,7
4b:5
4750
48,8
55+ 5

leh

LA
4423
G3.4
47 .9
408
428
44,2
49 o 8
5569

102

3768
4éd450Q
HZal
4004
30s8
4 B
4.8
Byt
478

léqﬁd
F2el
431
1546
445
H1e9
Lbbeb
7201
54, 0)

717
62}
57,7
408
4)el
49 o4
Yde2
Gded
/17

409
65567
H1e7
4706
G4e1
47a
44l
EETE)
FREE]

6leb
591
AETR
3dab
39,0
4365
i8s2
48. 8
Fiel

4769
tdeh
G2+ 3
41e¢3
3956
545
5Q0s6
H703
7104

36ael)
4552
bhe b
37 4
BRI
438
42,0
4506
Bb et

49.8
600
4.1
475
485
%l07
7261
72ai
5440

5747
494
5069
3902
3.4
ibebs
4924
Sta7
71ae7

501
6547
509
4304
REFA
509
%802
qzay
48.8

555
63105
804
35,8
J8.8
40.5
H4,.6
52,0
71al

473
479
5086
31e%
3793
65504
485
8703
T1le4

35,8
44,5
Glab
3B 3
3bel
4648
404
G4, 5
85,2

41948
53,0
44,8
48,0
qq‘!
417
Y-
7261
54,0

50,9
4842
44,1
37,9
44,8
9405
50,9
51e7
561

4954
Bhel
501
Y4, 8
“4iel
4701
48,8
qqi!
4547

6leb
65,1
4heH
33,8
38,0
“0‘2
41,5
55,5
Tiel

4603
4550
49,8
31,0
3566
54,5
4408
4743
7la4

3843
460 4
508
39.%
415
44,8
39,2
4451
4haB

154 120

164 124

=

153 124

—E[V\fJ\f\/\\J[
i ¥ T Y 1
Z69 1zd

L
L A' T i 7 B

1635 1zZ0

10z 124

=

S



COD AT
CoD 28:5
1.7 43.8
45,8 43.%
57:8 507
387 3723
31e9 3303
44,46 39.5
U492 H42+5
47.7 44.9
518 4767
42,2

Con 29«2
42:5 4350
H1sd 4202
50.0 50.7
4009 4242
307 3254
48,2 4808
38,7 384
SUs0 B2.3
4le4 4147
48,2

con 29+8
598 6529
49,6 5043
719 6253
412 Hie5
34,2 33.4
392 4209
q5.0 478
52:8 4464+8
55,0 %3.8
4564

Con 300
4&,.1 4743
%791 53§?
43s7 H3ey
4861 51s7
32:2 2len
38,6 1547
44,1 3%.4
50.8 4904
Hleb 4741
K87

Can  30-2
52:8 bH.3
613 5543
49,2 47013
4#7:.9 4602
Jled 38,4
34.8 38,72
3.7 374
47 .3 4557
518 H%.3
485 4

cup 3295
72:2 722
5066 530y
72:2 H8e32
52s2 H7 4
30s8 299
37.6 45,4
%43 3.3
49,9 ko
4841 4744

5543

120 KHZ

[ 140 KHZ FISH NO
44,72 HB0s2 43,8 43,5
41,7 H3.2 44,4 4647
48:3 48.3 48,9 48,9
3951 Hie4 33,2 35.7
305 3853 42,8 46,2
37:% 3be4 3H,2 36,
8B ,3 4f.4 38,9 39.7
43:2 458 B2 62,2
4.6 Y202 43,2 5207
om P20 K#zZ  FisH NO
43,7 H%a3 44D 40,9
4.0 4647 50,0 49,4
8.8 45,8 43,3 41,7
4,0 46:3 50,0 49.4
33,8 37:3 45,8 44,3
B9 .8 500 50,7 47,2
39,0 39:8 H4,.0 50,0
554 4062 54,3 477
1.9 42:5 43,7 44,3
M $E0 Hnd Frod 1o
T1e9 65%:9 53,8 LH1.9
598 71.% 71,9 71:9
Bre.l 473 52,8 &5,9
5759 528 49,0 44,8
3l 355 36,9 36.0
H9 .6 50:3 45,4 45,0
03 %1el HU, 1 ¥0a]
H2.,9 43:% 47,3 B2.8
53,8 B3:8 50,3 97,3
M 20 Krs4  FLISH NO
8.7 BULB 44,4 HZ.4
Bleb HBa4] 45,2 H43.4
HisH4 4bel LU, 48,7
3,0 4Y9641 39.8 37.0
303 324 23,8 44,2
37.9 4008 38,8 4L.8
8.0 3868 39,4 41,0
HB ol Hbob 45,6 44,8
2% 30 43,7 44,.4
MoooPE0 Kz FiSH o nO
bled 708 70,8 70.8
51,8 49:3 L2,8 BH.8
Q5,3 HHeH Mo B LULB
4.8 B8 47,9 23.3
H07 3be9 34,2 33,8
29.% 4143 3,2 45,7
Hi.4 508 4%,3 4440
H3,6 H4.8 hHi U B8
7.3 49508 59,3 50D
(] 20 Krd Fled Hu
Ta2e2 TEw7Z TE,7 8b,2
Ghob 25T Dha.h B2.2
2.2 B3, 58,2 /2.2
H4eb H2e4 4U,06 394
29,8 A4.8 38,8 41.¢
HH 3 HUeO 37,7 3765
39.7 390 H1l.3 4H.3
H7.1 H48.7 LU, B3,
4347 BHs 86,2 F242

158

447
4945
48.9
3bs
38.0
38,9
4]e2
7168
41.2

208

40a2
48,8
102
3.3
Hhal
43.0
8.2
447

48,8

HisH
48l
47 et
4043
33.0
357
45, 7
Y451
G5, 7

279

g
=

@

[+

152

4847
527
4B, 9
38:5
8.9
Y12
3%e )
7ieB
%335

40.5
Y82
4345
19:8
4742
4062
Ybald
Y2e7
48,8

17 e b
Fls®
49:0
ER S
34e 5
439
41.8
877
G 8

H2e7
LYy b
Yheb
375
Jbe 8
3460
4741
430
Gioel

70,8
Fe8
Bhed
307
38,8
5.0
‘9(3@2
528
H2s 4

H45 1
SHaeb
450 b
ERUPRE
dbe?
3e
alls 2
9563

[ITe—

48 .9
59.7
49.5
34,3
4268
4é6e2
395
71.8
45,8

407
48,2
43:3
3247
4747
EX I
4be 7
40,9
4842

484
71.9
45, %
33.8
4.7
4343
49,0
550
4653

4320
50,1
454
3504
H1led
41:0
4847
4Za4
4761

Tle8
58,8
L1108
30.3
37.8
3945
B0s0
Bie8
44,0

514
72@2
H9 .9
356
3407
390
EI-FY]
6062
ER IR

48,9
7168
5849
H4:9
4T o7
4548
6202
42,3

409
48,8
44,0
ED IS
48¢2
3944
4842
41:2
4842

49:0
7149
43:3
335
36,8
429
623
550
45,9

4461
4544
4546
33,7
4261
53.6
bi,7
4108
4706

TG 8
528
50.0
28,3
350
35:3
5048
51.8
46,2

4G9
7202
5832
3207
ELTR
HE 4 4
5649
51e4
522

188 12Z0

208 1Zg

£

Za7 120

151 1Z0

3
i

279 1Za

VAV

132 1z0

Aol




COD AT 1

coD

Tis7
SQDB
4954
4B, 7
34.2
40,8
Y4061
39.4
474}
44,4

cob

Tie8
4965
5748
38.2
35,8
36,5
3602
J8eh
4843
Tia8

con

7l9‘£
572
54,3
38.9
3593
45,2
44,0
50,4
5241
54,3

70+4
4543
HleH
45,8
29.9
34.0
43.5
43s1
504
4508

cop

LY
54,2
43.3
2943
37,3
38,1
45,4
4943
47 51
51ed

con

65247
45,0
49,9
40,8
35,7
37Q2
346
45,0
47 41

514

3iew

5944
G9hs
418
437
REFR ]
39“‘4
392
4193
4448

35.0

6508
47248
4843
378
370
33.5%
3&?6‘%
‘%396
4869

dbot

R
EEXE:]
444
44,4
2849
8.8
406
43¢%
43,9

37.58

49,3
4B, 7
4L .4
2924
1560
379
52.2
476
RETR

395

RS
H2s7
5451
Béai
3264
3b97
397
43:0
“F, 7

™~
I
oy
s
I

[ 120 KniZ

65,7 B5Feb bb,l
E3eb 5068 49,4
418 418 42,7
4063 3707 35,7
3Be)l IBLZ 43,04
3802 390 41,0
4015 H43.7 49,4
Hl1a8 H1a8 51,7
43.M 418 40,5

M 120 KWl

b62:2 5947 56,2
Y4.2 4503 47,2
46,7 46.2 48,3
376 339 30,7
38,5 3701 34,3
32,1 333 34,46
Hds2 4062 43,5
4)e) HHe9 71,8
50,2 54.% 45,8

Cn 120 Kig

2.1 48,9 52,1
52.) 52¢1 HH4,3
44,0 49,6 52,4
31aH4 2942 27,9
44,3 44,0 “],4é
3B¢5 48,9 42,2
43.2 591 45,46
bl 44.T 44,7
55,4 55.6 Y9%,46

