P [ X
¥ @ - ars
i -@- | THUNEN
1 Digitalization sponsored
1 by Thiinen-Institut

Demersal Fish Committe
ICES C. M. 1996/G:25

International Council for the
Exploration of the Sea

Blbliothok

\» ”‘Ehmi,‘ Hambst
Diurnal variation in acoustic intensity and target strength measurements of
oceanic redfish (Sebastes mentella) in the Irminger Sea

by

P. Reynisson and b. Sigurdsson
Marine Research Institute, Iceland
P.O. Box 1390, Skualagata 4, Reykjavik

—

Abstract

Since 1991, several acoustic surveys on oceanic redfish in the Irminger Sea and adjacent
waters have been conducted by Icelandic scientists. During these surveys a diurnal cycle was
observed in the acoustic density.

In June/July 1995, a survey was conducted in order to study the diurnal variations in the echo
intensity of the oceanic redfish in the Irminger Sea. Two main areas were selected, were acoustic
and biological data were collected for several days. The shape of the target strength distribution
and the resulting mean scattering cross section of the oceanic redfish changed quite systematically
through the day, which is believed to be due to behaviour related factors. The results verify that
the diurnal variations in the echo intensity and target strength of the oceanic redfish are strongly
correlated. Areal differences were observed in the degree of mixing of oceanic redfish with a

. scattering layer of myctophids and other organisms, which may be related to the progressively

increasing hours and degree of darkness as one moves southward at these latitudes during the
summer.
A dependency of target strength on depth was observed in the uppermost 200 metres.

Introduction

Since 1991, several acoustic surveys on oceanic redfish (Sebastes mentella) in the Irminger
Sea and adjacent waters have been conducted by Icelandic scientists (Magnuisson ef al. 1992a,
1992b and 1994). In the course of these surveys it has been established that oceanic redfish is the
main scatterer in the water column from 50 down to 400 m, and it is particularly common in 100-
300 m depth during the feeding time period in June/July.

The conditions acoustic surveying of the oceanic redfish is in many ways ideal. The fish is
rather uniformly distributed over the area, the expected variance in the measured echo intensities
is relatively low and single-fish echoes are dominant, allowing more or less continuous


bookeye
Thünen


monitoring of the target strength of the fish. A typical 20logR- echogram is shown in Fig. 1.

Results on the target strength of oceanic redfish from surveys in 1991 and 1992 have been
presented by Reymsson (1992). Although the conditions are in many ways favourable for
acoustic surveying, some problems have been identified. One is directly related to the very
scattered condition of the fish. The received echo intensity is rather weak and in order to include
all echoes of interest, the setting of the integration threshold is critical (e.g. Aglen 1983,
Kalikhman and Tesler 1983, Foote 1991). For this particular case see Magnuasson et al. (1994)
and Reynisson (1996). Another potential bias the mixing with other species. During the night a
part of the scattering layer of myctophids and other organisms ascends and mixes with the redfish
to such an extent that the lower depth limit of integration must be reduced, leading to an
underestimation of the redfish. This and possibly behavioural related factors result often in
considerably lower integration values during the night as compared to daytime values. The
acoustic data from the joint Icelandic/Norwegian survey in June/July 1994 indicated a systematic
diurnal variation in the acoustic abundance, most notable for the difference between day and
night, but also observed through the daylight hours where little or no mixing with the myctophids
occurred (Magnisson ef al. 1994). A survey was initiated by the Marine Research Institute
(MRI), Iceland, in order to study in particular the diurnal variation in the echo abundance of
oceanic redfish. The preliminary analysis of the acoustic data indicated that the diurnal variations
in the echo intensity and target strength of the oceanic redfish are strongly correlated (Reynisson
et al. 1995). In this paper a more detailed analysis of the split beam data is presented and
comparison is made between the observed diurnal variation in target strength and acoustlc
intensity.

Material and methods

The survey was carried out on the Icelandic research vessel "Bjarni Semundsson" during
the time period June 26 to July 11, 1995. The acoustic instruments were as follows; an EK500
split-beam echo sounder operating at 38 kHz (Bodholt ¢ al. 1989) and a BI500 postprocessmg,
system (Foote et al. 1991). Just prior to and after the survey the acoustic equ1pment was
calibrated by the standard sphere method (Foote ¢f al. 1987). The beam compensation of the
split-beam system was checked on 3 cross sections of the beam, indicating that a bias less than
0.1 dB of the mean target strength was expected within the -6 dB limit of the two-way beam
pattern. The settings of the equipment during the survey are given in Table 1.

