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Report of the ICES Fisheries Acoustics Science and
Technolo!,'y (FAST) Working Group Meeting

28·29 April 1994, Montpellier, France

1. Terms of Reference

In aeeordanee with C Res 1993/2:9 the Working Group on Fisheries Aeousties Scienee and
Technology (Chairman: Mr E J Simmonds) met in l\1ontpellier, Franee, 28-29 April 1994
to:

a) review the progress of the study groups on Target Strength Methodology and
Research Vessel Noise Measurement; .

b) consider the combination of information obtained from fishing sampIes and
acoustic measurements in the estimation ofabundanee, with the aim ofidentifying
the sources and magnitude of errors.

2. Opening of the Meeting

The chairman opened the meeting and introduced P Freon, who weleomed members ofthe
working group to l\lontpellier on behalf of the Institute.

3. Order of the Day and Appointment of Rapporteur

The agenda was adopted. D G Reid of the SOAFD Marine Laboratory, Aberdeen,
Seotland, was appointed as rapporteur.

4. Presentation of Report from the Study Group on Hesearch Vessel Noise
Measurement (Chairman Mr R l\1itson, UK)

This report presented the findings to date of the vessel noise study group. The report is
in the final draft stage. The main points of diseussion are included below and the report
is published as Cl\1 1994/B:5.

4.1 Ambient noise

There are many gaps in the eurrent state ofknowledge. The most significant ofthese are:

• Knowledge of how ambient noise masks fish hearing (of vessels) or affects the
threshold vessel noise level above whieh fish will reaet.

• Fish hearing and responses to infrasound (0.02-20 Hz).

There are a number of sourees of ambient noise. The most important are:

• Shipping - Can be strong loeally, and also present at long ranges (10-100 km), (20
100 Hz).

• Wind - Noise at 50-1,000 kHz.
• Thermal - high frequeney (200 kHz and above).
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• Site specific environmental.
animals
seismic - infmsounu (0.02-20 Hz)
Seabed noise - gravel beus, rocks etc

4.2 Fish hearing

Hearing and responses to low frequeney and infmsound are poorly documented.
Infrasound (0.02-20 Hz) can be detected by some species und the intensity increases with
decreasing frequency. There are some exploratory results but these are difficult to assess.
Fish hearing is generally in the range 0.01-1 kHz. Sound in this range from trawls and
sounders may scare fish. The main infiuence on fish is partiele displacement not sound
pressure. The lateral line does not appear to be involved in hearing, although it is
involved in low frequency movement detection.

Size and age also have an effect. Norwegian studies have shown that the swim bladder
aets as an amplifier, so the effects of air guns is more marked for larger fish.

Some vessels do produce noise at these frequencies and may have effeets out to 500 m
from the vessel eg Thallasa. Corystes, whieh is much quieter may only cause areaction
in fish within 10 m ofthe vessel. It should be noted that research has indicated that fish
will reaet to noise only when it is above a certain threshold. Below this threshold the fish
may hear the noise but do not reaet.

4.3 Vessels

As reported before, Thallasa is known to be noisy. Corystes has had much effort directed
to reducing noise. This has resulted in a noise signature 10-20 dB down on other RV's.
The effects of noise on vessel instruments should also be considered eg echo integration
of noise from thc vesscl and variations in signal-to-noise ratio. There are known to be
problems with variable pitch propellers, with different combinations of revs and pitch
resulting in cavitation. Fixed pitch propellers are often most efficient, and hcnce quiet,
at near to their maximum speed. Best compromise may be an adjustable pitch prop with
settings for steaming and tmwling.

4.4 General points

• Thcre are no specific recommendations for rctrospectivc noisc improvements.

• Important for areas für annual maintenance:
Clean up propeller
Acoustic isolation of engines etc
Increased engine noise

Thc report will inelude data on the variation of noise with time from Corystes.

• Comparison of fishing (FV) anu research vessels (RV).
• Older FV's tend to be as noisy as the worst RV's
• N ewer FV's come elose to RV signatures.
• Recommenuations für charter vessels will be similar to those for research vessels.
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• Relateu subjccts not covereu in report.
Variation in fish responses from fishing areas to non-fishing areas
High frequency behavioural responses in fish

4.5 Noise Report Recommendations

• The noise signature for thc vessel shoulu be uefineu baseu on two criteria; the
range of fish hearing (below 300 Hz), anu appropriate acoustic instrument
frequencies eg 38 kHz for acoustic surveys (above 300 Hz).

