NOT TQ BE CITED WITHOUT PRIOR
REFERENCE TO THE AUTHOR(S)

International Commission for the Northwest Atlantic Fiéheries

Serjal No. 5453 ICNAF Res. Doc. 79/VI/91

ANNUAL MEETIKRG - JUNE 1379

Results of Applicatfon of Robust Algorithms for Estimation of Abundance Indices
from the Trawl Survey Data (After the Example of Georges Bank Silver Hake)

by
P. 5. Gasjukov

Atlantic Reseﬁrch Institute of Marine Fisheries and Oceanography (AtlantNIRO)
Kaliningrad, USSR

Abstract

‘Inatability of abundance indices resulting from anomslies
.available in measuring methods (after the exemple of Georges
Bank silver hake) can be reduced by using robust algorithms for
the‘eétimation 0f the mean. The efficiency of algorithms is
illusfrated by a model. The Georges Bank hake abundance indices.
caléulated both by a standard method and using robust algorithms
are given. Their comparison has exhibited a certain lack of

correspondence in time.

Introduction

Trawl surveys are one of the widespread methods of fish
stock aaaessment. The applicstion of this method is aimed at
determingtion of summed sbundance and biomsss by means of direct

observations.

The method is based on estimation of the mean cateh size
per hauling, the accuracy of which estimate is a significant
factor in stock ampessment. In trawl surveys conducted in the
ICNAF Convention Aree such estimate is derived using the strat-
ified-selective analysis (Codwran, 1976). The area under study is
subdivided into subareas~strata — from which simple random ssmples
are taken by trewl in randomly selected points. Resulting data
for each species in the catch ere summed sbundance, total weight
and length'frequenqy. .
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In conducting a survey it 1s assumed thet the positions of A
strats and the number of observations by stratum are determined
in advence. The nethod allows for estimating the accuracy of the
- observgtion results by means of csloulation of confidence interv—~
als for the sbundance index, that is, the mean ostch per haul

by area.

Some approaches have been attempted to estimate the actual
scoursocy of the methed relative to different fish species (Gross-
lein, 19713 Gasjukov a. Dorovskilkh, 1978). It has been found that

the socuracy of the abundance index is relstively low, namely,

of the order of 40-50%. Neturally, the question arises on the
possibility of incressing the precimion of the method. Por this
purpose a few spproaches are outlined by Pennington and Grosslein
(1978). Below, the poseibllity of increassing the accuracy of the

method
method by means of some modification of processing is considered.

features of the sbundance ax
Statistical scharascteristics of the abundance index = the

neah cateh slze per haul given in numbers and by weight by strat-
um - are derived from the following formulaes

h
in=—;; Xt )
5o, i%— @
2 _ 1. 42 : '
£ea % (3)

where 'ih is the meen catch size from gtratum h, Bﬁ is the catoh
sise varisnoe per haul by stratum, SE are the valuee of cabch
sise veriance per haul by stratum, L; is the ocatch size 1n 1
haul in stratum h. ‘

To process the observation data collected in a number of
strata, the following formilae of selected stratified analysis
are applied:
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Xt = _NZ Ny + Xy *

S%xst) = P‘]— ; M_ (5)

where % is the sbundance index for a number of strata, Sa—

st (xst)
is the variance of abundance index for a number of strata, N is
the total square of the area, Nh is the square of the stratum h,
K is the stratum number.

A stratified analysis is an effective method for reduction
of variance. The mean cabtch per haul by strabum, however, is
estimeted by a classical method using the arithmetical mean. As
is evident from s number of investigation,the latter is extremely
sensitive to any departure from the assumptions that are taken
a8 a principle of its spplication. The arithmetlical mean, in
particulsr, is reedily subject to large "splashed' characteristic

of regl phenomena.

Let us consider a few examples. During the trawl survey of
stratum 13 conducted by the USA research vessel "ALBATROSS-IV"
in 1974 on Georges Bank the silver hake was caught (table 1).

The sbundance lndex for this stratum calculeted using a
routine method was 370. If one haul contgining 2 078 specimens
were omitted, then the abundance index would be 178, that is it

would reduce twice.

This was also the case in 1976, when the Soviet research
vessel made a survey of stratum 13 con Georges Bank. The silver
hake catches by hsul are glven in Table 2. On this occasion the
abundance index for 8 hauls was 372 or 144 (1) if the 8th haul
is excluded. This is a direct evidence of sensibility of a stand-

ard processing method to the catch size per haul.

