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INTRODUCTION

The estimation of absolute fish abundance using echo integrators
rqquires knowledge of the echo sounder and integration system para-
meters and, in many cases estimates of the mean fish target strength.
Relationships between fi;h and target strength have been developed,

e.g. Love (1971), Goddard and Welsby (1973), and Nakken and Olsen (1973).
However, due to the unknown effects of the fish handling (confinement,
anesthetization, killing, etc.,} necessary to make the measurements,

and the usually unknown orientation and aspect angle of t£e surveyed
fish population, the application of a particular target strength to
length relationship will usually provide biase& target strength esti-
mates. A theoretically promising approach is to estimate the target
strengths of individual fish in situ.

An in situ method of target strength estimation was developed by
Craig and Forbes (1969) and a variation of this method has been emﬁloyed
by Midttun and Nakken (1971). Using information on the transducer beaﬁ
dpttern, these methods convert echo strength distributions to target
strength distributiéhs. 'In the present study the two methods were simu-
lated on a computer in order to obtain information on their potential
accuracy in estimating mean target strength (er mean scattering cross
section). This paper discusses the results of these simulation studies
and compares them with results from an analysis of empiricél data on

Pacific hake (Merluccius productus). In addition, it describes the

operation of a new in situ target strength measurement system, a dual
beam transducer system (Ehrenberg, 1974), which directly corrects the
echo strength to target strength for each detected siéﬁle fish target.

Preliminary results from a brief application of the system to midwater

aggregations of Pacific hake arxe also presented.




5.0

INDIRECT TARGET STRENGTH ESTIMATION

The original method of Craig and Forbes (1969) statistically corrects
an echo strength to a target strength distribution using beam pattern
directivity measurements. A variation of this method uses only the
maximunm echo received from a fish as it is repetitively insonified (Midttun

and Nakken, 1971). Both methods explicitly assume the fish are

not be true.

Methods of Simulation

i
distributed uniformly within the sampled volume. In practice, this will -
Echo strength data used in the simulation analysis were produced by
assuming a normal fish length distribution,.randoml} selecting lenéﬁhs,‘
converting the length distribution to a target strength distribution on the
basis of a target strength to length relationship, and finally, applying a
random beam pattern effect.

Two length distributions were generated. The first had 2 mean of i
40. co Qnd a stapdard deviation of 5 am. The second, a. bimodal distribution, |
wags the sum of two normal distributions with means of 20 and 40 cm and
sﬁandard deviations of 5 cm. Each randomly selected length was converted to
target strength (T) using an equation developed by Goddard and Welsby
(1973):

T = 25.8 log L - 5.8 log A — 35.1db (1)

where ‘A ié the wave length and L is fish length, both in metres.

A measured and a theroetical transducer directivity pattern were used

" in the simulation. The theoretical pattern was used to remove the effect

of directivity pattern measurement errors. The measured pattern was from
a 38 kHz spherical transducer mounted in a parabolic reflector (Fig. l}. The‘
theoretical pattern was constructed using the directivity function (b(6)) for

a circular transducer:



29, [(na/x) sin 0]

b{8) = {2)
(ra/X) sin ©
where a is the transducer diameter, A is wave length, § is the angle from

the acoustic axis, and J, is the first order Bessel Function. The value

1
of a was chosen as 22.6 cm, the effective diameter of the transducer from
which the measured directivity patten was taken.

To calculate the beam pattern parameters, a circular beam and
identical transmit and reéeive directivities were assumed. The
probability of occurrence of a detected target between two levels of the
transducer directivity is related to the ratio of the area enclosed by the two
levels to the total area of the directivity function above a threshold value
(Fig. 2). _The threshold value will in practice be imposed by the back-
ground noise level in the survey area and the dynamic range of the equipment
in use,

The directivity pattern function preohabilities were used to
calculate the necessary analysis pa}ameters for the origimal Craig and
Forbes method and to produce the simulated echo strengths. To simulate -
the maximum method, it was assumed that the maximum echo from each target
resulted from its isonification on the transverse acoustic axis, The beam
pattern-parameters (probabilities) were calculated from distances (Aei}

measured along a radius of the transverse axis.