• Testing noise signatures.
Best to use a naval facility to uetermine noise signature, however this may
be expensive
Technique developed at IMR Bergen. A hyurophone is mounted on a
stationary barge. The vessel to be tested steams past at different ranges
anu speeus

• It is important to get noise uata on a narrow banu, anu not to used averaged data.

The report will be completcu for thc ICES Statutory meeting in St Johns, September
1994.

5. Presentation of Ueport from the Study Group on Target Strength
Methodology (Chairman Mr E Ona, Norway)

5.1 Terms of reference

To prepare areport with a view to publication in the ICES Cooperative Research Report
Series on the methouology for target strength measurements with special; reference to in
situ techniques for fish and micronekton.

5.2 Outline of report

The first draft of the report is in the final stages of preparation. The chapter outline
given in the previous report is to be retaineu with some additions. The details of the
chapters are given in Appendix B. The current state of progress by chapter is:

Briefsummary ofother methous, integration and catch controlled experiments and
analytical methods

• l.

2.

3.

4.

5.

6.

7.

Introuuction

Definitions and terms

Single Beam echo sounuers

Dual Beam echo sounuers

Split Beam echo sounders

Biological sampling

Complete

Complete

Completed by June

60% Complete

Almost complete
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This will be a summary only and will incorporate the previous Chapter 8 on
specialised measurements; trucking; multifrequency methods; deep water towed
vehicles/transducers.

8. Single fish recognition criteria - summary given below.

9. DiscussionJRecommendations.

5.3 Summary of Chapter 8 - discussion covering single fish recognition
criteria

1. General principles:
pulse length windows
phase jitter

2. Problems of multiple fish echoes being identified as a single target:
How are elose targets separated/merged eg split and dual beam sounders
use phase relationships
Discussion of the scale of this problem
Discussion of statistics and physics of this problem - - studies at IMR
Bergen

5.4 General points

1. TS determination is very difficult for fish in very shallow water as TS is only
viable when fish are seen as point target. In very shallow water fish is not point
target.

2. The report will address the question of how valid are single fish targets taken from
outside schools to fish in schools. This problem will also be addressed in a Iater
paper.

3. When possible TS should not be assessed from skewed or bimodally distributed
fish aggregations, as there is difficulty relating trawl to acoustic data.

5.5 Papers presented on TS determination •
See Section 6.

Traynor, J. Target strength measurements of walleye pollack Theragra chalcogramma
and whiting Merluccius productus.

Appenzeller, A. In situ seasonal changes in target strength from acoustical measurements
in Lake Constance.

Huse, land Ona, E. Experiments on measuring average TS für herring within dense
concentrations.

Barange, M. and Soule, M.A. In Sitll determination of target strength in densely
aggregated fish: some problems and practical süIutions



--------------- ----- ----- ---- --- - -- - --- ----- -----------------------

Ona, E. Detailed in sitll target strength measurements of O-group cod.

Kloser, R. Investigations on the target strength of the deep water species orange roughy
(Hoplostcthlls atlanticus) based on modelling and in situ measurements on schools and
tethered fish.

Thorn, R. New developments in single beam target strength technology.

Misund, O.A. Target strength estimates of schooling herring and mackerel by the
comparison method.

5.6 Timetable

The time table for the completion of the report will be:

First full draft:

6. Presentation of Papers

September 1994

6.1 Traynor, J. Target strength measurements of walleye pollack Thcragra
chalcogramma and whiting Merlllccius prodllctuS.

This paper repots on recent target strength measurements made on walleye
pollack and Pacific whiting. Data were collected in situ using a Simrad EK500
echosounder with a split-beam 38 kHz transducer. Measurements on walleye
pollack agree fairly weIl with the previously published equation.

TS = 20 log (L) - 66.0

Measurements on Pacific whiting gave intercept results consistently lower than
this suggesting a TS/length relationship of

TS =20 log (L) - 68.0

It is suggested that further work be carried out, possibly based on swim bladder
morphology, to investigate this relationship.

6.2 Appenzeller, A. In situ seasonal changes in target strength from acoustical
measurements in Lake Constance.

White fish and Perch populations in the lake were surveyed on a monthly basis,
using and EK500 echosounder and 120 kHz transducer. Target strength and
distribution data were recorded. Biological sampies were made with trawls and
gill nets. The surveys showed a migration pattern around the lake, varying from
littoral to deeper waters. TS data gave unimodal distributions in February and
March, becoming bimodal in June as the next year dass was recruited. The
dominance of the young fish then diminishes through to November.
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6.3 Reynisson, P. Evaluation ofthe threshold effect on echo integration; a comparison
of two methods.