CH 120 Kz ¥

54,8 B1.3 4o,
Bb:3 44523 Ho.9
986 Hbe3 46,9
B3,5 4986 Ll,3
28.1 274 29,4
375 32.8 35,0
HbHa9 4B.H 46,3
Hy 4 H4,8 45,8
e .8 H8,) 52,3

o 120 KriZ

595.3 58+2 31,4
4G.4 H3.0 %],
48,7 53.1 49,3
29.9 Jl.4 38,2
34,6 34,2 33,8
37 .4 3B.2 39,4
49,3 4741 47,6
Yok H4TebH 49,3
44,3 44,6 45,0

[ 120 KHZ

4u,2 47.1 48,7
4ba6 8.2 60,2
46,2 373 39,7
33,1 21.8 35,9
1.3 4196 34,6
G201 3709 H1.1
358 37.7 38,8
4.4 3%.7 40,4
2,2 49.3 Bu.é

Fise

Fisd

Fran

FIsH

5246
48,2
47.4
13,9
Yba b
4041
%898
517
390‘9

FIsH NO

L4, 9
4869
51,8
2947
338
37.6
477
5262
57.8

blob
5762
4741
2863
Ybel
42.9
47,7
454 4
EL- TN

N0

MO

164

50,8
4862
577
33.2
47 s 6
390
4448
49424
399

154

5367
5069
4242
3043
3308
43.8
45.3
b3e7
54.9

283
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SAITHE AT

SALTHE
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SAITHE AT 120 KHZ

SAITHE 149 CM 123 «HZ
7352 bloy B7.6 B4s1 b2, %
5leb blol B5aed Blsbd 49,7
6306 52a4 43,1 H4.9 L7 ,6
Uo7 HBay Hloh 4801 43,6
31,0 2708 2B.1 344 47,6
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SAITHE AT 120 KHZ

SATTHE  43.0 €W 12ZJd wr2 FISH NO 362
53,0 53.0 52.0 520 S5l.1 el 49.4 tded
S5lel 530 Blol 447 4d,7 40,7 Hleb 42.5
33¢6 M2 35,3 3Be.4 M35 46,0 IBRT dde2
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SAITHE AT 120 KHZ
SATTHE s5h.0 O 1273 KnZ
Gleby 900 38.9 37:7 “4y.0
418 4led 407 402 39,8
38,5 43.4 Hoed H40:7 42,7
40.5 398 39.) 405 42,1
257 259 324 292 31,8
3lab 32e6 3347 35} 36,7
36,9 438 371 36,1 35,2
47 o4 4758 484 449 42,4
4.5 44.8 453 42:7 4.0
4643

SAITHE 550 CH 123 K
Sle2 492 2.0 H43.5 44,7
4204 48608 H3.5 40.5 35,3
46,2 3ba7 3.7 H2.0 46,2
380/ H43e) H2¢2 33a4 3704
28,0 255 3249 363 27 .4
41,7 39.9 30,8 34:3 43,5
42,7 48e0 4.2 IbeB 37,4
33,9 Fle7 33,0 365 42,4
16,9 41«7 392 363 37,4
444

SALIHE 56.5 O 123 KHZ
Y, 4 Hu.q 41,0 8.4 39,1
36,2 3%e4 H1o7 3741 Hu,2
S1e9 4404 H044 3769 38,4
Y, 4He 44,0 410 37,3
25,9 d0=4 33:% 39,1 32,6
32.4 396 333 292 31,8
35,2 3beB 37,9 399 42,0
39 el 396 404 Y160 42,0
38¢2 40e4 H3eBH Hbeb 43,5
41 04

SA1THE 570 CH 123 Kud
49,9 Hdboey Hyod Hlel 39,7
49,9 5B.9 55,9 420 39.7
49 .9 4Ly 39,7 359 37,4
45,1 4269 41l Hlel 44.9
293 276 2647 2961 32,7
330 347 BaeH 390 Jo.d
40,4 43.9 H1.1 3744 37,9
41,1 420 4209 43:9 42,9
36,4 404 43,9 43,9 44,9
4249

SATTHE  40.4% C 120 KuZ
43,9 Hle) 38,9 37.4 36.9
37,2 3661 33al 35.2 37,6
38,1 3.1 6.1 38B.% 43,72
40,3 4B.7 0.5 3493 34,1
256 2863 37.4% 294 29,7
3764 d4e9 3BT 390 Jo.7
Jhebh Iled AH.B 3Fed 44,7
Y4, 3 47.) H%eb 2.2 42,9
3F.6 H4o3 48,9 Hbe] 3.0
43z 6

SEIIHE  48.0 M 120 KMZ
Gled 396y 379 3951 398
Bl H3e3 39.8 379 .9
45,0 158 35,8 37.% 36,4
406 3B .8 32.9 2.1 32,4
2T o 2809 22s% 240G 29,8
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368 34en 336l 39.9 3V,.8
3769 H1ed HFeH H¥e3 44,5
3.3 4903 458 4363 41 .4
38,5
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DORSAL ASPECT TARGET STRENGTH FUNCTIONS OF SPRAT AT 38 KHZ

SPRAT 6.5 CH

56.7 56.0 57.6
61.8 63.7 66.0
53.8 52.8 52.0
B7.8 28,5 88.3
47.1 47.6 48,4
50.8 50.2 51.2
58.7 63.7 64,2
59.0 56.7 70.2
55,6 53.8 54.8
66.0

SPRAET 7.6 CH

53.6 53.6 3.0
57.3 52.0 52.7
62.8 64.3 61.9
52.5 51.8 8%1.2
89,5 49.8 89,3
49.8 50.0 50.4%
61.1 65.4 72.8
59.4 58.85 57.7
53.1 53.0 52.8
51.7

SPRAT 8.1 CH

77.8 77.8 77.8
T7.8 77.8 77.8
68,2 62.2 59.7
49.1 48.5 47.7
3.6 43,3 #3.0
45,3 45,7 46,8
77.8 T1.8 77.8
F7.8 77.8 77,8
77.8 77.8 T7.8
77.8

SPRAT 8.2 CH

J8.2 78.2 78,2
68.6 64.2 B61.3
51.3 50.6 89.9%
57.8 87.8 47.8
57.8 67.8 7.8
50.9 51.7 53.1
58.2 59.%1 59. 1
61.3 62.6 62.6
8.2 78.2 78,2
T8.2

SPRAT 8.4 CH

77,8 T 8 T 6
TToh TT.l Ti.8
55,1 53.3 55.8
57.0 86,1 45,2
43.% 83.3 83,1
86,3 67,0 87,9
65.4 77.8 7. &
77,8 TT.6 TT.h
TFols 778 TT. 6
7.4

fie]

SPRAT 8.7 ¢

&

F7.8 17, 8
77.6 71. 8
56,3 54, 3
#8.9 BT
4.8 45, 5
86,7 L8, 6
&8.3 7.8
7i.8 65.8
57.6 58.8

7.8

38 HKHZ

59,6 62,2 62,2
59.2 64.2 61.8
52.8 51,2 #9.9

u7.8 87.4 87.0
49,1 49,2 48.8
50.3 51.5 52.8
62.2 61.0 60,0
62.7 58,7 59.0
68,3 63,2 60.0

38 REHZ

52.% 51.8 51.3
53,4 54,2 55.3
60.1 58,5 §7.2
50,6 50,1 50.0
49,2 85,7 4%.0
51.6 53.% 54.7

T4 TG.3 66.8
T.0 56.1 55,5
52.7 52.5 52.4

38 KHZ

77.8 17.8 77.8
7.8 77.8 77.8
57.8 85%.5 54,2
57,1 46,6 85,9
52.5 82,5 83.0
47,7 89.1 50.9
Fi.8 7.8 7.8
77.8 77.8 77.8
T7.8 77.8 77,8

a8 EHT

8.2 18,2
59.1 87,3
49,2 &8.6
87.8 47.8 &
&7.8 BT, B B87.8
58,7 53.9 87.3
59,1 60,1 60.1
6.2 T2.1 7B.2
Fh.2 T8.2 TB.Z

38 &HZ

7.6 7T 8 774
TILG TT.8 77.4
58.3 56,3 55.1
65,0 44.8 64.6
43,3 43.8 83,6
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I8 TP.h 7.8

FT-0 7Tl TT.4
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TTa 8
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T8
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L
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55.6

g8 77.8

59.8
Fi.8

59.0
56.2
50.0
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53.8
68.13
61.4
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50.1
58.8
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61.9
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58.8
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60. 4
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SPRAT &T 38 KHZ

SBRAT

77.5
57,9
59.8
86,1
£2.8
47,6
65.4
65.8
T8
53.9

SERAT

55,8
50.4
53.%
53.6
85,8
56.1
51.5
%9, &
787
66,7

SPRAT

61,2
66,1
56.5
46,3
£3.3
53.5
5%.3
57. 3
5%. 3
72,1

57.4 ¢

58.7
85,2
62,1
56,9
57.0
52.2
55. 5
7.8

SPRAT
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52.2
59.7
£6.0
25,1
56.2
45.8
£9.8
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57.8

0.5 CH

T7.5 7°
£0.6 5
53.% 51.6
5.9 85.6

42.8 83.0
B85 49,2
61,9 60,6

17.5 77.5%
Ti.8 65.8

11.0 CR
55.8 55,2
50.4 50.8
55,2 57. 1
£1.5 89,8
45,1 87,6
5%.6 63.2
50.8 51,8
59.4 59.6
FZ2.7 867

2.0 B
60,1 60,

T2.1 78,7
54.6 53,
85,7 85,
83,5 83,8
56.5 56.5
52.1 52.5
57.3 58,1
5%.2 5%4.0
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T7.5 77.5
58.% £7.9
48.5% 47.48
Bh.6 43,0
43.3 43.8
5.2 51.4
58.8 57.5
F7.5 7.5
3.5 61.9