E 4



Robust methods for estimates of an
average haul

All the above-mentioned cases are evidently rather a rule
‘than an exception. Therefore, in the recent years a new approach
is being intensively developed in the mathematical statistics,
which is known as the robust or stable estimation method.

The efficiency of the stable estimation method is somewhat
lower compare& with standard classical methods, and, in the
absence of anomslous dimenglons, glve the results that are in
close agreement with those ylelded by standard methods. In the
presence of discards, however, their usage makes it possible to

avoid negatlve consequences: the obtained estimates are stable.

The simplest algorithms applied for estimating the average
values and based on stable methods are given by Tukey and McLangh-
lin (1963), Andrews, Bickel, Hampel, Huber, Reogers and Tukey (1972)
and Ershov (1978).

Let us assume thet the value of p./, 1s0< £ < 0,5 and
then regulate the observation results with regard for increasing
values of ¥ & Yp & +-- € T, where y, is the i-th observation by
size and n is the total observation nunber.

On rejection of 100 *ol% values on the right and on the
left oflthe regulatied observation sequence, a standard selected

mean may be derived from the elements maintained:

()

Such an estimate of Ehe mean is called an ol—-trimmed mean.
In this case the value n2 (C (ol n) ~ C*) has an approximately
normal distribution with the zero mathematical expectation and

asymptotic vaerlance

C* 1s the sctual value
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A 2, 2
L &) = (_SZzP(Z)dZ + 2L2%0 ) (1 = 2) (7>
2oL
where P(Z) 1s the function of the distribution of the random
estimate possibilities, P(Z) is the possibilities density and
K24 ) .-.ﬁ.
The second algorithm is derived in a similar way, however,

the extreme members of observations regulated with an increase

are not rejected but projected on the nearest left point:

n-{o{n] -1
Calbym) =3 % T3 + Bal G * Taguing ) (8
i=leln]+2

For this estimate named the X ~winsorized mean the following
expression is used for asymptotic variance (Ershov, 1978):

29,

ba @ = JiPr(@)an + 24 [z, +wP(z )2 (9)

Z

However, the possibility of deducing stable estimates of
random value variance by sample is of greaber interest. Here
Tukey and McLanghlin (1963) recommended the usage of winsorized

variance.

The estimates derived from the formulae (6) and (8) are
obviously dependent on the trimming parsmeter o, the choice
of which, however, lacks certainty. As soon as the possibility
of choice is offered, the adaptive stable procedures for estimat-
ing the mean value can be suggested. Thus, Andrews, Bickel, Hampel
Huber, Rogers and Tukey (1972) recommended the choice of such a
value of the trimming parameter within the O d =<0.25 interval
that would provide the minimum asymptotic variance of the
d=~trimmed mean. The usage of the J-winsorized varience for this

purpose is recommended by Jatkal L.A. (Ershov, 1978).

Btrictly speaking, the suggested expressions should be used
for the symmetrical distribution function. If the distribution
function is asymmetric, which is typical of the distributional
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properties of the catch-per—tow, then the estimates would be
biased, although stable algorithms would maintain their principsal
characteristics (Isypkin, Poliak, 1977; Ieshalkin, Smirnov,
Sosnoveky, 1969). One way to reduce the bias would be the usage

of the "jackknife" procedure (Ershov, 19783 Kendall, Btewart,1973)
The following formulee ere applied to derive the estimates using
the "jackknife" procedure:

n

¢S = Z ¢y /n (10)

Coy = BCn(FsTgreeeTy) = (0-1)eCo1 (T4s7 05 0= s Ti=1T1415 +» -0 1)

where Cg is the mean calculated by one or another method from the
n sample. If the bias of the major estimate is of the order of
nf1, then the estimate (10) has a n~® bias.

Comparagtive analysis of different algorithms for
calculation of abundance indices using the method of

statistical modeling

Stabistical modeling was used to estimate the accurecy of
abundance indices derived by different data processing methods
including stable methods.

