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ABSTRACT

the acoustic records were Judged by two mdependent teams We have analyzed the
degree of homogemty in allocation of echo values to various species by the different
teams.

In general the average echo value allocated to a species was rather snmnlar, but sugmﬁcant
and noticeable differences were detected. Studies of the allocation in a one-to-one and
time scale revealed greater vanatlons, but still a reasonable degree of sxmllanty in Judge-
ment by the dlfferent teams. The reason for variation in allocation of echo values to vari-
ous species among different teams are discussed.
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INTRODUCTION

During the last two decades, there has been a substanual development of the echo inte-
grator technique towards an accurate, empirical method for measuring the abundance of fish
stocks. Technically, the performance of the i mstruments has 1mproved the sensmv:ty for weak
signals, and the tendency to saturation for strong signals has been overcome by the introduc-
tion of digitized echo sounders (Bodholdt etal, 1988) By use of standard spheres, the instru-
ments can be relxably ca]rbrated (Foote et al., 1 987) so that the echo i mtegrator output can be
converted to absolute fish densities if the target strength (and length composmon) of the fish i is
known. This i is the case for many economically important clupeond gadoid and sa]momd spe-
cies. By use of split beam or dual beam transducers, the target strength of the fish may also be
measured directly during surveys

When conducting acoustic abundance estxmatmn surveys of fish stocks, the recorded
echo mtegrals (echo values) must be split on specres and size groups To make this scrutiniz-
ing process easier and more rellable, digitized, graphxcal post processing systems have been
developed (Knudsen, 1990. Foote etal. 1991.). To xdenufy the echo recordings for species
and size groups, it is necessary to conduct ﬁshmg bya gear that takes samples as represema-
tive as possible. For this purpose, it is common to use bottom or pelagic trawls. In pnncxple,
the partitioning of the echo values should be done accordmg to the catch composmon in the
trawl samples (Dalen and Nakken, 1983). Samphng musttherefore be conducted regularly dur-
ing surveys, and preferably also every time the pattern of the echo recordings (echogram)
changes.

However, the representability of the samplmg gear may be quesuonable due to dxffer-
ent catch efficiencies between different species, but also length dependent changes in catch
efficiency. (Engds and Godg, 1989). Some s spec1es, especially when schooling, may also per-
form strong avoidance reactions (Midsund and Aglen, 1992), and therefore be poorly repre-
sented in the catches. Therefore cases may often occure when it is not correct to allocate echo
values stnctly according to the catch composmon In such cases, the allocauon of the echo
values must be based on the operators knowledge and ¢ expenence of what species and size
groups the recorded echos cornespond to (Dalen and Nakken, 1983). Such a procedure clearly
introduces a subjective element into the echo integration method (MacLennan and Simmonds,
1992).

We have studied the degree of subjectmty in the _)udgmg of acoustic records by com-
parmg the homogemty in allocation of echo values by two independent teams on four surveys
in the Barents Sea in winter 1993,

Similar studies have beeen performed before. Mathiesen etal., ( 1974. ) compared the
visual mterpretauon between forur mdependent observer teams. The visual i mterpretauon into
fish, plankton and spurious SIgnals showed a large amount of vanabnhty and they conludés: “It
is evident that the vanablllty can be reduced by trammg through comparauve readmgs and
mterpretauon but this may only mean consistency which does not necessarily reﬂect accu-
racy.”

MATERIALS AND METHODS

The data analyzed are from four fish abundance surveys in the Barents sea. More
details on these surveys can be found in Korsbrekke et al.; (1993).

Durmg these surveys the acoustic echograms were Judged by two 1ndependent teams,
both teams having access to catch information from trawl stations. The experience of the team
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members varied from the beginner s‘mg‘e‘ to having conducted such work for more than twenty
years. The teams were therefore set up such that at least one (of the two members in a team)
had some expertence in the field. A standard procedure was followed (Dalen and Nakken,
1983. Foote et al. 1991)

The four surveys are:

Suvey |  Ship | St | Swp |  Area | Noofobs.

e e e e e e e e ——————
A |R/VG.O.Sars | 12.january | 29.january | Northand Central | 203 x5nm

R/V Johan Hjort | 9. january | 28.january | Eastands.east | 302x5nm
R/V Johar Hjort | 28. january | 18. febriary | Central and s.east | 289 x 5 nm

| R/V Johan Hjort | 18. february | 25. february | Central and s.west | 154 x 5 nm

‘U ol

, The echo values were stored ina database as dens1ty mdtces for 5 nautxcal miles i mter-
vals and for the different specxes In the analysns presented in this paper only data from penods
with faJrly good weather are used In addition, recordings made when the ship was towmg a
trawl were also deleted. As seen from the table above, the remaining observations represent
sailed distances of 1015, 1510 1445 and 770 nautical mtles

The analysis made can be grouped in three
, 1) Vthcoxon 2-sample test was used to test for dtﬁ'erences m the medtan echo values

bctween echo values )
" 2) Means for each team, survey and specres were calculated and vrsualtzed In addtuon

logged differences for the 4 most 1mportant species (htghest means) of each survey and log of
the total echo value were plotted on a time scale (e. g ships log). o
3) Correlations between the differences were estimated looking for possxble “causes”.