I8 KHEZ
55.2 55.2
50.8 5%.1
59.6 63.2
59,2 48,6
5%.5 88.1
£0.7 58.7
52.3 53.1
58,7 5B.7
61.8 58,7

38 EHZ

T6.1 781
2.1 50.%
Gb.% 88,0
Bh,7 45,1
54,6 52.5%
84,5 58,0
59 59.0
5% 56,5
38 gz

FisH

67.9
775
87,1
82,2
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52.9
56.6
77.5
59,84

FLISH
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69,2
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7.1
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56.7
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HO TE3

6%.9 58.4 57.8

FT.5 77.5 77.8

6.8 L6.6 86,6

42.8 42,5 42,5

85,0 45,4 46,1

54,5 55.9 58,4

5%5.2 54,5 55,2

T7.5% 77.5% 77.5

58.4% 56.6 5%,9
g 11

S4.6 54.86 58,1

%1.5 51.5 51.9%

F8.,7 66.7 59.6

47,4 BE,9 86,5

49,8 51,1 2.7

£5.8 S54.4 53,6

55.8 57.1% 58,7

9.6 61.8 64,7

57.1 57.9 58,7
g0 10

54,0 58.1 59,0

FH.Y 66.% 62.6

45,2 48.3% 47.8

#3.2 42,7 2,7

87,0 88,3 49,8
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BO O30
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868.8
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5 56.2
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g B1.8 1.8

9 63.8 68,3

2 88,3 47,8

2 B3,7 u4,2

2 80.2 50.2

T EGL0 84,7

& 51.4 1.0

4 53,0 %51.06

2 53,7 854.9

68,3 71,8

4.3 B7.8

6.3 53.2

8&.2 &£3.7

83,7 81,9

53.2 58.8

2 51.8 51.8
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53,2 53.8
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66.8
61.9
58,5
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48,7 88,1 171 38
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SPRAT AT 38 KHZ

SPRAT 6.6 C¥ 38 RHZ PISH BO 248
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3.7 85,5 87,8 51.0 55.3 59,1 5%.9 55.9 57.4
53.6 55,9 58,2 61.3 68,7 T2.2 62.6 58.2 55,3
5%.4 49.9 88,7 #9.9 59.% 53.1 55.3 88,2 62.6
60.7 55.9 52,6 51.0 50.6 50.6 50.2 50,2 51.8
14,2

SPRAT 17.5 C® 38 KHZ PISH HO 24¢
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H v 7 3

311 120

3 7 T 7 1
e

317 120

f T/ﬁ i3 ¥ ]

£93 120

€84 120
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HERRING AT 120 KHZ

HERRING 24.7 ¢# 128 gHz FIsH No
44,5 44,8 44,1 4304 42,7 4204
Fled 57s4 5203 4948 45,3 43,7
E303 YTe1 44o7 44,5 4743 4%aq}
41,5 43984 456 9602 40,8 4247
4042 418 %304 4508 49,1 44,1
5,8 49,7 4908 7.4 Tied 5404
39,4 576 37:5 3647 3747 %05
52,3 713 7153 7803 Tied 7Tiael
65¢3 5508 5103 4Bo4 0.5 5103
5% 3

HERRING 28,0 (B P20 ®HIZ FisW MO

72:3 3 T2e P 2 3
5302 2 B4, .2 3 3
F2:3 3 T2 FRK: 7 2z
hdsd & 48, 5 7 & 3
37,45 g HG, 7 7
5168 7 5040 4 3
T2e3 6003 51 ? ki
44,7 4B,y 45 5 3
8% 44 Geéez B, 3 2
7203

HERRING 28.3

.,,,
-
o
=
o~
=

T4
58,4
T2e4
8leé
Béﬁ?
54,3
§7.3
§8.5
72e4
7244

od AFY ed
LN

fod

HERRING 28,7 LB 174

52:9 4743
5led 62,9 &
bbb 8 545@{} 56,
46,0 460 45
3763 453 49,
§658 5200 66
8,9 B3:8 50,
43,3 43:4 Hée
63,3 58B.9 54,10
B4y 8

HERR NG

64,8 4fi,g

BEleB 518 /
47,9 48.4 &
52:8 5ieB Z
37:8 48,4 & 7
Slef 367 3 4
37¢6 3867 3 Ha 3
gzsg 525&2 %,2 ’4@‘?
53.% £3.9 53 T8
FUe8

HERRING 3Z2.4% oM i

40:8
B4,

§2:%9 4 L]
Bi:4 574 F L]
T34

290

48,9
424
5263
467

12
47 .8
4Zal
Fled
5343

7263
F2ed
H8 .8
Blell
5067
T2.3
4545
58.3

Gbo7

44, H
§3,9
70.8

$Be4
4347
E7:4
44,8
42Zel
8367
43,0
7163
54,4

T2s3
?2@3
488
3649
515
7242
4561
56,7
6‘3@3

5443
T2.4
F2e4
50.8
T2
48,3
5244
Fie4
724

49,9
4748
Hhet
41,5
44,8
5743
42+5
Bhel
57,3

51,8
B0e )
H4 .4
38.0
312
3& o8
44 .8
53:9
TOe8

B&65
48,8
47 . 8
8.8
37,2
5645
4245
5344
E1a4

55,48
5103
49,8
42461
5%@8
81e2
4442
713
55,8

7203
7263
5047
34,8
52@5
7243
44,7
5&&?
LT

56,8
7244
B84
9.2
T2e4
4708
53.3
7264
7204

QQQ:}
EX- Y
Hhok
38e4
bt
63,3
4360
6.8
54.0

5168
4749
496 3
EERS
354
37.0
479
539
70.8

R
49,9
4841
5% 44
Biel
43,9
53:4
&3.9

£90 120

g9 120

¥ E L ¥ T
) Nﬁ}u\ﬂ

¥ ; 4 T T Y 1
70 140

g L3 L] L L 1
308 120

g ¥ ¥ N\
T4 120

g ¥ ¥ ¥ ]




DORSAL ASCPECT TARGET STRENGTH FUNCTIONS OF MACKEREL AT 38 KHZ

MACKEREL 2%.7 €M 38 KHZ Fi15H NO 235

MeBo TS FUNCTION MEASURED ONLY FOR TILY
ANGLES FROM =28 70 31 DEGREES INCLUSIVE,
SEE TEXT FOR FURTHER EXPLANATION,

77c¢% 779 T7069 TF0G 779 7709 7749 7769 7709
P79 %29 779 77¢9 77,9 V7709 77:9 53:8 B4.4
833 Biog B0.7 B30 56,3 5603 5506 598 63,9
5308 169 BY.4 B3, 5162 BHoY 5709 B7,.9
550 B7:9 56,3 BloB 007 52,3 550 58,8
Bio% HZe8 1e 8 BhHo3 996 BZ41 4703 47,3
éggﬁ Glef 3 YGed H7,0 49:.9 55,0 5243 S1.5
6243 2eB 4 Bd03 50,8 B556.3 B53.8 V7.9 779
T76% 770 G TTe® FT7:9 T77:9 779 77¢% 779
7749

HACKEREL 30,5 €% 38 KHZI FISH NO 342

BUYLE Bhat 5HF:0 62:5 60,0 56:5 B4:0 520 5304
$5.8 672:8 68,5 625 50,0 5722 B85 1 HIed B4,5
87e2 B59eny biel 6%} 4084 4702 48,5
Blebd BHap 49,49 47,7 G290 H48¢8 49,1
57¢2 4907 4B 9309 4%66 HHol 44,2
B8 BBop BBl Blod 5 Bigt H08 4B, ¢
BB 02 Hhed 4T o8 B8 %7 ,7 46,7 4747 Hle2 5762
85:8 B5:8 EV.2 5800 52,9 494 488 497 G0.4
S1o6 474 H&64,7 445 ‘%7@? 49,7 82,0 BZ269 50.8
4747

MACKEREL 1.5 CH 38 wHEZ FIs# NOo 3042

5.8 4441 HB.0
49,6 HE09 44,8
4703 4600y 3.6
4363 8201 #Hpe2
45,0 46:% 55,9
§4.8 Blsg 47,9
#%:6 5366 5006
B2:2 123 602
G486 527 55,53
7842

5G.3 B7¢4 527 49,9
49,0 49:3 Hbeb 44,8
4723 48,7 H4bat 44,8
4B.4 Sheb H2e2 503
AP.0 SHe2 HBe2Z Hb. b
& 55,9 48.4 45,4
B34 86%:2 BY,7
55,9 52s7 5063
Sheb 4267 bbe2

MACKEREL 32.% CM 38 KHZ FISH No 227

HeBe 19

ANGLE

SEE 7
78,0 78,0 TE.O 8.0 7840
T8O 7800 7840 H4:0 44,5

5067 5969
4893 6204
3%¢4 42,0
4724 487

l:6 408 921
534 4Boy Y49
6254 His9 40,7
B2s7 %509 B34

B2l,4 4957 Bl G447 45,7
B4, 46cd 490 0.7 47:9
8,7 B0.0 78,0 T8s0 7840

7850

MAECKEREL 325 €W 286 gHI FIsSH MO 230

FOR TILY
GREES [RCLUSIVE,
EAPLANAT I ONe

28 77 T7:29 77:% 7725 775
5 77 2.8 42.2 H1e5 410
<1 41 il 4.2 4761 Y444
a4 HE B BT 3940 3F4é
1.0 3Bt 229 4363 Hiel H1a9
el %747 1.7 BB542 BUel 44649
B 49,2 468 4444 5745
o § “3¢2 43¢F 45e7
133 77s% 7725 77,5