As in the paper by Gasjukov and Dorovekikh (1978), the neg~
ative~binominal distribution (NBD) has teen used as a nodel of
spacisl distribution of the fish. The function of the NED distr-

ibution is as follows:

T s
p, = ) (12)

r! T (k)Q 2

where I' is a gamms—function, Q=P+1, P=w/k, n is the mean distrib-
ution and E is the parameter. Unlike other functions used for
description of the regularities in spacial distribution, the
given distribution function may have biological considerations

(Pielon, 1969; laylor, 195%)2 such a distributional pattern is
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possible if the distribution of groups of individuals is random
(under Poisson law), and that of individuals within the group

submits to the logarithmic law.

Figs. 1 and 2 show histograms of the sbundance index derived
using the algorithm of the arithmetical mean and 4 —trimmed
mesn, which were obtained from modeling NBD with the parametera:

m= 100, K = 0.9, and » = 500, K = 0.9.

As is evident from the analysis of histograms, the scatter
of the abundance index derived from the d~trimmed mean method
is lesser than that produced by the standard method. The variance
of the index resulting from spplication of the first modeling
version is 785 for the normal algorithm and 588 for the J ~trimmed
one, whereas the second version produced the values 21 500 and

15 606 respectively.

Thus, the use of the 4. —trimmed mean promotes a decrease
in the sbundance index variance by 20-25%, however, the resulting
estimates are biased (approximately by 20) which can be seen

easily from histograms.

A cross-checking of the observation data for different fish
species (Taylor, 19533 Gasjukov and Dorovskikh, 1978) showed a
close agreement between these data and NBD, thus suggesting that
the results of modeling may be considered as representative ones.
However, this hypothesis did not hold for all cases. The explana-
tion for this phenomenon sppears to be based on the assumption
that in the neture there herdly exists a "pure" law of distribu-—
tion. The hypothesis of "contaminated" distribution with the
model genersting large scale "gplashes” or anomalous dimensions

seems to be more realistic.

Analytically, the model of “oontaminated" distribution may

be written as
P =(1-})P°+_BP1 (13)
T r r

where P} 15 the possibility of realization of the event, which

consists in omitting r points, Pg is the principal law distrib-
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ution which affects the studied rhenomenon, P; ig the law of
distribution of noises and anomslous dimensions, which can be

realized with low ﬁ possibility.

There are two ways of interpreting the distribution funection
(Collins, 1976). The spacial distribution may be described either
by the I-‘:, model using& possibllity or by the law of distribution
using the (1 - p) possibility. This may be illustrated by two
examples: (1) the aggregation of the fish over the spawning ground
that does not coincide with the stratum area, and {2) the forma—
tion of temporary local fish aggregations of higher density prom-
oteﬁ by the emvirommental factors. Certainly, it is hardly poss-
ible to distinguish between the above cases from the cobgervation
data, but an indirect evidence in favour of this hypothesis is

given below.

Resullis of processing the observation date
on Georges Bank silver hake, 1971~1976

The results of processing of the observation data on Georges
Bank silver hake by stratum (no less than 6 tows witbhin each
stratum} using different algorithms for caloculating the abundance
index are given in Tables 3 and 4, The data were obtalned over
the 1971 to 1976 period by the USA ressarch vessel "ALBATROSS-IV"

and Soviet research vesaels.

Conditionally, these results can be subdivided into three
classes. The first class contains a group of observations that
has not exhibited any significant difference as a result of
calculation of the mean by various methods. These are, for
examﬁle, the observations made in stratum 13 (Soviet research
vessel) in 1972; in stratum 13 in 1971, and in stratum 13
{"ALBATROS3-IV")} in 1971.

The second class combines the cbservations that have exhib-
1ted different mean valuee as a result of treatment by a standard
method and other methoda., Theme values, however, ars rather

uniform. Thls can be examplified by the observations made in
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stratum 20 in 1974, in stratum 24 in 1973, in stratam 16
{(Soviet research vessel), in stratum 16 in 1971, in stratum 20

in 1972, and in stratum 19 ("ALBATROSS-IV“) in 1976.

The third claes combines the observetions that have exhib-
ited a marked difference as a result of calculation of the mean
by a standard method and other methods. These are in particular
the observations made in etratum 13 in 1974, in stratum 16 in
1973, in stratum 19 ("ALBATROSS-IV") in 1975, in stratum 21 in
1973, in stratum 19 iﬁ 1975 and in stratum 24 in 1976 (Soviet
research vessel),

The observations representing the first class ssem to be
rather uniform without obvions ancmalies, whereas those of the
second class exhiblt anomalous varlations that can be allowed
for by stable assessment algorithms. The mean values of the thind
class observaiiona do not demonsirate any stability, and nc data

are avallable to judge on deslrability of one or another value.