This paper compares the results from direct measurements of the effect of
threshold on the echo integration of oceanic redfish with calculations based on data
on TS distributions and the directivity of the transducer. Calculations are
presented for the correction of the echo-integral for different threshold values in
different situations.

6.4 Buse, land Ona, E. Experiments on measuring average TS for herring within
dense concentrations.

Berring were studied while overwintering in a fjord in Norway. Concentrations
of fish were examined using a trawl sonar, TV camera and an echosounder with
a special split beam transducer designed for fish tracking. This allowed a
comparison of integrator SA with the fish count from TV and sonar, tilt from the
TV, and tilt and swimming speed and direction from the split beam. The herring
migrate from 200 m in the day to 50 m at night, which would suggest chunges in
swim-bladder volume of 1/15 surface value, in the night, and 1/25 in the day. Fish
distributions were mostly polarised in the day but showed very mixed ungles at
night.

6.5 Barange, 1\1. and Soule, 1\LA. In situ determination of target strength in densely
aggregated fish: some problems and practical solutions.

Researchers have shown concern over the fact that spIit-beam echo sounder
systems seem to overestimate the target strength of pelagic fish. In this paper,
evidence was presented to suggest that, at the densities that we generally
encounter peIagic fish, in silu target strength is dependent on fish density. It was
argued that the reasons for this effect are likely to be: a) the inability ofsplit-beam
systems to consistently resolve multiple targets when pelagic fish disperse into
scattering layers; and b) the possibility that these systems may generate incorrect
TS data duc to a combination of the failure to resoIve multiple targets und also
overlunder compensation duc to erroneous phase information generated by cIoseIy
spaced targets with the seattering Iayer. AIthough the reasons for tbe former are
not yet weIl understood, it was suggested that the effect may be Iinked to some •
scattering properties of densely aggregated fish. A practical method to overcome
the present limitations ofthe system was presented, using examples for the South
African anchovy and pilchard populations. A preliminary in silu target strength
expression for the South African anchovy was presented, and its impact on the
time-series of hydroacoustic estimates of the stock size was compared with
estimates using other assessment methods. Finally, the performance of a 38 kHz
spIit-beam echo sounder system in relation to single target recognition was tested,
and some results presented, to generate discussion on the ultimate causes that
generate the effects ahove mentioned.

6.6 Ona, E. DetaiIed in situ target strength measurements of O-group eod.

In silu target strength measurements of codlarvae have hccn made using a split
beam eehosounder. The two datu sets are sampled in pure eod eoncentrations, one
in Ullstjord, North Norway, and the othcr in Parrisvatnct, a closcd270,OOO m3 salt
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•

6.7

6.8

6.9

water basin used for the production of cod fry. The target strengths measured are
eompared with the target strength to length equation used for larger eod. The
results from Ullsfjord are not signifieantly different to the equation for large eod
(TS = 20 log L -68.0 dB). In Parrisvatnet the target strengths are slightly lower,
but no recommendation is made to change the TS/L relationship for O-group eod.
Details of measurement procedures, biology and analysis are reported.

IGoser, R. Investigations on the target strength of the deep water species orange
roughy (lloplostethus atlanticlls) based on modelling and in situ measurements on
sehools and tethered fish.

In situ target strength data of fish from 600 to 1,200 m were eolleeted from a
spawning aggregation of orange roughy located off the east eoast of Tasmania in
1992. The target strength data shows many modes, none of which ean be
definitely and uniquely attributed to orange roughy. Dominant modes at -50 and
-55 dB eould be attributed to myctophid fishes that eontain gas-filled swimbladders
that were undisturbed by the acoustic towed body. Small modes at -44 dB and
-31 dB were attributed to the macrourid, Coryphaenoides subserrulatus and morid,
IIalagyreus johnsonii sp. respectfully. The swimbladder of 1/. johnsonii is gas
filled, whilst that of C. sllbserrulatlls eontains a spongy gas-matrix. No evidence
of a separate peak at -36 or -4.13 dB was found for the previously reported values
of orange roughy target strength. Results from modelling and tethered
experiments on orange roughy indicate that the possible target strength range for
a 35 em standard length fish is -43 to -53 dB. The dominant peak in the in situ
data at -50 dB whieh ranges from approximately -48 to -53 dB and is assoeiated
with the myctophids is likely. to be masking the orange roughy targets. It is
eoncluded that the in situ target strength for a 35 cm standard length orange
roughy is likely to be in the range of -48, the top of the in situ target strength
values and -53 dB, the lower range of tethered measurements.