7769
5663
57q1

528

85,0
49,9
55,0
7769
7749

5445
5598
5001
516
4,46
4442
bisl
51e6
49 ¢ 1

50eb
45, 4
44,8
476t
44,8
‘46@2
51,8
48 7
6163

78,0
4347
5204
6244
48,3
58,7
Hbe 2
4706
78,0

7765
4063
48q2
244
G444
E046
4799
7745

235 sB T
1] L] L] LY L) 1

542 36

¥ I3 T 13 L3 1
30Z 38
g ) T T T T 3
227 38
F ¥ T W\MYJM\T]_ﬁ
£30 38
& 3 ¥ ¥ T k]
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MACKEREL AT

HACKEREL
777 7
EQs% 5
45,0 4
@30? &
4552 45,0
458 U4B.7
8§F .56 H6Bap
5?@? ‘$‘>§
53sf BZay
1-T]

HACKEREL

4543 4506
6,9 Hboy
Sle4 BUsu
&3:3 B3e9
44,8 48.n
9,2 bH8.3
49,8 45.9
500 4748
4845
MACKEREL
&0,2

45:8
4ie8
44,4

44 JB.%
41:3 H8.p
4163 3%:8
“@Q%S ¥
52,2

77¢8
HACHKEREL

4
4

i
B
6o

3 KHZ

e}

e d

0 2 é

& ad

] w ¥
4% 54 b5e6
FT7e7 5%cé
B, %8s )
Ei1e2 B2eb

<&
<@ Y §ed

¥ L]
@ ® W

P
B A U @ e
@ @
WU BRI LR RS

E

@

o

&

Bt
o
ik
5
T
Lot
¥
g
4
Pl

) O

43

~d

1Ged 4148

HEaH Higw

42,2 S0.2

48,% HBoé t

B2.,2 502 50,46 506 Blsp
334 €M 38 Fise Ha

3 Gsb 36, 58
Pat H1aZ 41 2
(L0 495 52
58,1 5435 B4,& 51

4860

4000

#¥e
4Zal
428
H8a9
2.7

560l
45,2
6201
4G 07
5306
55,4
R4 47
6347

G408
45,3
Ble}
4345
BB .0
B.8
S53et
520

T8s3
£§0,4
47+ 4
§3.8
8Os 4
$7,7
Biogl

TEE

T8:3

78e3
R R
4747
47 ey
LTV

5ieg

«3 7Bl 3

5 7 &
1842 % g
E & H &
g4y 7 3 8#5,% 48 b7
554 B 51,9 47s% 4944
B, 6 7 HE, & 7y L
9.4 iF e 7
76,2 g B,3

57,7
4502
86
4841
4542
56451
54514
53:6
7747

48,2
4bol
5263
5241
4547
49,4
57.0
HhelZ
48,5

LR Ry
42,8
4347
5267
#0069
4353
4048
510
6009

4945
ER Y
4268
B8,
46,5
39,9
iy b
68,5
4948

7843
H5,9
479
4367
494
84,2
62,8
76,3
T8Be¢3

68 38
13 L] 4 ¥ L]

2092 38
f ¥ ¥ ¥ T ]
274 38
£ T T T T T
231 38
prms— ¥ T T 1




MACKEREL AT 38 KHZ

MACKEREL

B0o4 Bloy
45,2 4643
49,4 5004
87,0 %408
HB.1 43,9
38,2 39:4
E0e8 4708
47,8 E}Ge!é
b &3e7
6367

MACKEREL

5b,5 520
46,7 4605
‘H20.7 430b
45,4 45,2
3B.7 19.5%
5.6 %403
49,2 5241
5450 517
49,2 49a8
59,0

MACKEREL

47 . % 4% 43
260 Hioh
3847 3Ben
4301 45ep
458 4443
464 4747
43,7 4548
51.2 504
48,5 Hbay
4451

Tl 78en
8.0 T8e0
Blet 5209
39,7 28e0
45,4 Hlie
HOei 29c9
44,4 3B,;9
38,7 4.y
Fl.0 TBaq

780

MACKEREL
NabBa
AMGL

N S Rk

3490 CH 38 xMZ FISH NO
49,7 87,4 45.8 4441
404 NG 0 45,4 45,4

£3,7 é@B? b62s) 626}
G9,8 BRaeb NTT HIT HH, )
§1.0 38.9 39,0 39,5 40,2
809 42,47 %%g@ 484t 4793
G o8 49.7 49,0 H&.8 HE,4
E1.6 98,7 48,1 50,8 &2.1
3.7 5608 0,8 60,8 54608

34,3 € 38 KHZI  FISH NGO

t.2 2.1 5900
13,3 40,8 4144
8

4 86,6 53.5 &0.0
50 ue .2 GZs8
4 3,1 5153
47,0 #5 H 4747
55,6 53 o7 5350
49,8 48 - L 4T T
51.3 5365 54,5 40,0 60.0
39,7 OF 3B gWI  FISH NO

G0.4 495} ; ¢

52,5 G405 61,1 64,1 50,8
51,2 52:0 51,6 50,8 50,4
Hho2 Hb.H 44 & U3 4 43,2

221

4.5
4645
5641
G447
397
450
48:4
5806
54%al

4%e5

“3a4
LR
4i3e 1
4.7
b ol
Gha9
520
506k
44l

4648
49. 8
5201
4648
3904
4hs3
54,1
5301
T2

80s9
410
506!
8.5
8742
45,4
S8l
42,5
59,0

FOR 71T

R AT I ON .
Fa,0 7850 O THe F8.0
Fean 8.0 0 4io3 46,2
87 5% 47,7 4 %3.9 H43.4
IB.1 40s3 2 472 HT7e7
Hab H3.7 G HbaH H4Z.8
“3.1 MZe3 4 Hlsy 39e2
377 408 §O3F.8 39.8
H7 .9 #3.9 7 BED.4 BBet
a0 FB.0 Ky TRafy FEHLO

232

By v

S oeh O3
EIEY

NG

b

INCLUSIVE,

8.0
58,0
42.9
$602
4506
39s ¢
4060
R P
78+80

FoR TiLy

8.1
48:8
203
4l &

LUSIVE.

F8el
4660
4, 2
400
1A ry!
48,8
50e 4
59.0
PBql

Hbel
4904
§9,4
4703
38,4
50,8
49,7
5246
58q6

4B, 6
41a7
4745
38,1
4544
4760
58,1
4942
590

HZe5
39,0
419
5004
44,4
5‘%‘35
494 4
44,1

78.0Q
54,5
4143
4662
4404
43ed
3863
7840
7840

781
43.8
401, 8
39,8
5841
LY
4740
6265
78s1

-
321 38

12 ¥ T

223 3¢

) L] ¥ 3
€16 38

§ ¥ 1] ]

2Z58

§

232 38

§ 5 ¥ 1

71



MACKEREL AT 38 KHZ

MACKEREL 35.0 €W 38 gMHZ FIsH No 236

NeBo TS FUNCTION Mz ASURED OWLY FOR TILT
ANGLES FROM =24 70 3Z DEGREES INCLUSIVE,
SEE TEYY FOR FURTHeR EXPLANATION.