- Acoustic material for the study of the diurnal variations of oceanic redfish were collected
in two main areas, positioned at about 61°07'N-36°50'W and 58°59'N-41°00'W, referred to as
Area I and II respectively. The main criteria for the selection of these areas were that the acoustic
abundance should be around or above the average as observed in former surveys and that the
duration and degree of darkness at night should differ from one area to the other. In each area
acoustic data were collected for three consecutive days and nights, on 29 June to 2 July in Area I
and 3-5 July in Area II. In Area I, a selected track of 10 nm was cruised back and forth at a
speed of 10 knots on the first 24 hours. For the next 48 hours trawling was undertaken in the
nearest vicinity, although the cruise tracks were not as regular. In Area II, similar cruise tracks
were chosen. In this case, the first 48 hours were used for acoustic data collection undisturbed by
trawling. Echo integration- and split-beam data were collected from the uppermost 500 m of the

water column for postprocessing. The target strength threshold used in the collection of the split-
beam data was set at -60 dB.

A specially desxg,ned pelagic trawl (Gloria typc—Hampléjan max c1rcumference 1152 m and
stretched mesh size of 32 m) with a vertical opening of about 65 m was used for biological
sampling. After two hauls, the pelagic trawl winch broke down and the Gloria trawl had to be
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replaced by a very inefficient small pelagic trawl. Therefore, the planned standard trawling by
night and day which was intended to follow up the variations in acoustic values had to be
cancelled. . '

In the postprocessing of the acoustic back scattering volume, an integration threshold was
set at -80 dB//m* /m’. The lower depth limit of integration was always set in such a way as to
exclude the distijrbing echoes from the scattering layer. A mean area back scattering coefficient
(SA, m* / nm*) was obtained for every 1 nm sailed.

In the analysis of the split-beam data, a tracking of individual fish was undertaken. An
example of how the EK500 split-beam data may be used for target tracking has been presented
by Brede et al. (1990). This was done in order to reduce the amount of data and more important
to reduce the risk of including echoes from multiple targets in the subsequent analysis (Ehrenberg
and Torkelsson, 1996). A software developed by Ona and Hansen (1991) was used for this
purpose. In this particular software a target is tracked by defining a set of parameters : 1) the
minimum number. of single-echoes in a given track, 2) the maximum allowable depth difference
between sequential echoes in a track and 3) the maximum number of missing pings in one track.
These parameters were set in the following way: 1) 3 or 8 pings depending on sailing speed ( 10
or 3 knots), 2) 90 cm and 3) 0 ping. Echoes within a depth interval 50-300 m were included. The
total number of echoes in the spllt-béam data obtained during the survey was of the order of 1.5
millions. The number of echoes remaining after tracking was about 150 thousand and 100
thousand in Area I and I1 respectively.

In order to compare the diurnal variation of the acoustic cross section of the fish (0)* and
the integrated values (SA-values), the mean of these variables was calculated for every 1 hour of
the day. This was carried out separately for the two areas. In the case of the split-beam data, a
lower limit on depth was set at 200 m in order to keep the possibility of double echoes at an
acceptable level. The limit of the split-beam acceptance angle was set at 2.6 deg from the
acoustic axis. This corresponds approximately to the -3 dB level of the two-way beam pattern. A
lower limit on target strength was set at -52 dB in order to remove echoes from smaller
orgahism.

A study of the possnble depth dependence of the target strength was camed out by
calculating o within 25 m depth intervals.

Results

It was observed that during the night, the degree of mixing of the scattering layer with
the oceanic redfish differed between Area I and II. In Area I the scattering layer rose no higher
than to about 200 m depth. In Area II a part of the scattering layer seemed to mix thoroughly
with the redfish in the whole water column.

The shape of the TS-distribution of the oceanic redfish changed quite systematically through
the day At mid-day the distribution was clearly ummodal but became progresswely more bxmodal
mterval in Area I is shown in Fig. 2.

The mean values of Sa and & within each 1 hour mtervals of the day and other relevant
information are given in Table 2. The average ¢ within a whole day (00-24 GMT) and dunng,

daytlme (06-22 GMT), obtained from the hourly mean of o, results in a target strength of -40.0

* The target strength (TS) is defined as TS=10log(c/4r), where o is the acoustic cross section of the targct
(Urick, 1983).



dB and -39.7 dB respectively. The diurnal variations in SA and o are shown in Fig. 3 and Fig. 4.
The correlation between SA and o is quite high. Least-mean-squares linear regression of these
variables results in a correlation coefficient r=0.94 v |

A clear indication of the depth dependence of the target strength was observed in the
uppermost 200 metres. The mean acoustic cross section and standard error calculated within
every 25 m depth interval from 100-300 m is given in Table 3. Only data obtained during daylight
hours (06-22 GMT) are included. Fig. 5 shows how & from the two areas is related to depth.

