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The acoustical target strengm (lb) of Lape horse mackerel umcnurus capensz.s‘) was

measured in situ at 38 kHz using a submersible split beam transducer in combination with a
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rams were pI‘lIlth for a range interval of 5-30 meters from the transducer head.
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Time of reception, compensated and uncompensated TS, range and alongship and

at an IBM- COIIldeDlG CDIﬂpUIGl' DlIlglC fish ldl'gB[S were iracked USlIlg C.SPGCIdle U.CVCIOPEU.

software and selected for analysis. The measurements suggest a lower TS than presently

applied, but the literature is inconclusive on the matter, and the resnlts should therefore be
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surveys or a combination of hvdroacoustic and bottom traw] surveys therefore seems to be the
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acoustical backscattering properties of the fish, specifically the dorsal aspect target strength
(TS). Assuming that the target strength increases proportionally to body length, the target
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where X and y are linear regression coeificients. If the average acoustic backscattering

crossection, &, of the ensonified population is known, recorded area backscattering
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Split beam echosounder systems, like the SIMRAD EK 500/ 38 kHz used in this

investiogtinn, combine the sionals from four onadrants of the franeducer (with individual
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ormung four half beams (Foote et al., 1986). In order to calculate mean average
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backscattering crossection, the observations must be converted from the logarithmic domai
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(Love, 1977), giving (4):

TS =20 1lacT L h.. (dR) (AN

TS =201lpg L+ by (dB) (4
The function presently applied for horse mackerel in Namibia is the one derived by Foote
(1987) (see also Foote et al., 1986) for clupeoids (5)

TS =20logL-71.9 (dB) &)

Annlvino this TS to leneth relat or horge mackerel relies on the hagic assumntion that the
Applving thig 1> o length relation for horse macxere! relieg on the basgic assumphion that the
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Horse mackerel and clupeoids have however fundamentali anatomical differences, as the
former is physoclistous (enclosed swimbladder) and the latter physostomous (open
fish (Blaxier and Baity, 1990), and swimbladder volume and shape significanily iniluence the

acoustical target strength of the fish (Olsen and Ahlquist, 1996). Unlike physostomous

secretion and resorbtion. Thus, if horse mackerel compensates for swimbladder compression

with increasing pressure (depth), it should be expected to have generally higher and less

denth-denendent taroet strencth than nhveastnmes hnt the extent to which, if at all harse
depin-dependent fargel strength tnan physostomes, put the extent {o which, 1T al all, horse
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Being an extremely fast swimmer, maintenance of neutral buoyancy may not aiways be

necessary in terms of swimming. Negative buoyancy is probably advantageous during vertical
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advaniage from negaiive buoyan
predatory species such as hake
Rarange, 1998).
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According to Foote (1987}, bzg=-07.5 1n equaiion (5) for physoclists, bui with a considerabie
legree of variation from species to species (3 dB). Although the target strength of Cape horse
mackerel hags been investigated from both survev data (Raranoe and Hamnton. 1004- Raranos

estig survey data (Barange and Hampton, 1994; Barange
et al., 1996; Svellingen and Ona, 1999; Lillo et al., 1996), volumetiic considerations of the
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swimbladder (Torres et al., 1984) and by means of the comparison method (Misund et al.,

1997), data are scarce and relatively few attempts have been made to establish an independent

target strength-length relation for the species. The published equations are highly
inconsisient, and considerable controversy 1s therefore associated with horse mackerel target
strength

ATERTAT.S AND METHQODS
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The Norwegian research vessel R/V “Dr. Fridtjof Nansen” was used in the investigation,
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which took place at the Namibian continental shelf, at 17°45” S and 11°39" E, in Ociober