o
- 236 38

TBal 78ey 78,38 786 78,1 781 78Bsl 78s) 78e¢) 78s1

8oy 7Bsy TEe) THel el T8yl T8l 7Bel 78.1 6461 T

B8s1 BHes B2el B0a5 54,6 BB B 4%9:8 460 43.6 45,46

46.8 430y HULT H0eB 82,7 45.0 4502 477 Sleb Bleb s ol

Bheb 4304 6,3 4B,2 4b,7 HB .4 4.6 G840 Y4 H4ed

o8 396¢8 379 397e%F 3.8 479 H43eY% Hle¥ %2.%5 H40.8 MA

4003 H109 9607 H2:7 43,6 H3:9 4Be2 4Heb 42,4 44,3

48.8 HBag 5548 Bles ub. 8 45,7 450 43:6 TBel 7841

7841 TBat TBol 7HBal JHR.1 THey FBe) TBel 7Bel 7Be) e ooy

7841

MACKEREL 35,0 CM  3p gHI  FIS5H MO 337

4852 429 45,1 HBe] BZ.6 H9.1 B%al 5%s) 57.4 48,9

502 4B08 H4eH 4H.9 43,7 H2.8 41e% NZe3 4103 40,3

047 H1en 4028 39c6 40,7 4304 41ed H40e) 42,5 45,9

%763 "*55‘34@ Hhey 4743 52,6 Llgld 52s4 HBs% 45,5% 57,4

48,9 44,7 #7546 53sb BB,2 49,4 45.3 4708 B2.6 601

BUc2 4507 46,49 8.9 48,4 H8,2 43,2 4% 46,8 48,5

7.8 46.8 45,5 Hbed 37,1 B0.2 55¢9 GH.2 60,1 60,1

5543 ﬁZeé? Eeb 506 P49, % 47,0 H4¢7F H3pl 4361

B9 HH.n 43.74 HE.H HiaZ Hba28B 45B.1 HBes 4763

Sie7

MACKEHEL 3%e.3 CH 38 xHZI FigH NOo 243 n

0.2 50472 872 5 4be)] 4509 47,0 4809 343 38

Hboll 44q9 45,9 3 3.0 4139 40,9 U4D0.b -

41a? H4e7 47,4 9 Hle 5.2 53.5 55,8

EHel Biae? 40y & g J8ed 3B.6 37,8 o

37,0 3b.% P390 Mleds Y70 HU,T

Hbad 459 39,5 4027 39:2 379 3844

3946 H2.0 0.5 “0s1 3%eé 39,2 38,8 T

40,0 398 38.0 371 3Bed 38.0 39,4

41,7 HBey 8.1 48,7 47,2 49.5 52,5 p— . . “

5265

MACKEREL 3het LM 38 KHI Fisd HOo 218

4763 922 4B+9 H6.8

45.2 4Fed Hbeb 4545

ELT 52:4 B4.9 B4.9

343 4.9 B4.3 53,8

5363 Bled HBob 45,7

Yhatt 455 M348 439

G443 528 B2.8 52,4

Bleé 54,9 H4.3 B4, 3

3,8 G57e6 £2¢% &1.5

F8s4

HMACKEREL 560 OH 38 grHI FI5H NO 212

501 %768 HTo% 43¢8 42,9 833 4447 4663 45,4 H3.8

BHak YH,7 45,2 HE.E 4h ] 8.0 BOeh HHaO 55,8 5049

47:5 HBa3 9.3 41,8 42, 427 HB.E 48,3

G4 2F21 9143 5% .4 “4Za7 44,8 H7.2

45 .8 Hlem H3:9 3ed llef %248 3G,

35,9 3%e3 1548 [y 0% 3862 37,9

28:.4 38eg 39,2 Yo7 42s7 41.8 H2.4

#3:3 4le7 4045 Gl HUgl H3,9

B4,7 5048 5462 Bheh 58,1 6060 ¥ . 4

TBel




MACKEREL oH KHZ  FI8H Ho 214
54,5 %240 501 48 eZ HBoB 4Be2
55@@ 5%@% 57@2 54 5 54,0 i‘-éag
45,8 4309 H3.6 43 7 H0e7 3906
3740 3?@% JB,0 HZ2. 7 48:5 HbeT
H3e® H8ay s "4 st 474 45,8
3%:6 3 & 3 0 4%9:4 581
LL P I L G HZe5H M246
43,5 4 3 83 57 HBU,8 4457
45,8 B 54, & &b,0 6le2
4. ()

MACKEREL  36.3

NaBe T8
g

ANGLES ¥

SEE TEXT
78.0 8.0 n
49,0 H7.8 s
44,9 43 3
Bha2 HBe4 %
44,6 44,5 2
247 4ieb o
H9,4 H4%,0 g
H6 .6 85,85 59
476 78ep » 0

780

HACKER Fi MO &é
82,3
50,3
4745
4957
4762

54,8
48,5 H7,
BHB 56,
4T .4 B
FEey

@ e 4

PR WS

o3 HHa3 9759 eh

o7 3 (R4

+ 7 1.9 5 3
F2: ) a0 8.0 s
78,0

Lot
T

5068

38,5
44453
424
50,8
4248
46,5
ELEER

[R R R IS <l
g

208

(R

54,0
48,0
376
4367
41e0
Gb,9
429
454
58,8

4968
6585
Hie
4240
4941
4465
50¢1
7853
Flel

£33 38

66 38

€34 38

T ] 3
¥ kK 4
% L 1
T ¥ ]
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MACKEREL AT 38 EHZ

MACKEREL 37,5 €% 38 #HMI F1SH NG 215

U3a% 4%a] 68,3 Hlg}

438 4258 H3.9 g
3 49:9 45.4 45,2 457
7
4

B85 4%.3 H44.3
44653 HbaB H5.
Bleft 8204 44
H6,8 49304 93,4
38.4 3Bs@ 37,
44,7 [’5959 87 55
3%9:4 g@@? 4560
Gl %201 Hioh
5i+5

L

38:% 27:5 3B:% 39.6
498 %608 48,7 515
4208 4058 39.0 37,4
4903 478 H54e8 4841
B3e6 H2¢3 H1s4 4044
1B Hlef) H1:3 4165
4821 51:% 8544 515

g B

MACKEREL 37,8

el
B347 50ey 48.5 476 Y441 gzo 58
G449 47,3 BO.3 4996 485 T
48,2 59,3 53,1 Blel 48,9
879 4784 #7.1 H3,9 %362 e
82,5 %25 1.6 5% B0e3
§2.1 4B.8 42, 521 4741
46,8 4B8.7 45, 4655 Héol / T
85,6 GHey H4,7 51 45,4
45,6 é?é'&g o 56¢3 Bbel £ T ¥ 1 L1 1
Tied
MACKEREL 18 gHi FLISH NO 226
SURED GNLY FOR YiILT
DEGREES INCLUSIVE,

F EXPLANATIOM, -
779 77 g 779 FT.% 7769 226 38
7.9 77 % Ghelh £2.4 B4a4 e
50,3 47 3 3840 345 25,1
4.4 34 3% 58 X 35 3%e7 HZel 4567 e
Ble.% 48 Huy,7 i G4, HBa)l 4943 H7.8
45,9 B2.,8 4751 H4 By 2 390 39.5 44,8
47,6 B7ag 49,0 BZ,4 40,3 393 40.0 H0.8 T
Glel HZeB %2.5 Bl 41,8 #3e3 44,5 47,1
E0e7 Bhay 55,7 FEFLY TT T FT7e% T7e%9 77,9 H ¥ T 24 ¥ (]
779

MACKEREL 28,2 ©H 38 wHE Flid No 222 g
£22 38
4703 #2:86 4340
4253 4ils2 M09 5
147 Fied 55,4
E0q¢ 47,.,3% BU. L ==
E4,1 5i¢2 58,67
&0e8 41:3 48,4
LIPS 423 44,8
43¢2 E2.46 541
86,1 470 48.1 F 7 ¥ 7 ¥ 5
77:7
HACKEREL 387 4# B OEHI FIsH NOo 228
Fi OR TILT
R IHCLUSTVE,
Bo
T, T7e¥ 7767 226 38
77 429 Hlq.8
A8 34902 34,3
3 7 42:3 4042
% 24 43,2 3746
] Gé Hbeb 4403
% 3% 41.7 4240
49:1 5747
??e? ?73? F T ¥ ¥ T € R

-3
N



MACKEREL AT 38 KHZ

HACKEREL 39.0 CM 38 wHZ F1
bbeb Hba28 Ble7 BE,9 499
Blsb6 4428 .0 42,4 42,9
4763 4847 B 0 %
36:9 35.9 35,3 35,4 3¢
44,5 42,9 968 44,0 42,0
3.5 419 HBoi 45,5 9348
47 .0 4206 39:5 41,6 “41leé
B1e0 397 39.8 39,9 40.0
H2:3 H3.8 4851 50,6 44,8
Héold

MACKEREL 3%.% CH 38 KNI F1
4be2 H5.8 95,2 4B.4 4,2 46,7
Qo2 4Bep HU,8 454 44,2 48,9
2.8 4248 47,8 %3,4 45,2 47,2
47,2 4764 88,8 50:4 57,5 50,4
H3,4 8B,0 85,6 6.2 Uh,9 44,1
9,1 4568 44,7 HBB Y&, 7 H4.4
H6,0 4609 48.2 469 46,7 48,7
2.5 £0e0 57,2 %20 80,1 50,41
85,5 Hhaet 46,5 47a4 4B, 4F,7
T8s0
HI  F1
& H%,0
B 4145
g “42.%
3 43,3
L7 62,7

4700
42¢5
HZa.7
5.4
4063
4.7
4ied
40a9
509

MACKERFL 80G.% OH 38 KHZ FisH WO
4% o B 2] T LB0e2
8347 57 HEE Y E¥ -
46840 “#2 2 #4032
19 44 0 835
49,2 42, 0 4348
45,5 £1.2 Blgld 50:9
49,2 50,% 4661

LT ] 3 ou47,8% 48,9

Bbo4 3 B0.2 49,2

H8 40

MACKEREL 41.8 CH 38 «HI F}

48,0 3
£2.6 s b
44,7 s 1
45 .2 G
3%.8 5
15,9 &
BT .4 G
40,42 7
45 4

W

Gad das
o om

e

213

Ybab
42.08
4iia ¥
37.9
3869
5069
41,9
“Z.0
5562

B
v
=

47 .9
LR
4% i
H4.8
439
434
529
4b47
5249

4445
4is 9
kéz@é
Hiadh
B9 .0
H7 6%
LEFY:]
408

b2

WS AR

&

St Kt
7 ol ol B WD 45V B

s

g D
@

47.8
4305
394
415
381
4644
42a4
41e3
49,8

43,8
45,8
4865
4265
1.8
4442
Gbaeb
Ghe7

5581

43eb
A%GQé
429
LR
5140
4747
429
3946
40

Y]
4704
4953
45 .4
-
1745
B3
4.0
Hb .8

4869
4545
38e1
4446
3842
44,5
43,0
41.0
44643

4747
4347
47,9
HZe¢3
428
45,0
4245
Y-l
58.0

4345
40e9
%552
4Zed
G844
LA
43,0
39.2
53.7

53,7
47}
4946
43.6
34,8
i5.3
4843
4047
LR

Z13 38
f T T ¥ T %
£17 38
1 13 ¥ 4 T \]

€210 38
¥ T ¥ T (]
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HACKEREL 29,7
MeBao
AMELES FRON
SEE