In table 4., an overview on length and weight of the oceanic redfish is given. Assigning
equal weight to Area I and II, the mean length is 36.9 cm and the mean weigth is 640 g.

Discussion

As shown in Fig. 2, the shape of the TS-distribution of the redfish changed progressively
through the day. The most likely explanation for this observation is that the behavioural pattern
of the redfish is changing. No visible up- or downwards migration of the redfish could be
observed from the echograms. This does not exclude that the fish may be altering its tilt angle
progressively through the day, either because of the changing light or because of the search for
food. The latter may be connected to the diurnal up-down migration of the smaller organism. It is
known that the tilt angle distribution of fish can greatly affect the target strength distribution
observed (Nakken and Olsen, 1977). At a frequency of 38 kHz, commercial fish are highly
directive scatterers of sound, and for a wide tilt angle distribution a bimodal distribution of target
strength is quite likely. The extra peak at around -56 dB observed during the night is believed to
be due to smaller organism, ¢.g. myctophids. This part of the TS-distribution was more or less
removed by the trackmg process, most probably because of the requirement of at least three
echoes at the same depth in sequential transmissions (pings). Otherwise the resulting target
strength distributions, obtained before and after tracking, were quite similar. A further reduction
of accepted echoes, by restricting the position angles within individual tracks, was not
undertaken. It was noted that in general the tracks were moving across the beam as expected, but
due to the inevitable rolling and heaving of the ship and the time lag between pings, these did
show a certain degree of randomness.

The diurnal variations in SA and & are strongly correlated. However, at certain times of the
day, the variation in SA is not fully accounted for by the variation in o, especially during night
time, i.e. from around 10-11 at night until about 5-6 (GMT) in the morning. The most likely
explanation is the ascent of the scattering layer during the night, which influenced the setting of
the lower depth limit of i mtegratlon This is especially evident in Area II. In Area I, the mlxmg
with the scattering layer was not as pronounced At that latitude the scattering layer rose no
higher than to 200 m .depth. This difference in behaviour is most likely explained by the
progressively increasing hours and degree of darkness as one moves southward at these latitudes
during the summer. Possible changes in species composition of the scattering layer may also
account for this difference.

In the uppermost 100-200 m’ the target strength decreases with depth. Bclow 250 m, a
sudden increase is noted (Fig. 5). At depths below 275 m, the measured target strength increased

even further (not shown in Fig. 5). By letting the acceptance angle range from 1.1-4.4 degrees,
equivalent to -0.5 to -9 dB of the two-way beam pattern, a change in o was observed (Fig. 6).
Below the 2.6 deg limit used in the calculations presented, G was fairly stable. Above the 3.5 deg
limit, o increased with depth below 175 m, indicating an increase in accepted multiple echoes.



Soule et al. (1996) have shown that the split-beam system is likely to accept multiple echoes if
the number of fish in a single pulse volume approach or exceed one. A further check on the
quality of the split-beam data was carried out by estimating the number of fish within a single
pulse volume. Usmg the highest observed SA-values (values in Fig. 1 are typical) within each 50
m depth interval over 1 nm sailed, a target strength of -40 dB and a detection angle of 10 deg,
the number of fish within a single pulse volume was estimated. At 200-250 m depth this number
was less than 0.1 and even lower above 200 m. Assuming a random distribution of the fish, this
implies less than 10 % probability for multiple targets. Below 250 m this number did increase
slightly, up to 0.15 fish maximum, but the increase in the acoustic cross section was much more
severe (Table 3). This could indicate small-scale local patchmess of the fish and/or that noise is
aﬂ'ectmg, s the results at this depth. SRR

The average ¢ obtained during hours 00-24 and 06-22 GMT, results in a target strength of
-40.0 and -39.7 dB respectively. This is comparable to the results presented by Reynisson (1992),
where a target strength of -40.0 dB was obtained for oceanic redfish with mean lenght of 36.9
cm. The depth dependency of the target strength presented is also quite comparable to the results
obtained in the depth interval 100-200 m in 1991-1992.

Comparing Area I and 11, the target strength is on the average 0.5 dB higher in Area I. The
observed difference in mean fish length (1 %) hardly accounts for this. A more likely
explanation is the natural variability in target strength due to e.g. behavnour stomach fullness and
other biological factors.