The investigation was triggered as loose aggregations of horse mackerel were observed at 85

to 120 m depth (bottom) with the hull mounted 38 kHz split-beamn/ EK 500 scientific
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consisted of horse mackerel. Two seis of TS- measurements were carried out at the

population on 16 October, from 16h00 to 20h00 (UTC) and from 23h00 to 01h45,

Acousticai sampiing

A submersible 38 kHz split-beam transducer was used in combination with a SIMRAD EK
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lowered to the top of the fish aggregations at about 85 meters, or approximately 35 meters
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above bottom. All data from the EK 500 were collected from the paraliel port and stored in
ASCII files at an IBM compatible computer for further analysis. Echograms were printed for
f 5-50 meter:
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The ship was drfting along with the transducer during the measurements, but the vessel

drifted faster than the transducer due to the relatively strong wind. The side-thrusts of the

vaccal wara annliad in arder tn kean the trancdiicser wira and thne tha tranemiceinn anala ne
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vertical as possible. The noise from the side-thrusis may have influenced ihe behaviour of the

fish, as horse mackerel is believed to be sensitive to noise during trawl operations (Barange

Split-beam transducer technology offers information about alongship and athwardship offset
angle. This enables compensation for loss of echoenergy according to the spatial distribution
ing. The technique has the obvious adv:

1y31s ottenng a h 1gh degree of certainty that the measurements
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Furthermore, information about ping to ping variation for individual fish and inter-fish

variation is made available. Strict criteria for acceptance of the echotraces were applied (table

M. usine recentlv developed softwa {(Ona and Hansen. 1991). Tn order to oain eoual
2), using recently developed software (Una and Hansen, 1991). In order to gam equal
contribution from individual fish. onlv one target value was selected from each trace
CONtTIoution ITOMI iNaivigual 1isn, ol ic target ngt h value was selected from each trace.

o -

The maximum value was selected in order to exclude values obtained from fish when diving

or ascending. Average TS was computed in the geometric domain by converting averag

Lldeb

calcuiated for mean total length in the trawl samples.

purpose. In order fo abtain a representative sample of the popl_la_i-n, the trawl hauls were
launched in the same area as the measurements had been carried out. In order to achieve this,

the ship steamed about one nautical mile (nm) in the drifting- direction and made a 180° turn
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he drifting direcuiion through the
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sampie area. Haunls were terminated as the SCANMAR stretch sensors indicated that a

sufficiently big catch had been collected in the codend.

Two trawl hauls were executed, the first one (station 1) October 16 at 20:30 and the second

(station 2) October 17 at 02:15, thus corresponding to TS measurement sessions 1 and 2,

regpectively. There was a certain bycatch of jellyfish in station I, but both traw! samples were
dominated by horse mackerel (table 3). Jellyfish caught in the firsi sampie were presumably
caught during shooting and hauling, as the jellyfish were generally most abundant close to the
surface. If the jellyfish are disregarded, horse mackerel constituted more than 90 % of the
catch in numbers and weight in both catches. With the exception of the jellyfish, the majority

of the other species in the catches were typical botiom dwelling species, thus unlikely to have

\ i
been prevalent in the depth- range of the measurements (5-30 meters above bottom). Total

The parts of the recorded material appearing to contain single echo targets only were
extracted from ihe mate r further analysis by scrutinising the echograms visually. From
the remaining material, 10376 pings in 1004 and 594 individual tracks were accepted

in series 2 (Ilgl.ll'CS Z and J) Both disiributions were DlIl‘lOCla.I with one pealc rangmo from
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to -46 dB constituting the majority of the observations (87 % and 95 %, respectively), an

maore elngive neask raneine from -46 dB and unwards
more elugive peak ranging from -46 dB and upwards,
Minimum TS threshoid was set to -55 dB (table 1), and it is evident from the distributions in
figures 2 and 3 that the lower part of the distributions may have been lost. Clearly, minimum
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should have been set considerably lower (at about -65 dB) in order to ensure

to eliminate threshold- induced bias, as
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Some of the highest recorded TS values are too high to originate from horse mackerel of the
length groups in the trawl samples. It is hard to determine a value to be applied as maximum

dLLCp[dUlC target srrengI (T II[m),, and since even JUS[ a few values on this par[ of the

logarithmic scale may significantly affect mean o, the applied TS.. will be of great
importance for the resulting TS- length relation. Since most of the values sort under the main-

~

mode, ihis part of the disiribution probably covers the majority of the horse mackerei. TS-
data may however often be bi- or polymodal (Williamson and Traynor, 1984), and strict

ange of accentance, TS, was selected at -300 4B

the sampie (Z3 cm) and the highest suggested TS function in the literature (byp = 66.5, table

4). The results were by, = 75.0 and by = 76.2 for measurements series 1 and 2, respectively. In

individual targets such as hake or sharks caught in the sample, were recorded in series 1.
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iiteraiure, and the findings from the present study is therefore not supported by any of these.

