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APPENDIX I 

Power Transfonnations 

This section is taken from MacLennan and MacKenzie (1988) and MacLennan and Simmonds (1991) 
Consider the data set Fi consisting of N independent observations of the fish density (i = I, 2 ... N). The Fi are 
all greater than zero and N is 2 or more. We suppose that the Fi are random samples with some probability 
distribution which is unlikely to be nonnal. It is convenient to work with nonnally distributed data, and this 
might be achieved by a transfonnation. In the case of the power transfonn, a new data set Yi is obtained from 
the equations:-

Iv y. = F. fior A > 0 
j j 

(98) 

= In(F) for A = 0 

We suppose that for some value of the parameter A, the Yi are nonnally distributed. The sample mean III and 
the residual sum of squares S are:-

m = LY;lN 
j (99) 

S = L (Yi -m)2 
j 

F is an estimate of the true mean density, and V is the variance of F. The estimation fonnulae described below 
are applicable to a few discrete values of A (MacLennan and MacKenzie, 1988). .. 

Square-root nonnal ( A = 1/2 ) 
(lOO) 

(101) 

CUbe-root nonnal ( A = 1/3 ) 
(102) 

(103) 
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Fourth-root nonnal ( 'A, = 1/4 ) 
(104) 

ft = m 4 +6m 2S/N + 3(N -1 )(S/N)2/(N + 1) 

(105) 

Sixth-root nonnal ( 'A, = 1/6 ) 

ft = m6+ 15m4S + 45S2m2(N-1) + 15S\N-1)2 (106) 

N (N+l)N2 (N+1)(N+3)N3 

v = ft2_m 12 6ml0S(5_~}45m8S2(7_30+ 33J 
N-1 C N (N2 -1) l N N2 

60m
6
S

3 [11 92 294 420 231J 
(N2_1)(N+3)(N+5) -N"+ N2 - N 3 + N 4 (107) 

270m
2
S

5 
(5 55 230 490 525 231 J 

- (N2_1)(N+3)(N+5)(N+7) -N"+ N2 - N 3 + N 4 - N5 

45S
6 (5 30 165 460 735 450 231 J 

(N2-1)(N+3)(N+5)(N+7)(N+9)l-N"+ N2 - N 3 + N 4 - N 5 + N 6 

Log nonnal ( 'A, = 0 ) 
(108) 

ft = e mGn(O.5S/(N-l» 

(109) 
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The function Gn is computed from the following algorithm:-
(110) 

Gn(u) = l+(N-l)u/N 

(111) 

(112) 

(113) 

x -,;x(N-1)2u/(Nj(N+2j-3)); j -,;j+1 

The last two lines are repeated until x is very close to zero. 

The Box-Cox test 

The estimation formulae are unbiased only if the transformed variable has a normal distribution. The formulae 
then represent minimum variance unbiased estimators (MVUEs). It is therefore necessary to determine the value 
of A most appropriate to a given data set. This can be done using a test devised by Box and Cox (1964). 
Equation 98 is not continuous at A = 0, and to overcome this difficulty the test is applied to another data set 
Zi' defined as:-

"-Z· = (F. -1)jA fiar A> 0 
I I 

(114) 

= In(F) for A = 0 

The Box-Cox function is:-

L(1-) - -(N/2)ln~ (Z;-Z ) J (115) 

The maximum of A, at Am say, indicates the value of A for which the transformed data are most nearly matched 
to the normal distribution. A 95% confidence interval on Am' Al to "-2 say, is obtained as the solution of:-

(116) 

Zero Values 

If the species of interest is absent from part of the surveyed area, some of the observed densities will be zero 
(empty water) while the others are stochastic samples taken within the regions where fish are found. The density 
is non-stationary but the mean and variance can be estimated by the method of Aitchison (1955) which treats 
the zero and non-zero data separately. Consider the probability distribution. 

PI (F) = p for F = 0 (117) 

= (l-p)P(F) for F > 0 
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P is the finite probability that an observation will be exactly F = O. Assume that P(F) is such that under the 
transformation F(,,-) ~ Z, the Z are approximately normally distributed. Let:-

F = E(F I F>O) (118) 

V = Var(F I F>O) 

Thus F and \I are determined by the non-zero values only. For a sample of size M containing N values greater 
than zero, Pennington (1983) gives the following formulas for F, the estimate of the mean, and \I, the estimated 
variance of the mean:-

(119) 

(120) 

The estimate of p is N/M. The most appropriate estimators (according to the Box-Cox test) are first used to 
obtain F and \I from calculations with the non-zero data. Then above equations provide the equivalent statistics 
for the whole sample, taking account of the regions with and without fish. 
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Method of parallelograms - randomized transects based on 
proportional allocation to area for each parallelogram 
(redrawn from Shotton and Dowd, 1975). 
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Figure 4 

4'W 

[ I 
j I 

/ 

~~ / 
71 

/ I 
Q 

I I 

lL 
I I • \ 

~~y.L 
I 

N I .. lb 
.C1 

~ r··~ 
L 

6· "'- I 

~ ~ ) I 
/ 

C r "'" 
~ 

I 
I.-. --~. 