It is important to quantify how the diurnal variations may affect the acoustic estimates of
the biomass of oceanic redfish and how a survey may be planned in order to minimize the effect
of these variations. Using data from the last main column in Table 2 (Mean of Area I & 1), the
hourly mean of the observed fish density (p=SA/c) was estimated, using a time variable ¢ as
opposed to ¢ averaged over 00-24 and 06-22 hours GMT (Fig. 7). Looking separately at the
results from the two time intervals, the average densities differ by less than 1 %, while the
variance decreases by about 60 % when using time dependent o instead of a constant one. Even
greater change in variance is observed when comparing average values from the whole day as
opposed to values obtained during daylight hours. Using a ¢ averaged over 24 hours of the day is
more or less what has effectively been done in the acoustic surveys on oceanic redfish conducted
by Iceland in 1991-1994. This does not take into account the varying degree of mixing and the
resulting loss of redfish echoes in the processing of the acoustic data. Another possibility would
be to use a higher mtegratlon threshold, thus often excluding the weaker echoes from myctophlds
and other small orgamsms This could lead to an underestimation, progressively increasing with
depth, unless measures were taken to correct the mtegrated values (Reymsson 1996). A more
attractive strategy might be to plan the survey in a manner that minimizes the area covered during
mght time. The time lost could to a certain degree be used for obtaining biological samples, thus
incréasing the coverage during day-time. In the planning of the joint Icelandic/German/Russian
survey on oceanic redfish conducted in June/July 1996 (Magnusson ef al. 1996) this was taken
into consideration. This may not affect the estimated number of fish significantly (about 10 %),
but can certainly decrease the variance.
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Table 1.

Settings of acoustic instruments on r/v Bjarni Semundsson.

Echo sounder/integrator

Frequency

Transmitter power

Absorbtion coefficient

Pulselength

Bandwidth

Transmission rate

Transducer type

2-way beam angle

Integration threshold in BISO0
TS-threshold in split-beam operation
Pulselenght criteria in split-beam operation
Maximum gain compensation
Maximum Phase deviation

Table 3.

Simrad EK500 (rev. 3.01)/BIS00
38 kHz

2000 W

10 dB/km

1.0 ms

3.8 kHz

0.7 pings/s

ES38-B, hull-mounted

-20.6 dB

-80 dB

-60 dB

0.7 and 1.4 of nom. pulselenght
-6.0 dB (one-way beam pattern)
2.0 deg

Observations of mean scattering cross section of oceanic redfish by areas and depth during
daylight hours (06-22 GMT). Standard error (s.e.) of & is given. The mean values in the two last
columns are obtained by giving the measurement in Area I and II equal weight. Note that cts.e.

should be divided by 1000 to get the correct value.
Areal Area Il Mean of Area
1&11
Depth range{ No. c 5.C. TS No. c s.e. TS G- TS
100-125 873, 1.55 .04 -39.1 213. 1.57 .08 -390 1.56 -39.1
125-150 4224, 147 .02 -39.3 1514, 1.38 03 396 | 143 395
150-175 | 7193. 137 .01 -39.6 | 3937. 134 .02 -39.7 | 135 <397
175-200 9373. 1.36 .01 -39.7 5718. - 1.29 .01 -39.9 .32 -398
200-225 9669, 1.33 .01 -39.8 7813. . 1.30 .0l -399 1.31 -39.8
225-250 7881.. 132 .01 -39.8 8019, 1.27 .01 -39.9 1.30 399
250-275 4260, 1.38 .02 -39.6 4190. . 140 .02 -39.5 1.39 396
275-300 764. 1.84 .05 -38.3 577. 2.79 .06 -36.5 232 -373
Table 4.
Observations on lenght (cm) and weight (g) of oceanic redfish by areas and sex.
Males " Females Total
Mean o Mean Length Mean Mean
No length No. ° length No range lenght weight
Areal 117 364 95 378 212 26-43 37.1 652
Area 11 42 36.6 14 37.3 56 30-45 36.7 629



Table 2.

Observations of mean area back scattering coefficient (SA) and acoustic cross section (o) of oceanic redfish by areas and time of day in the
depth interval 100-200 m. The standard error (s.¢.) of Sa and o is given. Note that ots.e. should be divided by 1000 to get the correct value.
The mean values in the three last columns and in the two last rows are obtained by giving separate measurement equal weight.