Analysis Procedure

For each length distribution, the original Craig and Forbes and the
maximum echo method were simulated, bsing both the measured directivity

function and the theoretical directivity function. 1In all cases sample

sizes for the unimodal and bimodal length distributions were 480 and 960,

respectively. Each of the gight simulations was run three times, #sing
independent randomizations of the fish length distribution and beam pattern

effect. Each of the resulting 24 sets of data were analyzed using 2, 3, and
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6 db class intervals and two methods for treating the occurrence of
negative target frequencies. In one method all negative frequencies
were set equal to zero.,  In the other, the frequency distribution was
truncated as soon as a negative frequency occurred, provided 75% of the
cumulative frequency distribution (determined from application of the
first method) had been produced before the negative value occurred. The
latter method was used as a compromise in investigating the effect of
negative frequencies. The alternative of halting analysis because of a

negative value when only a small portion of the target strength dis-

. tribution had been calculated, was impractical; particularly with the

bimodal distribution, when frequencies in the cgnter of the distribufion
are expected to be small, and any random, or beam pattern parameter
estimation, errors might be expected to cause negative values.

Data recorded with a 105 kHz echosounder from midwater hake
concéntrations in Port Susan, Puget Sound, were analyzed by the two

indirect methods.éf

The beam pattern parameters were calculated by
measuring the 3 db point on the beam pattern, calculating the effective
diameter of the transducer, and assuming an ldeal beam pattern.

Results and Discussion

Table 1 presents estimates of the mean scattering cross section for
each of the 144 sets of simulated data. As indicated above, the esti-
mates were generated using the two types of length distribution, the
two estimation mgthods, the two types of directivity fﬁnctions, the
three c¢lass interval categories, three independent randomizations, and
the twﬁ methods of treating negative frequencies. Typical simulated
target strength frequency distributions and the actual target strength

distribution, constructed by applying eguation 1, are shown in Figure 1.

1/ The data were obtained from R. Thorne, University of Washington,
Seattle, Washington, who ceollected the data in March 1974.




In all but three of the 144 sets of data, the mean scattering cross
2

section estimates were less than the actual values. which were .00244m
and .00144m2 for the unimodal and bimodal distributions respectively. The
-‘average (over the three independent runs) of the mean scattering cross
sections ranged from 57.0 to 84.3% of the true value using the original
method and fromr75.3% to 90.7% of the true value using the maximum method.

In comparing results for the original and maximum methods, it should be
noted that violation of the basic assumption becessary to the latter

method, i.e., that the maximum echo is produced as the fish crosses the
transverse acoustlic axis, may bias the results. In actual fileld trials,

‘the assumption will not be fulfilled.

A comparison of mean scattering cross sections using measured and
.theoretical beam patterms show no substantial differences, indicating that
beam pattern measurement errors did not significantly affect the operation
of the method. However, these results may not be representative of actual
field results since the beam pattern directivity functions used in the analy-
gis were also used to simulate the beam pattern effect to produce the echo.
strength distributions. In practice, the actual beam pattern directivity,
‘whioh produces the echo strength distribution, must be estimated.

Since bbth indirect methods use an iterative process, any errors due
;ither to beam pattern measurements or randomness of the fish distribution
are compounded with each calculation. The method this provides good
estimates of the frequencies in the beginning (larger) decibel categories,
but poorly describes the smaller end of the distribution (fig 3).

Halting analysis (in the manner specified above) when frequencies
becama negative improved the estimates of mean scattering cross section.
However, the dégree of improvement. was not consistent, The effect of the
use of different class interval widths (2, 3 and 6 db) was erratic, Use

of the 6 db interval with the maximum method resuited in better mean
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scattering cross section estimates. However, with the original method,
differences in results with changes in class interval widths were variable.
Detalled analysis of the effescts of negative frequencies and differences

in frequency distripution class intervals was not attempted. It is

apparent, however, that these factors must be evaluated when either of the twc
indirect methods are to be applied.