Lillo et al. (1996} and Barange et al. (1996) extracted their TS measurements from survey

problems, the target strength meas

R Y -4

Taos ing hishly suscen 'I ¥.
veLily 1115111} DUDDUPII

e~

echoes in the EK 500 (Foote, 1987; Barange et al., 1996; Souie et al., 1995, 1997) and the
m

representativety of trawl samples. Torres et al. ( 1984) derived their TS- data fro
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ehaviour may have on measured target sitrength (Foote, 1987), in sifu techniques are
generally preferable whenever possible (MacLennan and Simmonds, 1992; Foote, 1987).

ethod {(Macl ennan and Q:mmnndq 1992 Misur
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the school volume. Using the comparison method, the _es.l_lting TS- length relation is only
valid whila tha 1Q 1 arhanling whirh tande tn ha glioghtly hichar than whilet ghaaling
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(Foote, 1987), due to the fish swimming in a more synchronised and polarised manner

(Pitcher, 1983) and thus tilt angle distributions being more uniform (Blaxter and Batty, 1990).

| SEREETYY M -
.0, WIIICIH1 lb 111 GBLUCJ.ILGHL YYILLL

Nl
N2
Ch

rd

A mliaAdad ot la

+ — £
J LULIGIUUCAL Llal Uz — UL

,
Y
i’
i
|
1]
»
!
|
3y

-3
I
D

(1984) and with the generai reiation for physociist (Foote, 1987), within the frames of species

to species variation. It is however in disagreement with Lillo et al. (1996), the general relation

their study might also be expected to be slightly higher than in the present study, due to the
timirally hiohar TQ fAar fich arhaalinsg ~carmnarad tn urdhan Aiornaeoad amA ~am tlrao e
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considered to be in general agreement with the present study, within the frames o

experimental uncertainty.
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shoals into singie fish targets by reducing the puise volume compared to the hull mounted.

transducer. This ensures a high signal to noise ratio and reduces the probability of multiple
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modify the natural behaviour of the fish. However, avoidance from a submersible transducer



estimating a higher average TS than the based on in situ direct measurements (table 5)
In a survey situation, traces of individual fish can not be obtained due to the high passage
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speed, and a representative distribution o measurements is hard to obtain {Barange et ai.,

1996). The resolution of echosounders is inversely related to the range. and increased range

may thus cause multiple targets to be detected as individual ones, potentially introducing a
positive bias t¢ the measurements (Barange et al., 1996). Close to the surface, bias is
associated with negative swimming angies due to the fish diving. One explanation to the great
gap between by~ constants obtained form survey data and the ones from direct measurements
may thus be that the former tend to cverestimate the target strength due to bias caused

). factors are also known to significantly affect fish target strength (Ona,
-y Ty P o Pmety o ~ P PR e
19903, The relationship between target strength and total fish length has, to the author’s best

knowiedge, not been elucidated for horse mackerel. Clearly, further investigations are

required to unravel horse mackerel target strength is needed, with a critical review of the

methods applied, specially emphasising on aveidance behaviour and depth dependence
COYNTOT TTQTONCQ
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The presenied material suggesis a considerably lower target strength (by = 73) than what is
presently applied in Namibia (by = 71.9) and what has been suggested for horse mackerel in
literature (b, = 66.8 through 73.4). A new method has been applied, and the measurements
may be neganvely biased due to avoidance of the vessel due to the use of side-thrusts. The
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cages may be of good help in this work. It should be emphasised that the conditions under



and vertical avoidance as well as depth dependent target strength may bias the data. Ideally

d
therefore, a TS- function relevant for an undisturbed situation should be applied, given that
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1 coefficients and sysiemn parameters for the