Ble2 BIogz 832

83e2 B3ec2 83,2

712 6706 £H03

5961 6023 6106

8.8 58,4 BH,3

49,9 50s5 B854

5243 5@@@ 03

b3q2 B5%e3 BT o8

B8%:,2 B3,z B3,2

8342

HACKEREL  30.5

B2.4
&%, 3
56,8
54,8
5301
54:3
59,4
66,8
6303
56,8

HACH

83.0
670
49,6
69,0
5246
G041
5% .8
6641
53,5
Biel

HACK

B340
5%t
47 .8
Sle?
43.0
&2 42
85,4
5642
83.0
B30

MACK

Bish
8.5
42,0
4740
410
Sis1
é%é’@%
LL PP
Bi.f
Bi.5

70¢3
ble5
B8es
%%@3
B3sg
B4ag
by 3
59@‘%
Gt

EREL 3108

776 F3a5
@%6§ é@@?
5U¢5 HheB
Tieg 72:5%
Bd.7 B3,%
4920 57,0
53e% Hia4
éZ%Z 87 .4
6061 HlehH
EREL 324

NoBe T3
ANGLES
SEE TEXT

83e.0

588 55,
4709 %%,
5264 5364
B% a8 %304
B0 4]
B84

6068

83.0
EREL 325

TS FUNCTION

FUNCTION
FROM
FoR

€M 120 KHZ Flsn WO 235

=2b

EAPLANATION,

83.2 Ble2
8362 832
b4%e1 BT7eb
Biled 523
§3:4 B7¢6
4bheB Hlaed
51s8 54+3
GZatt BFo7
83,2 #3.3

C¥ 120 EME FI1SH NO 342
1B 5363

E&3ed bleb

BB.3 G608

B4 el

EE I

L84

&6l

54,8

Ed ok

CH FISH No 302
&7 bhel 53s9 L300

71 9.0 3.0 5965

4% Y% &

SR e A AN Il

£h

o
7
x
B
"
4o
a4
x

CUPLANATION,

FURTHER

o
o
[N

W

WO 230

PO,

Bla.5
4802

MEASURED ONLY FOR TILT
TO 37 DEGREES INCLUSIVE.
TEXT FOR FURTHER

83.2
8302
G7e2
4204
Gbo0
544
58ab
g}vﬁz
B3.2

4608
Thel
G8¢1
5843
G008
bt
E9s4
G448
[ PN

4409
57.0
6764
55,8
Bb.2
6369
6242
42e2
ER IR

ONLY FOR TILT
5 INCLUSIVE.

LY Y
£7:%
Gel
41¢8
HBheo¥
Bl
510
8360
83.0

¥ OFOR TILY
INCLUSIVES,

8145
4546
425
9’%&@&
H7 47
3844
41e7
4645
G158

83,2
73,7
6049
5201
52414
663
Ble2
83,2

70¢3
B2eY
6041
59.4
58
5848
6343
594
58,3

6940
58,0
4940
607
5204
58,9
55,8
55.8
579

415
%148
G4,
400
5064
5264
5362
83,0
83.0

8145
43s6
A4 .4
B4 o4
Gbet
4leb
426
81,5
BleB

295 120

NIZ4LAW
1] L3 ¥ L 11 k]
342 120

30¢ g

227 1zo
1 ¥ T ¥ 1 .
230 120
¥ ¥ L] 7 T 1




MACKEREL AT 120 KHZ

MACKEREL 33,0 ©H 120 EHZ FI5H No 65
8607 §9s6 6400 7306 83,1 B3, 83.f 83¢] B3e] 54,5 65 120
54e6 BYeg 4706 bhda7 65,1 G800 H4.2 BH.2Z 56,3 59,6 -
64,0 Bbs3 502 478 4B,2 48,5 48,8 49} 53,9 Bicd
4941 Sle7 6B01 4551 B7.} B3.3 62:8 55.9 4105 61s5
85,2 5103 515 533 55,5 58.5 6062 5607 5%9.6 54,8
Yhel Hieo HY,7 Hbs] 46,7 BlsS 6951 BP0 BH,8 58,5
696 6708 57:5 5505 54,5 5056 4766 5202 596 55,9
B3:0 9207 B3e6 54948 56,7 59,0 62:3 6602 77e) B3sl
8353 8301 774l 7741 Fleh 6068 B4o5 H2¢7 H701 6203
5542
WACKEREL 23,2 CM 120 KHI FI1SH nNo 224 _
B2:0 5067 4940 47e6 46,3 45,3 4846 4307 42,9 H42e7 2€4 120
3,5 UM,4 HhoU HB¢B G52,0 B4.7 4761 44e6 4G ,6 46,7 -+
BB B Hbs7 HEe7 4860 42,7 48,9 47.6 Hi1:3 H8B.D B6&e7
Bls3 480 50:7 530b 59,6 5657 49,5 4bs0 435 4163
§5 o1 4403 4069 3763 36,3 35,3 3508 36¢9 42.% 5607
Bbod HleB Y069 Hiel Hi,l 39,4 37.46 36:6 38,0 19,8
46,0 S3ed 49,0 440 44,9 U6,0 47.4 49,0 50,7 53.6 T
56,7 &1:5 59,6 555 53,6 51¢3 5061 520 5405 B3sb
5267 B2e0 Hled BUe7 47,8 44,9 4534 47,1 48c.% 50.7 i ¥ L T T 3
5067
MACKEREL  33.4 OM 120 KHI  FISH NO 231
NeBs T5 FUNCTION MEASURED ONLY FOR TILT
ANGLES FHOM =33 70 34 DEGREES INCLUSIVE,
SEE TEXT FOR FURTHER ZXPLANATION.
83,3 B3¢73 Biod B3el 83,3 B3l,3 B3e3 83:3 8303 8363 €31 120
83,3 83s3 57,7 58,2 BB,7 54,4 5648 529 50,2 98,8
£1e4 55e3 624 45 58,7 55.3 5269 5493 57,7 59,2
52,4 4Bef 49,3 : 98,5 B1e7 53s2 5266 Hlef
EOeH 4942 48,5 G7e3 SHeb 51s? Bl.8 57,3
410 HBok 43,7 .- 43,7 4066 %24 45,2 4943
2.6 48e7 47,3 o 5,8 48,5 51.% B51.0 50,2
BY .5 4Bs8 HBe3 HT 7 47,1 4bebh Hbhs| 4t 95:5 45.8
B3s3 B3s3 B3.3 8323 83,3 B3,3 822 B3.3 83,3 1
8363
MACKEREL Yol CM 1 Z0 KH{ Frad No 3214
Blep 83s; 8341 83e) 83,1 E7el B85 60e2 321 1z0
3.0 G487 Tiel 6Ba0 89,0 Slel GO0 53,6
6145 62,0 B0ebh 51.7 58,5 5066 48:3 4943
504 5406 60.8 55:1 52,0 E9e0 Tlel 5966
B4.8 59,0 67.5 5940 6),5 56:7 4068 Blel
4F.T7 BTel Bl H0e&6 H2,5 BB 63s1 5260
B1s3 51e7 B2:2 B2e7 58,7 T3ch 4.0 6042
57,5 55.5 53.4 53,% 55,1 631 6165 6042
59,0 B7:5 63.1 SB.0 55,1 S3eb 54,8 5643
5840
MACKEREL 3%.3 C#M 120 KHZ  Fi5H No 223 _
43,2 45,7 HE.1 HHe( 4361 £23 120
3.6 4720 7ok 4261 43¢5 H4Be} -
47,2 ?":?Qes{} ’;2;,“% 47,2 49,4 52,8
3.7 47:5 43.0 Uie% 41e2 3959
39,42 %251 53,0 4354 Bu,b 5748
4901 4943 G454 4807 H6.2 HUol
1.8 3969 414 39:5 40,9 4363
4744 GHob “u 7 43¢5 43.3 4443
8.8 HTen) g8 4 4T 4u.1 Y43.3 F T ¥ ¥ ¥ 1
47,5

77
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MACKEREL AT

120 KHZ

HMACKEREL 34.7 CH 120 KHZ F18H NO 216

G7¢5 50e7 H%9:46 4B.8 47,6 7.6 47¢6 47 b 47,46
BBob HUe) 73e¢b Tded Ti:6 6706 59:7 66,7 536
50:f B027 6106 7leb 64,1 BBob Hled 5241 BheT
§241 HBs) 3.0 HDe2 40,49 Y1.2 47:2 49,0 47,2
4263 4Be7 S4.b B40b 47,6 42,5 Y102 41ed 82,0
B2,3 Hled 42,0 H2:5% 83,0 435 40+46 408 425
B0 4263 41,86 Y1a6 5.0 SZ.1 4Bel 474,64 4742
8742 4787 46,8 4702 8.5 B0.7 Bled 49,0 4706
4305 4363 4363 433 HG .7 494 BbaT blob 67,6
Fieb

MACKEREL 34:7 CH 120 KHZ Fi5H No 232

MeBo TH FURNCTION HraBSURED ONLY FOR TILT

AHGLES FROM

D]

TG 32

DEGREES

INCLUSIVE,

SEE TEYY FOR FyulvHer

EXFLANATION,

Ble2 B8lez 83,2 83,72 BR:2 Bl.3 B342 83.2
83,2 83:2 83:2 2 Gl.) M%sb BUe3 LY.l 59,7
B4,9 4%,:,9 95,3 43.% 45,3 49,46 B57.4 H5e2 H1ei
Hbot UH4e7 H3,3 H2:0 48,3 4743 48+1 H6:0 4006
39.0 4%.8 556 60,23 49,9 4ho4 4548 45¢1 48,1
0eb HZep H4.9 H5.4 HH, b Hb6.T7 42:3 45.4 Hh o4
4265 47 478 BZ.% 63,6 Bled BIcs S5led 4944
06} 530y 572 663 57,2 H2.5 53:9 57:6 83,2
83,7 B3e7 83,2 B2.7 BI,2 83,72 B357 83:2 B3,2
8352