It appears that the indirect methods will usually underestimate the
mean scattering cross section, assuming the echo sounder system in use has
a sufficient dynamic range to detect the full range of target strengths
of the fish under investigation. The effect of a threshold value, whether
imposed by the dynamic range of the system or from previous knowledge of
the target strength &6f fish under observation will be to underestimate the
calculated target strength distribution for small targets (Weimer and
Ehrenberg, 1975).

Table 2 presents results from analysis of single fish targets from
Pacific hake in Port Susan, Puget Sound. Mean scattering cross. sections
obtained using the maximum echo method are larger than those obtained using
the original Craig and Forbes method. The results indicate the variability
to be expected using the indirect methods to. analyze echo strength data and

generally agree with the results of the simulation analysis.

DIRECT TARGET STRENGTH ESTIMATION

The dual beam target strength ‘analysis system (Ehrenberg, 1974) con-
verts the echo strength of individual fish echoes to target strength. The
system utilizes two transducers with their axes aligned (physically the
transducers are constructed together in one unit), transmitting on a
narrow beam transducer and 'receiving on both the narrow and a wide—beam

transducer. The following description of the operation of the dual-beam



system is largely from Ehrenberg {1974).

Single target echoes are isolated from the signal received on the
narrowbeamn chénnel on the basis of pulse width. The intensity of the
received echo from the two transducers for detected single fish can be
written as:

2

In = kl"'bn (8,4 {3}

I, = k,o b (0,4) b (8,4) (4)

Where In and Iw are the received echo intensities from the narrow and wide
beams, respectively, @ is the scattering cross sectlon of the fish target
at location (0,4¢), bn (9,¢) and bw {0,¢) are the narrow and wide beam
difectivity functions, respectively, and kl and k2 are constants. If

the wide beam directivity function is approximately unitf over the main
lobe of the narrow beam (Fig. 4), bw f9,¢) is one for detected single

.-.echoes and the ratio of the two intensities will be:

2
R i AL b (8,4) (5)
IW szbn (er¢) k2 n

From this, it follows that the scattering cross section of the fish target

at location (8,¢) will be:
I k.1 2
s L v (6)
d- t—3 -
&
klbn 9 +9) X 2I
2 n

-

Values obtained by using equation 6 can be used to estimate mean scattering
Cross s§ction and its variance.

A problem with in situ target strength estimation techniques is that,
in order to isclate single echoes, the received echo intensity, I, must
exceed a threshold level, to' i.e.

I = xa—bzte,ﬂ t, A (7)

This threshold will be imposed by the noise conditions and dynamic range

of the echo sounder system. As a result of this threshold, only fish
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with large scattering cross sections will be detected in the low

directivity portion of the narrow bea, pattern, i.e., there is

| discrimination against small targets. With dual beam approach, the
angles at which targets are recognized can be controlled by uaiﬁg
only those echoes for y»hich

b (8) >t | (8)

The threshold, t}.' reduces the bias of the estimate of E(s)}, but

also reduces the number of samples and thus increases the variance of the
estimate of E(=). The trade-off between bias and variance must be
considered in choosing the t. threshold. The effect is discus§ed further

1
in a report by Ehrenberg and Weimer (1974).

® Description of Equipmenk

The application of a 120 kHz dual beam transducer system has
recently begun at the U.S. National Marine Fisheries Service's Northwest
=.‘J _ Fisheries Center in Seattle. The dual beam system is part of a two fre-
qguency towed hydroacoustic assessment system which uses a modified 4--foot
Braincon V-;fix.x..l The £in houses the dual beam transducer and the 38 kHz
® spherical transducer with reflector referred to above. The dual beam
system is bullt &omd a Simrad EX120 echo sounder, with an additional
~ = réceiver‘ and TVG circuit for the wide beam data. The acoustic paraméters ‘