Transducer type ES38D

Transimission {requency 38 kiz

Transmission effect (terminals) 2000 W

Estimated speed of sound 1505 m-s™

Absorption coefficient 10 dB-km”

Pulse duration 1.0 ms -
Band width 3.8 kHz

Angle sensitivity -21.9dB

Vertical resolution 10 cm

Equivalent transmission angle -21.0dB

TS Gain (transducer) 243 dR

Min TS threshold {transducer) -55dB

3 dB beam width 6.7°/6.7°
Alongship offset -0.02° -
athwardship offset 0.12°

Table 2 Criteria for acceptance of echotraces

Max B 5°

Min range (from transducer to fish) 5m

Max range {{rom transducer to fish) 30 m -
Min distance from fish to bottom Sm

Min number of pings pr. trace 4

Max number of missing echoes in one track 1 -
Max distance beiween consecutive pings in a track i0cm

-
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Station 1 Station 2
Canning swomes 1rer - Trer -
JPDUIUD iciiliv- I 1 nE i1
Aequora aequora 211.51 128
Argyrosomus hololepidotus 29.00 11
A tenrfnarinam asmirdan A4 £0Q mn A 0O 2
LR O LU IV G WAL L LET 4w LY ray et
Caliorhinchus capensis 3.42 i
Chelidonichtys capensis 4.91 24 3.38 23
D. coneata 0.70 35
Fa I P AT o n <N 2
Jdivlelily s 1elive o .U -
Lepidopus caudatus 0.19 5
Loligo reynaudi 0.17 1
T n1;nn 'll'l'l]ﬂﬂ?';(‘ 1 Aq ')q
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Maja spp. 3.56 400
Merluccius capensis 4.10 29 2.90 35
Pterothrissus belloci 132 17 6.87 140
Pora alla 24 NN 1
I Ja 1a [NV LV i
Raja miraietus 0.92 i
Raja straeleni 1.79 1
Cymaorane microlenic 0.23 46
\J-" llu&AUFU ALMULUAUELU e
et LT nnag 11
Podaropsis CLICLHAC u.JJ 11
Trachurus capensis 862.95 19177 571.60 14073
Total catch 11314 19398.0 627.6 148R86.0
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Table 4 Overview of published values of the by- constant relevant for horse mackerel.
by Method Species Reference
73.4 Comparison method T. trachurus Misund et al. (1997)
71.%9  Various in situ methods Ciupeoids Foote (1987)
68.9  Insitu survey data T. symmetricus murphyi Lillo et al. (1996)
67.5  Varions in sitn methods Physoclists Foote (1987)
66.8  Insitu survey data T. capensis Barange et al. (1996)
66. In situ survey data T. capensis Svellingen and Ona, 1999
66.7 * Swimbladder volume T. symmetricus murphyt Torres et al, {1984)
65.2  Insitu survey data T. capensis Svellingen and Ona, 1999

Comymxoon from average TS and for two groups of fish averaging at 38.7 and 31.4 cm total
length.

Table 5§ Mean target strength (TS), s1gma (), mean total fish length (LT) and resulting b
constants calculated for ail f ata set where maximum accepted target strength

TS, . = 39.9 dB fo

3
~3

Parameter Series 1 (16.10) Series 2 (17.10)
Mean G, all values 0.00023 0.00010
Mean T8, all values -47.38 -50.87
Mean LT, all values 17.15 18.03
bag, all values -72.07 -75.5%
Max LT, sampie 240 24.0
Max TS, theoretical -39.90 -39.90
Max o, theoretical 0.00129 0.00129
Mean ¢, TS<39.9 dB 0.00012 0.00010
Mean TS, TS<399 dR -50.20 -51.12
bap, TS<39.2dB -75.0 -76.2

f—
Lh



|
"

.

rlllln-lllllllllll

r||-lllllllll-lllnlll;

T —

S

m
i -
& o

mm i

= Siation 1 (n=251)
11 5

.

T S N [N TN NN N N [T NN N |

_ _
_ .
o2 _..J AU ..3 0 .3 nu
(o] «~ ot ™

(%) Azusnbaag

11 12 13 14 15 16 17 18 19 20 21 22 23

10

o
—