Thorn, R. New developments in single beam target strength teehnology.

This paper presented a new non-parametric technique for assessing TS using
single beam echosounders, entitled Expeetation, Maximisation and Smoothing
(EMS). This technique is a deeonvolution method. The results of the technique
were eompared to other deeonvolution and dual beam techniques. EMS was shown
to require fewer sampies and would function with as few as 100 sampies.

Misund, O.A. Target strength estimates of sehooling herring and maekerel by the
eomparison method.

Some pelagie fish species in some areas have to be surveyed acoustieally when
schooling. Schooling fish will tend to have a more uniform behaviour, partieularly
in tilt angle, than looser aggregations. This will tend to result in a higher TS
value than is found for individual fish. This study used the eomparison method
the determine the target strength for sehooling mackerel and herring. The sehools
were first observed by eehosounder and sonar and then eaptured in its entirety.
This allowed a eomparison of the echo-integration results and the actual biomass
and length/frequeney of the school, and hence the TS/L relationship of the fish in
the schoo!. The calculated constant for herring was -71.1 dB or 69.8 dB after
eorrection for absorbtion. Both these values are higher than the standard clupeoid
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value currently used for acoustic surveys. The constant for mackerel was -87.9 dB
which is within the suggested range for this species.

6.10 Scalabrin, C. and Lurton, X. Fish shoals echo amplitude analysis

Aquatic biomass assessment is most often realised using the echo-integration
method based upon the linearity principle which states that the echo energy is
proportional to the target density. Bence, the echo amplitude envelope is usually
admitted to be Rayleigh distributed.

The purpose of this communication is to present experimental echo amplitude
PDFs from wild fish shoals. l\1any raw data were collected at sea during various
fisheries acoustic surveys with a 38 kBz narrow band echo-sounder using a 1 ms
pulse duration and a 80 vs 80 transducer. To our knowledge, such a variety of
experimental data has not been systematically gathered and analysed yet. The
empirical distribution of amplitude values from a shoal is computed after two
major corrections: a) amplitude values corresponding to incomplete pings are
removed systematically; and b) estimation of the sampling frequency for the echo
peak in order to get statistically independent values (the original signal is over- •
sampled within one ping duration). Both correction methods are described and
discussed.

The shoal amplitude PDF is then obtained by finding the theoretical distribution
which best fits the empirical distribution, after corrections. Shoals from several
spedes with different acoustie properties were seleeted and analysed. Although
some of the obtained PDFs might fit a Rayleigh distribution law, a systematic
exploitation of gathered data shows that it is usually not the case; bettel' fits may
be obtained with Pearson type I distribution. Another conclusion is that little
useful knowledge can be extracted from the PDF analysis to discriminate among
fish species. In order to improve fish species discrimination, spectral analysis of
signals time envelopes were performed over the same data and the first
corresponding results are presented.

6.11 Gerlotto, F., Freon, P., Sorin, 1\1., Cottais, P-H. and Ronzier, L. Exhaustive
observation of 3D sehool strueture using multibeam side-sean sonar: potential use
for school classification, biomass estimation and behaviour studies. •

The use of a multi-beam sonar used in the vertical plan as side-scanning sonar is
presented. The data obtained are used in three different ways: a) for school
classification using a set of statistical characteristics extracted from the result
through image processing and pixel analysis; b) for school counting during acoustic
surveys; and c) for behavioural studies, correlating the results with environmental
data. The paper presents the methodology developed and some examples from a
survey performed in western 1\lediterranean during a EEC/AIR project survey, in
May 1993.

8



6.12 Swartzman, G. Relationship of fish school distribution in the Bering Sea to
environmental factors.

Fish sehool parameters were derived from echogram data using image analysis
. teehniques. Aseries of environmental parameters were also collected including

vertieal CTn data. Initial analysis used multiple bivariate plots, this was then
enhanced using generalised additive models. The main areas of interest were
defined by changes in thermocline structure, mainly controlled by the frontal
systems in the study area. The most important school parameters were; school
density, area and average energy. School mass was highest in shallow waters,
below the thermocline. Ocean fronts affect the depth and size distribution of
summer Bering Sea pollack schools.