MACKEREL 35.0 On 120 ¥WI FiS5H No 73

129 5508 5243 5Hle Glg) &2:7F B827 B3.1}
5123 5351 G8¢1 55 4743 49:2 5241 5402
58¢1 B2e¢4 B2s6 BY. B, t D402 BBes b12F 537
Bled B3¢ 55,1 5751 60,4 62,7 5721 404 4.4
BZe7 608 B2,1 4942 B5I,1 41.1 4502 44962 44,2
GZal 4Be% Bleb BleB 48,0 H6.2 4764 4Bo:9 BOHY
8565 B8c) B4l BIe] B2,3 53.4 B8} BBl 5541
Blel BUo2 B241 BHo4 B7,6 62:7 6064 B8asb 5746
BB BUel H3:1 H2Zed 61,5 H206 B3.7 5B0] BéeT
5148

MELKEREL 35,0 C# P20 KHZ FISH NOo 236

B3e0 Bleg B3,0 81 8 Blel) B3¢0 8340
B3,0 83,0 83.0 ; 56,7 73:5% 607 55,8
B06¢% B3e2 58,4 58,9 T35 T1e¢Q 6754
Sla0 5598 G602 Efeu 4740 4BeT ©9,5
63:.9 57s0 53,5 42 B0:3 %345 4%.0 46,6
Bhobt 50w 445 47 5.5 497 439} 39.0
4767 43e6 H4.8 4§ HE.7 4328 4641 492
44,5 485 53,5 4% E o4 4T o4 B0 B3.,0
Bls0 8len B3,8 83 B3.0 B3¢0 B0 83,0
83,0

HACKEREL  37.0 €M 120 KHZI FISH NO &4

5751 5627 BbeT 5 55.8 5505 HéeT 82,7
Tidsl 4%e8 50,0 5i 54 53:7 509 4948 Bleé
58.1 Bhde2 Bloeb 6207 67,1 B2¢7 53¢H 4994 47,69
He& o0 4beg H9.6 524l 55,5 60s% 50:0 489 50:6
Blol §7e# HB .8 #H.8 49,1 50,0 HBlel 44¢4 45,7
471 HH4s7 42,0 Y43 52,9 40.4 H7.4 558 BB.E
5101 6%+8 Ta:1 B87.1 BZ,3 524 ’ 57e¢6 &7+
GYoH Bllep HFc4% HFe] HE,7 48,8 48,0 4709 476
4.1 H4.4 H4.4 D8e] Bz,7 82,7 827 8247 8247
82,7

5067
821}
5% 7
430
42,8
4454
4742
§6o0
73:6

83,2
B647
4804
3746
45,0
410
479
83,2
83.2

5066
R T
80142
7361
48.0
5206
5209
5442
bH g}

83,0
52:9
5269
58,8
L1-TY
4304
44,9
83.0
83,0

8207
S4g1
4549
5246
44648
586}
6247
49414
8247

€18 120
M ,
£32 1ZC

A

78 120
H z
£36 120

f
66 120




MACKER!

MACKEREL

HeBo

37 .0

120

TS FUNCTION

*ANGLES FROM

SEE TEAT
B3:3 8323 Ble 8302
83,3 8323 83:.3 83,2
83,3 B3:3 B3,% B2,3
b1s7 Bbey BH4al Béhel
4%9:3 5305 B7.3 48.8
Eéof HHo7 67:8 46,2
BH.7 50e9 59,27 44:9
U8 e} BBe dio7 Gla7
58,7 B83.3 82,3 B83.3
83,3
HACKEREL 37,0 CH

HeBa T35

ARGLES FROH

SEE YEXT FOR
T3.0 7350 72,0 730
730 7360 609 Sbel
%89% Bloet B7.,4 73,0
5744 53:9 54,9 590
539“4 %?ﬁ‘? §3$9 5&9?
474 Bled B&,1 HZoé
609 B0ery B3,0 5704
5442 5000 B4l 730
53,9 449 T3.0 Ti:0
730
HACKEREL 7.5 OH
Gled BZoy 58,1 56,3
50@3 533& %§@% $¥ s 2
8251 4ley HZeb H30b
B7,2 4B, HB.6 49,
43,6 4263 452 55.1
1,8 43.4 H5,2 Y8}
Glel Blaz H%,1 5%.2
Hhoi HHeh H7.4 551
524 46364 592 56,1
73:2
MACKEREL 38,0 COH

58,0
54,5
44,0
4443
4043
bleh
53e6
49,5
H4,0
T3sé

§§&3
4850

KACKEREL

4951
5745
5Z2s2
54,3
514
410

43,7

39,0
48 .4

47 s 4

49 ¢
EEEN
£7.5
Blae
Sies
“2e
0.9
3964
4555

-

EIY

@

LEARE PRI S o)

~F e O
»

1@ er & R
& & ® oD w4

& -

EEL I
&
Y g0 Ger O

e Gat

AN
b O fat

vy er
1
ja% 2 400

83
83
82
5&
58
48
43
51

83

g

o8 e

&
29
&3

8}

3

T

120 KHI

FlaH No 229

EXPLAMATION,

53 B1.3
s 3 83:3
«3 B3.2
a7 H3e3
«7 B3.8
o8 B4, 4
% 44,0
ob 48:2
s 3 833
KHEZ

HY .7

“bs 7
Yhed

472
5746

8742

5061

4440
56,7
4840
55,5

878
5051

Bd 63

736

83¢3 B3.3
G3:3 83,3
693 538
7ied 5743
4892 9.5
57¢3 H48.8
UH oG HELT
8.5 52,7
B3s3 8343

MEASURED ONLY FOR TILT
=149 70 35 DEGREES
FOR FURTHER

INCLUSIVE,

8303
833
56¢5
5165
"G .7
4269
G147
b8
83:3

GRLY FOR TILT
CES INCLUSIVYE,
TI0H,
2.0 73:0 730
Thall 5629 40,9
Ghsl Shoel 46344
G764 54:9 5349
S50.0 874 49,4
500 5060 48,9
Bhel 60:% 53,0
3.0 G144 52,1
Filsq 73-0 730
18H NO 218
b3 H43eb 4440
3bofl H4Oel H&.0
HBobh Bieb 55,1
Hhe) 505 H8Bq1
3¢9 418 HOo1
HBa) HZeb 43,9
G7eh 5342 5003
48c4 Hbs7 45,2
Sleb B0:% 54,1
Fi8H No 226
FOR TILT
FHCLUSIVE .
Ti10Ne
Gled BZe0 %248
GHaB 4T HALT
B3sb B¢ 513
B3cbh B52:8 5041
Lle1 H49:0 52,0
B85 HBleb 6460
“hed %603 HbeoO
4.0 48:% 58,0
T34 73cb T3eb
1EH Ho 2t
%329 5%¢4 6345
53.9 570 550
3.3 6 493
8.5
H4, 8
41:2
38q 4
570
4602

8343
8303
8363
48¢1
4.4
4742
4942
69,2
83,3

73:0
5241
43a.4
57.4
4403
5744
5040
53.0
73e0

4951
45,2
5264
4546
40. 3
503
476 b
4742
blat

5346
4603
476l
4145
55,5
58,0
4660
506!
7306

54,3
B51.2
Blo¥
55,3
4069
49,5
399
53.0
47 o4

Zga 120

£34 120

215 120 T,

226 120

211 120




80

MACKEREL

HACKEREL

EETY
4440
45,4
41s3
36,9
4204
LY ]
#lal
E0.2
84,9

5666
H8o 9
474
8224
38e5
3703
H2e®
LY
4945

HACKEREL

4207
445
37.8
39.5
3765
402
5&\%&
£§76%
hle7?
7del

§2e7
%%@g
4le
43e¢8
478
395

755
50«8
41ef

MACKEREL

5762
574
46,9
48,9
ggﬁ?
4751
435
1.8
49,8
47¢}

B0s 3
B84 4
4962
50epy
Bied
4§52
4.8
50:9
478

MACKEREL

810
£3.0
R PR
55,9
§0.3
45,4
45,3
45,6
52:0

§1.2

Bleg
%503
G0ed
4G4%
4863
o0y
4F g8
4% 032
dlefy

39,0

Gilséh
H4 .2
4Be 9
Y442
EhPR
A7 0
45,2
£0.2
49,5

399

42457
45,9
Qb ob
EQ.8
475
38e6
4545
57:5
42,0

4o 4

651
50+3
5263
5162
49,8
5243
4241
45,6
45.6

41s%

81,0
875
520
48,7
44,8
4045
527
4b o d
£9 .4

AT

CH

HB4 9
43e¢2
Sleé
48, 4
H2:9
38,5t
48,2
49.5

oM

6244
49,8
55,4
5544
4842
5742
HOs 4
4744
H4H 41

CH

68,9
82,7
BH.5
574§
46,2
A%.8
T
44,5
578

£20 KNZ

o

o

120 KM

120 KHZ

44,9
42,6
Né ot
3.8
%ht
39,2
43,5
48,9
45,9

Z0 KHZ

42,5
50,8
45 1
41,5
41,0
38,0
42,2
7361
43,0

20 KR

56,2
49,
B3
49,2
46,9
B34
40,0
50,3
42,8

59 .4
4%, 4
58,1
55,9
4% .2
5347
49 .2
45,4

&
L

4G s 2
43¢2
%é@%
3643
HEo 4
40e 6
4640
4844
47 .8

42,5
49,0
42:56
39,8
42,0
H860
4305
6761
iy

Ble2
4946
474 ¢
§2.6
4849
§84 &
4045
54,0
4263

554
4944
55,4
55,0
53:7
Ghe 5
4% 4
4841
G5 .4

8504
44,9
509
3607
1ol
8204
421
48,5
Hé60)