It should be noted here that the second and third classes
wera not involved in modeling of e simple NBED, These classes
occurred in modeling of “contaminated" distribution, which to
a certasin degrese, supporis the hypothésis of its validity. When
processlng data at sea, it may be suggested to operatively
increase the number of hauls within a gtratum, until the
gtability of values is attained.

Table 5 shows the results of treatment of the obamervation
data on Georges Bank silver hake (for g number of strata) over
s series of years using the standard method of estimating the
abundsnce index for a stratum, and the J-winsorized mean der-
ived from the "jackknife" procedure at the optimum value of o,
vwith reaspect to minimum variance, The latter algorithm is used
only for processing the data obtalned in strata, where more
than 6 hauls were made. For other strata the common arithmetic
mean was used. The sbundance index Ffor a number of strata was
derived from the equation (4), and the variance of the mean
from the equatiom (5), whare the o-wingsorized variance means by

gtratum were used.
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The treatment results fall into twe groups. The first group
combines the data that have not exhiblted any significant diff-
erence with application of stable assessment algorithms (1971,
1972, 1973, 1976). The second group includes the observations
that have exhibited marked differences as a result of treatment
(1974, 1975). The differences are 30% and 20% respectively. The
variance means, however, should be congidered es relative ones,
since they were derived without allowance for possgible asymmetry

of the distribution function.

Summary
The variation of processing slgorithms is one of the ways to
improve the assessment accuracy when using a trawl survey method.
Such a variation was pre-conditioned by considerable "splashes",

anomalous observations that had occurred occasionally.

That the snomslous measurements result in unstable treatment
velues can best be explained by referring to an example of Georges
Bank silver hake. In order to avoid this inatability we suggest
to apply robust algorithms for the assessment of sbundance indic-
es. Among these algorithms there are ol-trimmed  and «~winsor-
ized means. A "jackknifing" procedure can be recommended for the

ssymmetric distribution to adjust the bias of the value.

The efficiency of robut algorithms used for estimating the
abundance index is demonstrated by a test model, with NED and

Y“contaminated'" NBD assumed as a model of spacial distribution.

The analysis of the modeling results indicates that the
application of the algorithms of the d&-trimmed and J[-winsorized
mesns gives a smaller error in the abundance index estimate
compared with that generated by the arithmetical mean method
provided, however, that there is a certain bias. A "Jjackknifing"
procedure considerably reduces that bias or practically eliminates
it if applied to the slgorithm of the A —winsorized mean. This
results in smaller variance of the value compared with that obt-

ained by the general method.

Ell



- 11 -

The algorithms given in this paper have been used in estim—

ating sbundance indices for Georges Bank silver hake by stratum

and a number of strata over a series of years. The comparison of

these indices with those estimated by the arithmetical mean

method has revealed a few discrepancies that can be attributed

to the influence of anocmalous measurements on the trestment res—

ults.

The use of robust algorithms for estimating the mean of

random value with an asymmetrical distribution function (Collins,

1976) may be of interest in the future studies.

1.
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Table 1. Silver hake catch in numbers for Georges Bank stratum 13,
1974 ("Albatross-IV'"),

: Haul No
Btratum &4, 5 4 5 6 7 8 9
13 167 61 4 165 2 048 B T2 69

E 13



- 13 -

Table 2. Silver hake catch in numbers from Georges Bank stratum
13, 1976 ("Belogorsk').

: Haul No
Stratum
P14 2 3 4 5 & 7 8
13 0 12 77 167 107 172 307 2 134

Takle 3, Results of treatment of observation data on silver hake using different
algorithms for estimating the mean {(from the data of trawl surveys of
Georges Bank area for 1971-1976, "Albatross-1¥'").