Areal Area Il Mean of Areal & II
GMT | No. SA S.€. No. o s.e. No SA s.e. No. o s.c. SA 5} TS
00-01 15 48.4 22 | 335 1.31 .03 20 28.2 1.9 948 .98 .02 38.3 1.14 -40.4
01-02 17 359 1.3 1254 1.07 .02 20 15.7 1.4 362 .88 .04 25.8 .97 -41.1
02-03 19 375 2.1 1630 1.13 .02 20 18.4 1.2 186 T1 .03 28.0 .92 -41.3
03-04 19 40.5 1.8 1614 1.18 .02 20 19.3 1.3 210 .59 .02 29.9 .89 -41.5
04-05 19 39.5 2.0 1453 1.09 .02 19 15.7 1.1 372 1.11 .04 27.6 1.10 -40.6
05-06 21 439 2.0 1351 1.12 .02 20 325 2.0 937 1.02 02 | 382 1.07 -40.7
06-07 22 53.7 2.2 15337 1.16 .02 20 43.8 1.6 838  1.03 .02 48.8 1.10 -40.6
07-08 21 51.9 22 1793 1.25 .02 20 41.8 1.7 701 1.18 .03 46.9 1.21 -40.1
08-09 19 63.5 2.6 1114 1.35 .02 20 49.7 1.5 425 1.23 .03 56.6 1.29 -39.9
09-10 16 61.3 3.2 1315 1.31 .02 20 49.7 2.8 628 1.31 .03 555 1.31 -39.8
10-11 16- 628 3.6 1447 1.40 .02 20 571 2.4 1059 1.25 .02 60.0 1.33 -39.8
11-12 15 54.8 2.2 994 1.33 .02 20 48.6 3.0 841 1.34 .02 51.7 1.33 -39.7
12-13 20 64.2 2.8 1359 1.42 .02 22 579 2.7 838 1.29 .02. 61.1 1.35 -39.7
13-14 17 61.6 2.1 1010 1.36 .02 32 52.2 2.3 404 1.39 .03 56.9 1.37 -39.6
14-15 16 68.4 3.2 904 1.54 .02 21 59.3 33 474 1.31 03 | 63.8 1.42 -39.5
15-16 13 69.8 2.0 815 1.43 .03 20 62.2 2.8 582 1.28 .02 66.0 1.36- -39.7
16-17 17 67.1 2.1 811 1.52 .02 20 614 33 637 1.39 03 | 643 1.46 -39.4
17-18 17 63.2 2.3 1083 1.36 .02 20 67.8 35 760 1.50 02 |.655 1.43 -394
18-19 16 60.6 29 2031 1.39 .02 20 61.3 2.0 618 1.34 .02 61.0 1.36 -39.6
19-20 19 62.2 2.2 2482 1.37 .02 20 61.9 3.0 925 1.34 .02 62.1 1.36 -39.7
20-21 |15 65.8 4.2 2272 1.40 .02 20 59.4 2.6 660 1.31 .02 62.7 1.35 -39.7
21-22 27 54.7 1.8 648 1.35 .03 20 539 2.4 963 1.31 .02 54.3 1.33 -39.7
2223 18 50.0 1.8 1393 1.24 .02 20 441 2.1 711 1.15 .02 47.1 1.19 -40.2
23-24 17 44.9 1.5 829 1.30 .03 20 - 39.20 24 729 1.06 .02 42.0 1.18 -40.3
00-24 24 55.3 2.1 24 1.31 .03 24 459 3.3 24 1.18 .04 50.6 1.24 -40.0
06-22 16 61.6 1.3 16 - 1.37 .02 16 555 1.8 16 1.23 .02 58.6 1.34 -39.7
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oceanic redfish averaged over 1 hour time intervals in Area [ and 1I.
Standard error is indicated. ‘

SA

80

"
2.

ot TR

N

40 SaE \ ~ v
58 { Arca I |

3(?§\ i /

\ bl

%R
10 (A pm— e (MRS (e ) ARG T (TN (E— — — — ——  — p— — — p— — — — — —
NN ONOASD =ANNTNON0RND =N T
R SR TR A - A D S S S S S Ser S R A Sk Sk i
vvvvv.vvvvc\o_‘vaw\ol\wc\oﬁNm
o N gt | e pnl o pd pd el et et N O] N N
: N s M N N N N N N N N N N N

 Hour (GMT)

Fig. 4. Diurnal variations of the mean area back scattering coefficient
(SA4) of oceanic redfish averaged over 1 hour time intervals in Area I

and II. Standard error is indicated.
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Fig.5. The mean acoustic scattering cross section of oceanic redfish in

25 m depth intervals from Area I and II.
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Fig. 7. Fish density (p) (mean of Area I and II) averaged over 1 hour time

intervals of the day using a) —O— time dependent o, b) ---0--- time average

of 6 over 00-24 GMT and ¢) ....0... time average of c over 06-22 GMT.
The overall mean density within the hours 06-22 and 00-24 GMT is given in the
figure as well as the standard error in each case.
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