'. of the dual beam system are: _
Transducer Characteristics

Direct-
“ivity
Length Level Receiver Sensitivity Index .Efficiency

(ms) (db @1lm) Gain {dpv/ bar) (db)
- Setting

Pulse Source ™VNG Recelving

‘ Narrow beam  0.1-0.6  119.6  40logR  =~84.52 26.0 46%

) ' Wide beam - - 40iogR  -101.33. 12.3  20%



Each receiver is equipped with a calibration oscillator which provides
a known signal to the input of the recelver allowing constant monitoring
of system gain. The two receiver outputs are connected to an interface
amplifier which converts the 120 kHz signals to 5 kHz for tape recording.
Methods

Data in<€8r the form of analog signals stored on magnetic tape were
obtained using the dual beam system (transmitted pulse length = 0.4 msj
in October, 1975 from a midwater aggregation of Pacific hake off the coast

of Oregon. The hydroacoustic data were collected at night when the hake

were dispersed and could be detected as single targets within a depth range of

1/

30-110m. A midwater trawl = haul, made to confirm target identification,

caught only hake.

The recorded data from the narrow and wide beams were full wave
rectified and displayed simultaneously on a memory digital oscilloscope
{Nicolet Instrument Model 1090). Single targets were selected on the basis
of pulse width of the returning echo and the echo voltages from the two
channels were recorded. The deviation of the time Qaried gain function
for each channel from the ideal 40 log R + 2R were calculated (Fig.ﬁ)
and used to correct-the echo voltages. The echo voltages for each target,
R the basis of systep parameters, were converted to echo intensities and
the scattering cross section for the targetm using equation 6, was
‘calculated. These values were used to construct histograms and compute
the variance of the mean scattering cross section. Various levels of the tl
threshold were imposed and the effect on the scattering eross section
means and histograms was observed.

Preliminary Results

The number of single targets analyzed was only 207, In order to

£ A Herman Engel type trawl was a l4m vertical mouth opening- mesh size

(stretch measure) tapered from 56 ¢m in the forward section to 3.8 cm
in the codend.

—_ . _® _
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fully evaluate the dual beam system and its potentials, more and larger

samples must be processed.

Some results of the dual beam analysis are presented in Figure 6.
The distributions were neatly identical for tl threshold values of
-8.0 db and -6.0 db. This was due to the small réduction in number of
observations, i.e., from 207 to 502. The mean scattering cross section
estimates decrease consistently as the t1 threshold is reduced to
-4.0, and ~-3.0, -2.0 and 1.0 db. Estimatas of mean scattering cross
section plotted versus tl thresholds are presented in Figure 7. The
estimates ranged from .00260m> for t, = -0.5 db to .00425n° for t, =
-8,0 db, corresponding to target strength values of ~36.2 to -34.7 db
respectively,

Ehrenberg and Weimer (1974) have computed the normalized root
mean sgquare error zs a function of the number of fish targets processed,

the beam pattern threshold, t " and the system dynamic range. These

1’
simulated data.suggest the beam pattern threshold in the present analysis
(H = 207} 20 db dynamic raﬁge} should be about -3 db to minimize the
error. -Imposing this threshold results in a mean scattering ::cross section
estimate of ;00314m2.corresponding to a target strength of -36.0 db
Ehrenberg and Weilmer (1974) have also shown that the effect of the t,
threshold is reduced when the system dynamic range is increased.

Figure 9 shows the results of an analysis of the narrow beam data
using the original Craig and Forbes method. The mean scattering Cross |
section from this distribution was .00298m2, which agrees rather closely with
the dual beam results— however, the shapes of the target strength histograms
are not similar. Whether the close agreement in mean scattering cross section

will be consistent can only be determined by further experimentation. Results

of simulation in the praesent paper and simulation analysis by Ehrenberg (1974)
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indicate that close ;greement between the two methods is not to be
expected.

The mean target strength predicted by Goddard and Welsby (1973)
on the basis of fibh lengths (N = 62, mean, 51.4 am, standard deviation
2.4 om) in the trawl by equation (1) is -31.5 db. Goddard and Welsby
made target strength measurements from fish targets confined in
cages at the center of the acoustic cone. The mean scattering Cross
section of .0089lm2 corresponding to a target strength of -31.5 db
is 4;5 db over that estimated by the dual beam method. Several factors
may contribute to this difference:

{1) The fish observed by the dual beam system are presahted at a
larger range of aspect angles {away from the center of the beam)
decreasing the estimate of average target strength. This would also
help ;o account for the wider spread in target strength distribution
resulting from dual beam analysis. -

{2) Behavioural effects such as feeding, vertical migrations,
etc., will bhe different betwegn free swimmiﬁg and confined f£ish, thus
affecting the di cribution of observed aspect angles.