RESULTS

. The means for each team, survey and specres are given in table 1 and plotted on ﬁgure
1 There are large differences between the means for redfish in survey A, hemn g and polar cod
m survey B, hemng and capelm in survey C and cod and redﬁsh in survey D In ﬁgures 2-5 the
survey is shown. Blank penods represent trawl stations or bad weather condmons The varia-
btltty of the differences seems high when compared to the relattvely low differences between
the mean echo values. These fi gures also tndrcate that the relative dtﬁ‘erences (compared to the
total echo value) decreases with increasing echo values.

, As seenin table 1the null hypothesrs of equal medtans between the teams was rejected
at the 5% level in 10 out of 23 tests Among the htgher mean echo values we find capelin and
hemng m survey C capeltn m survey B and cod m survey D Note that the sxgmﬁcant result
from the sign rank test on the pairwise differences. 13 out ot' 23 tests gave significant results at
the 5% level. :

\ The estimated correlatron coefﬁcrents between dtfferences were ranked after absolute
value and are presented in table 2. Three of the correlations had an absolute value hi gher than
0.5. Capelin and redfish in survey A, with an estimated correlation of -0.72, capelin and polar




cod in survey B, w1th an estimated correlation of -0.67; and capelin and hemng in survey C,
with an estimated correlation of -0.96.

DISCUSSION

The data analysns pn:sented in this paper treats the data as stochastxc variables. Thxs is
a reasonable (and necessary) approach when treatmg total echo values or fractions of the total
echo value. The properties of these stochastic variables depend also on the survey design. But
m addmon one should keep in mind that the variation between teams 1s ductoa subjecuve
process 1nvolv1ng individual decisions. One should therefore take care when drawing conclu-

- sions. See also MacLennan and Szmmonds (1992).

We can more or less assume that typxcal effects in biomass esumanon are mean effects
from the allocation of echo values. That is: If the assumed length composmon is relat1vely sta-
ble,a 10 % hlgher mean echo value gives a 10% hxgher biomass estimate. Therefore similar
mean echo values are “nice” results.

_ Several mterestmg results should be pomted out. The résult for capehn in survey B 1s -
“nice”, but the tests indicate a skewed distribution of the dtﬁ'erences We can mterpret this as
follows: In most observations one team allocates shghtly htgher echo values to capelm than
the other team. On the other hand this is compensated in a few observation where the second
team allocates much higher echo values to capehn

; One other dxsunct result is the dxfferences for capehn and hemng in survey C The
values to herrmg whereas team 1 allocated more to capelm The hngher allocauon to capelin
was the most obvious, but the mean echo value for the other spec:es was hxgher as well.

A third result is the connection between capelin and polar cod in survey B. When as
mentioned before, the second team was allocatmg hlgh echo values to capelin, it seems that
the first téam was allocatmg higher echo values to polar cod.

We argue that the two most probable causes for different results are:
1) Different assumptlons on trawl efﬁclency will lead to dxfferent results.
2) Expenence may differ. Relative rapid changes m specxes composmon companed to the
densmes of trawl stations makes high demands on skill and expenence in “judging” echo-
~ grams and identifying specws from their echo traces.
Some possible factors that effected the trawl efﬂcrency durmg these surveys are:
a) Depending on bottom conditions smaller fish may escape under the ﬁshmg line of the
bottom sampling trawl (Engds and Godp, 1 989)
b) Some demersal specxes (especially cod) swxmmmg from 5 to maybe 50 meters above the
bottom, can dive down to the bottom due to the presence of the vessel and/or the fishing
gear thus effecting the catch efﬁcxency of the bottom trawl,
c) As mentioned in the introduction, some specles (especxally herring) forming schools, ,
may also perform strong avoidance reactions (Mzdsund and Aglen, 1992). Thxs effects both
the pelagic and the bottom sampling trawl.
d) The large pelagrc sampling trawl could be effected by mesh selectwn in the opening of
the trawl, giving lower catch efficiencies; depending on species and s 51ze, than expected
from fish densities and swept volume.

We choose to conclude with the followmg The method of abundance estlmanon with
echo i 1ntegrators requires skillfull operators when allocanng echo values to dlfferent spemes
The pairwise compansons of mdependent ‘judging” teams may be used to train new personell
in the method, but also experienced observers could gain higher consistency. The method
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could be funher xmproved through more knowledge on trawl eﬂic:enc:es under a range of con-
ditions and the implementation of this knowledge in the scrutinizing process.
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| Table 1

Survey

Species

s,

sy

Wilcoxon 2-Sample
test

Si gn Rank Test

z

Prob >1Zl

Sign

_ Rank

Prob > ISI

Cod

Haddock

Herrring

Capelin

Redfish |

Polarcod |

203

116

123

1.50092

~0.1334

1535

0.0426

104

9.58

1.12716

0.2597

801

02164

0.09

0.31

-0.55267

_0.5805

T2

.0.0045

1664

1743

171284

_0.0867.