: : T Pl 3 ol HI A
Year JStratun] "100 [Con frimmed [winsorimai Zines, HLASOVIEK
A S S S S - 3 3

1 3 2 i 3 : 4 3 5 : 6 ] Vi H 8
71 13 9 72 52 s7 58 &9
Yal 16 10 59 49 56 57 76
71 19 7 49 38 38 38 37
71 24 6 11 10 11 1 13
72 13 9 12 10 11 12 13
72 16 10 1.3 0.5 0.7 C.7 1.1
72 19 8 1 11 11 11 11
72 24 6 4.5 4.5 4.2 3.9 2.8
73 13 7 35 31 55 36 45
73 16 12 30 15 16 16 18
75 21 6 9 61 70 76 108
(o 13 9 0.1 62,1 66.4 67.9 75.1
74 16 11 36,8 34,6 36.4 36.8 40.5
74 20 6 12.8 1.5 1.8 2.0 3.2
74 24 i 57.4  36.4  37.6 28.1 41,1
75 13 7 999.7 957.6  977.7 987.7 1 023.1
75 16 8  221.5 167.2  171.1  172.7 178.9
75 19 8  149.6 64,5  93.5  105.9 178.5
75 24 8 1492.0 1 340 1 362 1 371 1 542
76 13 8  372.5 141 146 148 164 .6
76 16 11 162.6 152.7  153.2 ° 153 146
76 19 6 0.2 13.3 16.2  18.1 27,8
76 24 B 366% 1818 2291 2 48] 1 676
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Table 4. Results of treatment of cobservation data on silver hake using different
algorithms for estimating the mean (from the data of trawl surveys of
Georges Bank area for 1971-1976, Sovilet research vessels),

: : Haul jarithm, § &0- oo P ool ! oo
Year ;Stratum: nos., . mean Ltrimm- fwinsor—trimm- ;Winsor-
. . : S oed lized I ed ized
* * * ‘mean ‘mean ‘mean mean
: H : H s swith swith
H 2 1 : : Yijackkn—:"jackkn—
H : : H H sifing" : ifing"
1 ] 2 : 3 H 4 3 5 : 6 : 7 ] 8
71 13 9 7 6 6 7 8
71 16 12 1 13 15 15 19
71 19 & 9 2 2 2 2
71 20 6 22 16 20 22 32
71 24 7 9 4 4 5 5
72 13 9 27 22 26 27 34
72 16 13 13 73 8.2 8.4 8.5
72 - 19 10 G4 5.5 5.9 6.0 6.5
72 20 6 3.3 0.5 0.5 0.5 0.5
72 24 6 55.2 57.5 56 55 50
73 13 9 6.5 6.1 6.4 6.5 7.5
73 16 11 19.2 12.7 15.3 16.0 21.1
73 19 11.7 9.1 9.8 10.0 9.8
73 20 6 12.0 2.0 2.3 2.6 3.7
74 135 9 370 173 229 246 360
74 16 12 122 7445 9% yloy| 130
74 19 365 M4 343 253 409
74 20 6 9.7 9.0 B.5 8.2 6.5
?5 15 9 9'1 809 9.0 9,0 9.[].
75 16 11 19.1 12.8 13.3 13.4 13,1
75 19 9 70.4 22.0 45.7 50.2 80.1
75 20 277 89.7 407 117.9 174.3
75 24 7 24.8 23.4 2301 2%.0 21.7
76 13 9 7.6 6.7 6.9 6.9 743
76 16 10 1M.2 6.8 8.0 8.4 M.2
76 19 9 36.3 14.6 16.4 17 .1 20.0
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Table 5. Abundance indices for Georges Bank silver hake estimated by the
method of arithmetical mean and.s\ —winsorized mean with the
"lackknlfing" procedure ("Albatross—1V" data).

3 -
: . Method of o -winsorized mesn
Year ‘Method of arithmetical mean; with "jackknifing"
. Vvarlance R . Vvarlance
H mearn fof the mean : nean *of the mean
1971 36.2 204.3% 32.9 187.2
1972 24,0 11.9 2341 7.7
1973 19.2 20.9 18.7 18.2
1974 152.8 1 972.7 107.3 197.0
1975 48.0 358.7 39.5 52.4
1976 21.6 50.3 28.9 4.7
F
m=100
) pi=715
OF
008
X = T
L7 5 Jo 100 120 %0 0 e
m= 400
4 ‘ B=535
»
oE
005
40 50 £0 we 120 w460 fdo x

Fig. 1. Histogram of abundance index from the results
of statistical modeling (negative-binomial
distribution, m = 100, k = 0.9).

" a) arithmetical mean b) % -trimmed mean.
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