•

•

6.13

6.14

6.15

6.16

Simard, Y. Combination of different types of information with acoustie data: some
possibilities of spatial statistics.

This paper discussed a range of possible methods of combining continuous acoustie
survey data with point trawl data and various auxiliary variables eg temperature,
salinity, depth, light ete. This eould be carried out using spatial statisties, and
eould lead to more accurate 01' less variable stock assessments.

Godl1, O. and Totland, A. Effects of different trawl sampling strategies on acoustie
abundanee estimates of eod and haddock in the Barents Sea.

This paper compared two different methods for assigning trawl data to rectangles.
The original method assigned a haul manually to the square. Unfished squares
would be assigned to the nearest hau!. The second (automated) method, assigned
an average of all trawls in nine connected squares to the central square. It was
found that both techniques produced similar results except in areas where new
recruitment was oceurring. Split by speeies was also affeeted, mainly in low
abundance areas. It was concluded that the study should be extended over more
years, there was a requirement to study trawl allocation, and loeation, and that
more sumpling effort should be assigned to high density areas.

Diner, N. Remote control closure of trawl cod-end.

A new technique was described to allow subsampling in the trawl during fishing
operations. The cod-end was provided with aseries of compartments whieh eould
be closed sequentially, allowing the eapture of separate sehools. Closure was
aehieved using acoustically released drogues. The system allows the colleetion of
diserete uncontaminated sampIes. It is eurrently about to be marketed.

Holliday, V. Observing small zooplankton from moorings.

Presented as aposter.

6.17 Thorne, R. Digital transducer technology.

This paper presented a review of the philosophy of digital transducer teehnology
development at Datasonics.

9



6.18 Svellingen, 1. TAPF. A unit for testing the receiver of a 38 kHz split beam
sounder.

This paper describes a new unit to test the following parameters on 38 kHz split
beam sounders:

1. Target strength
2. Phase measurement
3. TVG function 40 10gR
4. TVG function 20 10gR
5. Integrated echo energy S"
6. Linearity of the receiver system

7. Working Group Recommendations

The Working Group made the following recommendations:

1. The FAST WG should meet in Aberdeen on Saturday 17 June 1995 following the
leES Fisheries and Plankton Acoustics Symposium to:

a) consider the implications of work presented at the ICES Symposium on
Fisheries and Plankton Acoustics and to identify the most important and
productive areas for research.

b) consider the report of the workshop on hydroacoustic instrumentation
(Cambridge 3-5 May 1994).

2. The report of the study group on the essentinl noise requirements of research
vessel should be published as a cooperative research report

3. The report of the study group on In Situ Target Strength Measurement
Methodology should be publishcd as a cooperative research rcport

8. Closure

The chairman thanked the host institute for their hospitality and thanked the members
of the Working Group and study groups for their efforts and contributions. •

9. National Progress Reports

Appendix A.

10. Participant and Address List

Appendix C.
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APPENDIX A: NATIONAL PROGRESS REPORTS

A.l AUSTRALIA

CSIRO Division of Fisheries

Development

In January the first phase of a portable acoustic system project was completed with the
construction of an instrument container and the successful testing of a eonstant tension
winch. The second phase, involves the redesign of our towed body to include two
frequencies, is scheduled for completion by May 1995. The portable system is designed
to be suitable for conducting deep water acoustic biomass and in situ target strength
surveys from 600-1,000 m on commercial fishing vessels 30 m in length.

The first phase of a software development project (collaboration with Antarctic Division)
to analyse multi frequency acoustic fish and benthic surveys is nearing completion. The
software developed on a SUN IPX using C++, Open Look and Oracle data base has an
open design which will initially accept Simrad EK500 data but will readily work with
other digitised formats. The software is being tested initially using single frequency
algorithms. Multi-frequency algorithms and easy-to-use interfaces will be built in 1994
95.

A new project to dcvelop an acoustic receiver and algorithms for bcnthic habitat
discrimination commenced in July 1993. The equipment and software dcvclopments are
now under way. The equipment development centres around building an acousties
receiver (230 dB dynamic range) that ean be interfaced to standard fishing vessel
sounders. The software development will be based on our existing aeoustic software but
will cxtend to specific algorithms for benthic habitat monitoring.