(3) Differences in the transducer temperature during calibration
of the dual beam system and those during operation may have caused some
error in the fesults. The traﬁsducers were calibrated at a temperature
of 19.7°C, while the temperature at the transdﬁﬁer when the data for |
the present study were collected was 12.2°C. The effect of temperature
on the transducer parameters is being 1n§estigated.

The dual beam results presented in this paper must be considered

preliminary. Before the system can be effectively evaluated, more and

larger samples must be analyzed. The dual beam signle target recognition

and analysis are in the process of being computerized. A large mini-

computer (PDP-11/45) is being programmed to sample the hydroacoustic

signal, detect single targets on the bases of target pulse width, and
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This computerized dual beam analysis system will be functiocnal by

January, 1976, and should facilitate more complete analysis of threshold

and sample size effects.
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Footnote
Mean Target Strength results for Hake from 120 Dual Beam System

should be increased by 3.4 dB due to incorrect calibration. .
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Table 1.

Estimates of mean scattering cross section (o) generated by the stmulation analysis,

r—

Py e e T T
Tnimodal Dist, (o'~.00244) Bimodel Dist, (o0 =,00144)
A1l negative frequencies Some frequencies not A1l negative frequencies Some frequencies not
set to zero used (see text, p.4) set to zero used (see text, p.4)
C!a?s ;nterva'( z 3 6 2 3 3 3 6 2 3 ¢
de - .
Method Beam Pattern Run
1 - .00156 . .00141 : .00158 .00221 00211 .00158 .00091 .00091 .00091 00114 .00031 .00091
. 2 .00148 ..00152 . .00166 .00192 .00169 00166 .00098 .00095 .00095 .00098 .00095 00095
- Orfginal Measured 3 .00120 .00124 00125  .00204 00139 .00140 .00094 .00106 .00106 .00110 .00106 00159
F .00141 .00139 .00150 .00206 .00173 .00155 00094 L00097  -.00057 .00107 .00097 .00115
b4 Tt{ue 57.9 57.0° 61.3 84.3 70.9 63.4 65.5 67.6 67.5 74.5 67.6 7.9
Yalue ) ’ : -
1 .00153 00162 . .0D1G5 00174 00174 .00155 00112 .00108 0105 .00115 .00108 .0010%
. z .04 .00138 .00147 .0015¢ 00144 .00147 .0o08? .0008s .00087 .00108 .00113 .00087
.Qriginal Theeretical 3 .00158 .00144 00170 .00222 .00144 .D0170 .00098 .00Dg5 .00098 .00105 .000%4 00098
- X .00151 00148 _ .00161 .00182 00154 .00161 .00098 .00D96 00097 .00109 .00105 .00097
SVT;ue 61.7 60.7 65.8 74.6 63.1 65.8 68.8 66.9 67.1 75.9 72.9 67.1
alue -
. ! 00166 00166 .00194  .00179 00176 .00200 00117 .00114 .00129 .00124 00115 00129
o 2 .00178 00175 .00207 00212 00175 .00207 .00122 .00115 .00132 - .00123 .00116 .00132
Maximum Measured -3 .00208 00210 .00244 00229 .00230 00244 .00114 .00118 .00131 .00122 .00118 0003
X .00182 00184 00215 .00207 .00194 .00217 .00118 .00116 00131 .00123 .00116 L0013,
th;ue 75.8 75.3 88.1 B4.7 75.4 . B8.9 81.7 80.3 90.7 85.4 - B0.8 90.7
alue -
-1 .00207 - ,00207  .00231 .00233 .00209 .00231 .00114 .00115 00127 00114 .00115 .poier .
2 .00183 .00181 . .00202 .00185 .00181 .00202 | = .00123 .00124 00133 00126 .00124 .00133
Maxfmum Theoretfcal 3 .00170 00171 00190  -.00174 .00171 .00190 .00114 00114 .00126 .00115 .00114 00126
' X .00187 .00186 .00208 00197 .00187 .00208 00117 .00118 00129 .00128 .g0118 00129
‘lvhl'ue 76.5 76.4 85.1 80.9 16.6 85.1 Bl.2 81,7 89.5 89.1 81.7 89.4
alue . ' .