4765
LETS]
404
3961
4340
4345
LT
5520
5145

E0e5
54668
45 .5
4bet
4449
8545
38.4
BHs4
43}

5254
0.6
BZe4
5441
269
4402
4648
447
ER S

FISH No 213

4640
Hbe ¥
£304
375
“le8
J%L‘EZ
39: 6
445

FISH NGg 219

4340
4040
HOo6 0
38,4
43¢5
$be2
4761
4944
515

Fi1sn No 2410

5§00
S4eb
48,9
4269
441
4bo7
381
B4.6
4349

FISH No 34}

5063
52.0
5063
5304
4265
47 .9
4247
5051
Biel

Hhot
49,5
3902
4640
4649
3767
84,9
4342

43.5
37.8
396
3bs b
4245
53s1
4944
45,9
540

49e 6
5065
54.6
4408
43,7
49,8
4243
54,9
44,9

S3.7
52.4
52.9
3847
5540
B3,4
4942
527

48e4
4062
3763
EL L]
4465
3807
BEieb
H4e9

43,8
37.1
39,5
3406
4163
5540
53e1
4305
6365

47,9
51{e6
5S4
4563
44,5
H42:9
S3el
45,9

5167
5264
55,9
51e7
48q1
55,0
44,3
4564
91a7

€13 120

218 120

210 120




DORSAL ASPRCT

POLLACK

7649
§3:3
§3e2
48,9
38,0
44,8
$4.4
48 ¢4
52.8
533

Tho9
51e3
%3@@
4780
3793
45¢ 7
4204
4744
B50e8

POLLACK

89,9
4745
6061
45,4
35,8
H50e6
50,2
6246
S1.3
7842

517
47 a3
6143
H3e2
35.8
5@9@
5441
Bhed
5264

POLLACK

[ Y]
6800
4B.9
4547
3beH
4847
4547
4547
62+0

6860
6840
54640
48,0
3669
44,5
4847
Y89
GZ.4
62.0

FOLLACK

5065
53,4
43,5
39,2
39.2
4449
44,5
46,5
63,0
679

4%, 3
400
4443
3B.8
3967
H4o9
4309
4863
Gégy

POLLACK

48,8
é&@&
4.8
5.8
6.8
44,2
628
6848
£8.8
6B.8

68 .8
&8, 8
6868
4808
3ba2
4848
4848
4848
4848

POLLACK

EL I
LR
45,8
40093
39.5
447
Hlag
%853
4960

56,1
R
86,3
44,5
3%.2
48,0
39,0
S1a4
84,0
770

19¢7 CH

Tae?
HGe 3
44,0
45,5
J6e3
LT 7%
4147
Hhq8
§% 46

20:46 CH

540l
468
Bleb
§1s5
35,8
5066
246
B3e8
54,3

20,8

6840
6860
45,7
G4 .5
3bab
HE.0
45,1
4547
6840

212 £H

4843
§1.8
44,9
38,3
19,4
43,5
4363
50,7
£5,4

2145

68,8
53:3
68,8
%840
3544
L2458
b8.8
8.8
£8.8

21eB M

53:4
43,8
#5586
40,2
410
HZel
LR
48,0
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B2,2 44,0 39,1 38.7 80,1 42.2 4Z2.4
87.7 55.6 87.2 24.3 52.1 50.8 48.9
3.1 85.6 61,6 T1.2 71.2 71.2 71.2
Tt.2 712 71.2 65.2 59.1 57,2 54.13
48,9
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65,4
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82,4
42.8
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A

1RY
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46,3
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4G.6
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87.%
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T1.2
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40,8
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) 71,2
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39.7
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55.5
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0.7
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35.5
32.6
38.8
0.7
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T0.7
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48,3
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59.8
47.8
55.0
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35.2
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6,6
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59.3
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POLLACK

56.5 53.0
56.% 45.6
52.0 89.1
88.5 49,1

3¢.6 35.8
£1.9 45.2
81,9 46.0
72,9 2.0

72,0 T2.0
55.1

POLLACK
51.5 89,48
$8.6 52.7
51.9 51.5
£85.0 52.7
33.% 30.1
42.7 85,5
52.7 50.5
48,86 46.5
63.5 69.6
69.6
BOLLACH
F1.3 71.3
51.3 S50.4
F1.3 71.3
50.4 51.3
35.0 31.9
1.7 53.2
7.3 7%.3
57.3 8#6.7
54,8 53,2

T1.3

POLLACE

72,1 72,1
8.1 513
72,1 72,1
88,2 56.6
35.86 1é.4
bu.2 548.1%

53,0 #B.46
T2.1 72.1
72.1 72,1
55.2

BOLLACK

-9 36,1
4%,2 8.8
86,4 580.2
Ti.1 Fl1a1
49,5 48,5
58,8
POLLACE
55.6 52.0
FTi.1 7.1
47,0 48.2
1.6 57.1
15.9 33.0
39.5 £31.5
88,8 48,2
85,6 52.0
T4.7 Tt

AT 120 BHZ
23.% €A 120 KHZ PFISH HC
$3.8 72.0 72.0 66.0 88,1
53.0 56,5 51,2 4B.0 45,8
86,9% 49,1 54,0 54.0 89,1
3.0 56.% 50.5 56.5 52.0
34,9 37,9 3%.6 36.2 41,4
89,8 82,2 9.4 38.% 38,1
53,0 B4.0 u6.0 48.0 B1.2
62.5 58,7 54,0 51.2 49.1
T2.€ F2.0 T2.0 72.0 72.0

28,0 £® 120

BB.T7 50,5 59,6 69.6 63.6
B9, 6 48,0 87.3 52.7 4.0
45,5 46,0 HB.T 52,7 60,0
BEE 87,3 65.6 69.6 B0.E
30.5 38,9 43,0 45.5 40.9
85. % éﬁag ug,.7 47,3 57.5
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B4, 8 %ﬁ,ﬁ 5%.5 63.5 57.5
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72,9 7241 L172,1
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47,0 55,2
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POLLACK

T0.9
64,9
76.9
87,8
30.9
37.9
64.9
55.4
6k, 9
44,9

POLLACH

72.0
7220
72.0
T2.0C
3%.3
49.7
52,0
53.9
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72.0
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50.0
63,4
T2.9
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12.%
44,3
89.4
47.8
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52.9
59, %
62.4
37.40
41. 4
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56,9 88.4 52.9
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#8.7 50.% 51.9
30,6 31.6 33.7
37.7 88,3 52,9
48,7 43.3 83.3
54,0 52,9 51,9
T0.9 70.9 76,9

28.9 €8

T2.0 72,0 72.0
72.0 72.0 720
T2.G 60.0 52.9
T2.0 B6.4 H9,7
32-8% 32,6 32.8
50.4 5%.2 47,6
£9,7 &8.5 87,9
62.5 62.5 55.1
62.5 60.0 56.4
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48.3 48.8
F2.9 58.9
72.9 58.%
57.3 54.9
32.9 35.8 39.8
40.6 82,5 46,1
B6.5 45,3 42.8
50.0 52.1 58.1
66.9 52.9 58.9
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POLLACK AT 120 KHZ

POLLACK 39.4 C@ 120 ®HZ FISH NC 199

18@ 120

70.8 70.8 70,8 70.8

61,2 5.7 49.9 51,7 52,7 3.5
48.5 58,7 46,7 42,1 U3,

4

3

2 80,4 37,9 42.8 4n.7 48,5
49.9 52,7 56.8 51.7 o7 43,2 85,2 43,2 B8,3 50.8
49,2 43,5 34,5 33,6 39.6 48.5 50.8 38,1 31.3 29.8
25.8 28.0 29,2 26.6 31.6 34.5 37.0 86,2 40.4 37,5
37.0 46,7 49.9 ¥7.2 39.2 34,8 33.9 35.1 36.8 u43.5
48.5 4%.2 B7.8 52.7 52.7 47.8 4%.9 51.7 #5.2 43,5
46,2 47.2 #3.9 B1.8 39.9 3%.4 39.6 39.9 u42.8 55,2
B2.5 43,5 48,7 6.2 87,8 47.2 L4.7 86,2 46.7 42,5
82,5

POLLACK 43,7 CH 120 KHZ FISH NC 239
58,5 48,5 66.0 49.8 49,1 49.8 £39 120
BE.5 485 S5.2 54.0 42.5 42.5

50 53,0 62,5 E3.0

56
48,0 42.0 38.8 39,0 51.2 53.0 49

£0
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5
E k4.t 41,4 up,2
8 53,0 58.1 80,5
47,5 48,5 82,8 56,8 43.8 43,1 E 44,8 36.1 31,8
29,0 27.2 32.7 88,5 33,8 31.9 6 47.0 36.4 43,8
60,7 38.6 36.9 37.6 40,0 #3.8 40,7 38,3 37.6 36.9
38,6 42,5 38,6 38.56 80,9 4.1 49.8 89,1 46,5 53.0
49,8 48.0 46,0 83.8 42.5 85,72 48,5 47,0 39.0 38.8
G1. 8 3B.6 43.86 47,5 82,0 40.9 41.2 85,2 43.4 40,7
42,8

POLLACK 52.0 CB 120 KHZ FISH HC 238
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39.3 41.8 50,9 36.8 40,9 51.3 60.9 60,9 60,9 9.9

54,8 51.3 46,9 85,3 62,8 60,0 51.3 45.3 45,3 45,3

46,9 46.9 46,9 46,9 46,9 UB. R 48,8 UR,B 60,9 54.8 R ATER TR NV
44,0
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