30885

~ 0.0001

183

151

-1.34132

0.1798

816

0.2006

0.00

137

_-4.07386

(.0.0001_ |

0.0001 g

Cod

Haddock

Herrring

Capelin

Redfish

Polarcod | =~

302

19.8

22.1

-.786724

04314 |

0.2169

216

26.2

-1.20002

0.9668

1230

18.2

-2.68424

02545

68.3

68.2

-2.08822

0.0368

0.0476

1.14

16

-1.95451

0.0506 1.

0.4346

168

219

_-2.32228

..0.0202

..0.0001

Cod

Haddock

Herrring

~Capelin

Redfish

| Polar cod

289

460

43.5

-.589900

0.5553

_0.1531

32.1

202

0108373

0.9137 _

_g.0001

26.6

45.3

230975

0.0001

934

86.3

214544

0.0319

. 0:0001

7.25

5.37

105327

02922

0.9916

e

186 |

16.7.

.0.692296

04888 |

.0.0049,

Cod -

Haddock

Herrring

Capelin

Redfish

Polar cod

154

26.1

185

485730

.0.0001

_0.0001 -

129

145

-0.83317

09336 |

0.9796

0.16

0.29

-2.32276

0.0202

- 0.0488

0.39

0.04

5.93654

0.0001

375

~ 0.0001

13.2

19.86

4.28223

0.0001

1882

0.0001

000

10.00
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Table 2:

Survey

_ Ranked Spearman Correlation Coefficients (As)

Cod

Capelin

-0.439

Polar cod

0231

Redfish

~0.209

Herring

- 10.105

Haddock

0077

Haddock

Capelin

-0.288

Herring

0240

Redfish

0.126 |

Cod

0077

Polar cod

_ oo

Herring

Haddock

-0.240

Cod

- 0.105

Redfish

0079

Capelin

-0.039

Polar cod

-0.035

Redfish

0719

Cod

0439

Polar cod

0425

Haddock

0288

Herring

0039

Redfish

Capelin

-0.719

Cod

0209

Haddock

0126

Herring

0019 |

Polar cod

10,013

Polar cod!

Capelin

Cod

..0.231

Herring

0035

Redfish

Haddock

Cod

Herring

Haddock

-0.340

Polar cod

0.053

Redfish

0.021 |

Capelin

0.005

Haddock

Redfish

o044

Cod

0340

Herring

0225

Polar cod

0022

Capelin

0.004

He‘m‘ng

Cod

0398

Polar cod

Haddock

0225

Capelin

0054 |

Redfish

-0.001

Capelin

Polar cod

-0.673

Herring

0054

Cod

0.005

Haddock

0.004

. Redfish

'0004

Redfish

Haddock

-0.444

Cod

0.021

Polar cod

-0.009

_ Capelin

-0.004

Herring

-0.001

Polar cod

Capelin

-0.673

Herring

-0.345

Cod

0053

Haddock

Redfish

-0.009




Table 2:

_Ranked Spearriian Correlation Coefficienits (Asy)

Survey | Species
. Herring Polar cod Haddock Redfish Capelin
0198 | -0183 | om6 | 0132 | 0049
Cod - | Polarcod | Heming Capelin Redfish
Haddock - o . )
0.146 0131 | 0062 | -0054 [ -0031
: Capelin Cod Haddock Redfish Polar cod
Herring . o S :
, -0.958 -0.198 -0.062 -0.019 -0.007
Herring Haddock . Cod Redfish Polar cod
Capelin L
0959 | -0 054 | o049 -0.021 -0.015
R - Cod Polar cod Haddock Capelin Herring
Redfish : ' : o _ o
012 | oo | -003i | o0z | 0019
\ | Cod Haddock Redfish Capelin Herring
0183 | 0131 [ 009 | 0015 | -0007
k Haddock Capelin Hermring Redfish
0264 | 0103 | 0031 | o008
- Redfish Cod Herring - | Capelin
Haddock - L .
0344 -1 0264 | 0206 0.061
) Redfish Haddock - Cod Capelin
Herring : . ( S
. 0339 |  0.206 0031 | 0022
- Redfish Cod Haddock . Herring
Capelin N S -
| -013 -0.103 0061 | 0022
- | Haddock Herring Capelin Cod
Redfish o , R
' -0.344 0339 | -0136 | -0.008
Polar cod?

1. In survey A only team 2 did allocate any echo values to Polar cod. Team 1 allocatcd the
value O to polar cod. .

2. None of the teams in survey D allocated any othcr echo valué than 0 to Polar cod.




Figure 1

Mean values of echo distribution for the different species and surveys
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Figure 3

Differences between team-1 and team-2. A (typical) part of survey B.
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Figure 4

Differences between team-1 and team-2. A (typical) part of survey C.
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Figure 5

Differences between team-1 and team-2. A (typical) part of survey D.
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