) ... 

~berdeen } 

Survey track for summer 1989 acoustic survey of North Sea herring (redrawn from 
Kirkegaard et al., 1990). 
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Anchovy distribution and cruise track from 1984 acoustic survey off the coast of South Africa 
(redrawn from Jolly and Hampton, 1990). 



Figure 5 

Figure 6 

E 

Anchovy distribution in November 1985 from Phase 1 acoustic survey. Only Phase 1 
transects shown (redrawn from Jolly and Hampton, 1990). 
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Track designs - a) systematic zigzag, b) systematic parallel, c) random parallel, and 
d) haphazard. 
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Figure 7 

Figure 8 

--_ .. 
I 

The outline survey. Fish concentrations (dark patches) detected by the initial scouting grid 
(solid line) are later surveyed more intensively (dotted lines), but some concentrations may 
not be detected at all (redrawn from MacLennan and Simmonds, 1991). 
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Adaptive survey, variable transect length. The squares (light line) are the analysis area 
elements. The grey scale is the fish density. The dark line is the cruise track. On each 
offshore run, the transect ends when the fish density is consistently low and the edge of a 
square is reached (redrawn from MacLennan and Simmonds, 1991). 



Figure 9 

Figure 10 

I 
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Adaptive survey, variable transect spacing. The squares (light lines) are the analysis area 
elements. The grey scale is the fish density. The dark line is the cruise track. When high 
densities are observed, the transect spacing is reduced and vice versa (redrawn from 
MacLennan and Simmonds, 1991). 

2 1 

Randomised adaptive survey. The grey scale is the fish density. The l~ght lines are the 
zone boundaries. The dark line is the cruise track. When high densities are observed, an 
extra transect is randomly positioned in each zone. The transects are numbered in the 
order run (redrawn from MacLennan and Simmonds, 1991). 
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Figure 11 From ECHOVEN 2, 1986 Venezuela: a) global densities; b) positions of trawl hauls * with 0 without sardine; c) "optimistic extent of 
sardine"; and d) "pessimistic" extent of sardine. 



Figure 12 

Figure 13 

Submersible 

Absolute density by Relative density Trawl efficiency Absolute density 

underwater techniques 

(%) by catch (%) (%) by catch (%) 

Cod 14.4 36.7 39.5 53.8 

Long rough dab 12.3 25.8 28.6 38.5 

shrimp 15.9 41.8 44.4 60.7 

Calibration of a bottom trawl with the help of a submersible (redrawn from Zaferman and 
Serebrov, 1988). 
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Mean spectra and standard deviation for two species: a) trout, and b) sea perch, using low frequency transducer, 50-144 kHz (upper 
graph) and high frequency transducer, 140-430 kHz (lower graph) (redrawn from Lebourges, 1990). 
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a) discrimination of schools of herring (hareng), sardine and horse mackerel (chinchard) 
(redrawn from Souid, 1989); b) discrimination (wide-band) of trout (t) and sea perch (b) 
(redrawn from Lebourges, 1990). 
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Figure 18 Autocorrelation scatter diagrams x with x+ 1 and correlation coefficients within strata for: 
a) all strata; b) strata 0; c) strata 1; d) strata 2; and e) strata 3. 
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Figure 22 
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General aspects of variograms: a) bounded, and b) unbounded (redrawn from Armstrong, 
1990). 
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Some types of variograms: a) parabolic; b) linear; c) discontinuity at the' origin (nugget 
effect); and d) no spatial structure (entirely explained by the nugget effect) (redrawn from 
Armstrong, 1990). . 
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Figure 25 
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Horizontal location through school cross section (m) 

Density profile inside an unperturbed school in Gulf of Cariaco, Venezuela (redrawn from 
Gerlotto and Freon, 1988). 
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Estimated correction factor of echo abundance of schools of herring verses school depth 
extension at different fish length (L = 10, 20 and 40 cm) and different fish density (k3 = 2 
and 4) (redrawn from Olsen, 1987). 
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Figure 27 
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Total mean attenuation from bubbles verses wind velocity at 12, 38 and 120 kHz based on 
reverberation and bottom integration data (redrawn from Dalen and Lovik, 1981). 
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Normalized directivity integral plotted as a function of separation angle ofbeams. Curves 
are shown for beamwidths of 5, 10, 20 and 40 degrees (redrawn from Stanton, 1982). 
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Average directivity pattern of five herring (20-23 cm) at 120 kHz from Olsen (1979). 

Stratified systematic survey grid for shelf and deep water areas of South China Sea using 
transect ends on administrative boundaries and omitting transect, ends on strata 
boundaries. 
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Survey grid for herring showing stratified random design (redrawn from Kirkegaard et al., 
1989). 