0°§



Estimote of mean scattering cross section of Pacific hake ob-
tained using indirect methods of target strength estimation.
Data were collected in Port Susan, Puget Sound in March, 1974
using a 105kHz ~chosounder with a pulse length of 0.6 ms. Data
were tape recorded atSkHz.

Frequency distribution Estinated mean
~ Meilhod Neoth class intervals scattering
{m) {db) crossssection
m-

Original 71-75 .00039
00049
.00055
.00041
.00038
00041
00661
.00363
.00075

Maximum _ . - .00088

.00087 -
.00169
.6G0079
.06081
. 00596
.00082
. 00089
.00108
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Diagram of the cross section of a circular transducer beam. The circles
shown indicate equally spaced (in dB) isopleths of the directivity pajtern
function. The area between isopleths (Ai) is n(sinej)” - n(sin 8j~1)}°, where

8o = 0. The distance between isopleths is 8-6,_,.
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Directivity functions of a 120 kHz dual beam transducer (Ehrenberg and

3 : T

z &_ S 60 o W o 200 250

% { R TIME—ms

S
- 4
- I,'

- 1 4
o] |
-‘SJ
Figure 5. Deviation of the measured TVG function from ideal 40 log R + 2=R for the

narrow and wide beam receivers.
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Figure 8. HNormalized rms error as'a function of the beam pattern threshold, t;, and

the number of -echoes Ny greater than t,, calculations made for a normally
distributed target strength distribution with a mean of -30db and standard
deviation of 5db. t, threshold was set at -40db, assuming 20db dynamic
range in the system (Ehrenberg and Weimer, 1974).




Figure 9.

509

25

P

REL. FREC.

-4d0 - 3o ~20
TARGET STRENGTH (dB)

Results of the analysis of the narrow beam data using the original
Craig and Forbes method.

o . . O __

®




L
ey Ee——

5.1

DISCUSSION FOLLOWING THE PAPER BY MR.J.J.TRAYNOR : STUDIES ON INDIRECT AND
DIRECT METHODS OF IN-SITU FISH TARGET STRENGTH MEASUREMENT.

DR.BERKTAY: How are you introducing the threshold t, (equation 8).
MR.TRAYNOR: It is calculated from the series of equations rejecting any
value of bn (© @) below a certain level.

DR.BERKTAY: It can be done by simulation but can you de it in practice ?
MR.TRAYNCR: This was an actual experiment on a group of fish.
DR.CUSHING: Iid you have a cod end cover on the trawl because it could

have been that some of the fish were smaller in the echo scunder sample than
in the trawl sample ?

MR.TRAYNOR: Yes, we used a cover, but it is possible that there was some

difference in this respect.

MR .NAKKEN: I cannot see the difference between the two target strength

distributions in Fighre 3, that is, the distribution you get by just using one

of the beams and a correction with the Craig and Forbes method to the distri-
bution from a dual beam transducer. Is it possible to get a difference during
the simlation because there is a set of equations which give the relation

between these distributions and whichever way you go the answer should be the

same ?

MR.TRAYNOR: . The method assumes a uniform fish distribution withir the
beam, IfAyou have a pattern which places the fish randomly in the beam then
this may affect the method.

MR.FORBES: ...~ The dual beam should reduce the variance of the estimate, the

value would be the same but with reduced variancee.

MR. TRAYNOR: No, the results of the simulation work showed that the Craig

and Forbes method usually underestimates the mean scattering cross section if

the equipment has sufficient dynamic range to detect a full range of target

strengths in the population being surveyed.