Surveys

In July 1993 thc fourth annual acoustic survey was conducted of spawning orange roughy
off the cast coast of Tasmania using both hull mountcd and towed transducers. The
towed transdueer survey was performed by towing the towed body to a depth of 600 m .
Thc data were processed in October 1993 showing consistently higher biomass for thc
towed body surveys when compared to the hull mounted surveys.

In February 1993 the second survey was undertaken of a 600-1,300 m mixed species
ground that consisted of 35 hills off the south coast of Tasmania. The acoustic data were
obtained by towing the towed body at depths of 500 to 900 m at speeds of 5 to 7 knots
virtually continuously for 14 days. In Sitll TS data were colleeted on various species down
to 1,200 m.

Acoustic data were also collected from mixed speeies assemblages in shallow water in
southeast and northern Australia. Thc data set produced will be analysed with multi·
frequencyalgorithms.

Contact: l\1r Rudy Kloser
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A.2 CANADA

ßedford Institute or Oceanography and St Andrews ßiological Station (DFO
Scotia-Fundy)

Aeoustie information eontinued to be eollected during groundfish trawl surveys on the
Seotian Shelf and during special inshore trawl surveys eovering traditionally unfished
hard bottoms. Strong eorrelations have been found between trawl eatehes and the
aeoustie measurements that suggests the possibility of usefully applying the teehnology
to groundfish.

An examination ofthe feasibility ofapplying aeoustic techniques to aid in groundfish stock
assessment has been undertaken at St Andrews Biological Station. A 50 kHz single beam
transdueer has been deployed during trawl sets on two surveys to determine the degree
of correlation that exists between trawl catch and acoustie area scattering. Trawl eateh
for this comparison has excluded benthie species such as sculpins, skates and flatfish as
weIl as dogfish that have very low renectivity due to their lack of a swim-bladder. The
correlations aehieved between eateh and areas scattering from these surveys has been
quite high (r-0.83 and 0.94). This indieates that the acoustie system is effective at •
deteeting fish near the bottom. Determination of the proportion of acoustie area
scattering attributable to individual species would need to be based on trawl eatches, since
speeies reeognition is not feasible from the acoustic information alone. Based on these
results, we intend to use our 120 kHz dual beam acoustie system to investigate the
representativeness of trawl stations for the George's bank survey. This will be based on
a comparison ofacoustic results from trawl stations with those from a more geographically
inclusive data set eollected while steaming between stations. The acoustie system is also
being used in an investigation of diel variation in distribution of eod within a spawning
assemblage on George's Bank.

A bottom-mounted upward looking sonar of long-term quantitative zooplankton
monitoring was sueeessfully deployed for a 50 day period on the Seotian Shelf. The
acoustie system was able to monitor populations of euphausiids and juvenile silver hake
in the 150 m of water using a 150 kHz RDI Aeoustie Doppler Current Profiler. Over the
period oftime, both short-term diel migration and longer-term migrations ofthe biological
populations were observed. Some of the observations eould be rclated to the movements
of water masses in the area. •

l\1aurice-LamOlltaJ,f"J1e Institute, l\lont-Joli, Quebec

An acoustie mission dedieated to the development of an abundanee index for maekerel was
conducted in Cabot Strait in June, during the seasonal migration to the Gulf of
St Lawrenee. It used an EK500 (120 kllz) coupled to an HDPS. This system was also
used for an estimation survey of herring in eastern Gulf of St Lawrence in November.

Acoustie data were gathered with a Biosonies 102 (38 and 120 kI-lz) in eastern Hudson
Bay in September, during an oceanographie mission. Tests of research ships of
opportunity as platforms to automatically acquire echointegration data were also
performed.

Roxann data for bottom classification were collected during scallops and Stimpson surf
clam surveys in the Gulf of St Lawrence in July and September.

11



Freshwater Institute, Winnipeg, l\lanitoba

A feasibility study to evaluate the potential ofusing hydroacoustics to study the spawning
migration ofbroatl whitefish (Coregolllls llaslls) was carrietl out on the Arctic Red River,
Northwest Territories in November 1993. A Simrad EY500 split-beam hydroacoustic
system was deployed through the ice in early November 1993. An elliptical beam
transducer was aimed horizontally from each shore towards the centre of the river.
Through careful site selection, about 80% of the cross-sectional area of the river was
ensonified. The ice surface made a stable platform from which to deploy the transducers
and calibration sphere. Dual axis rotators allowed precise aiming and calibration of each
transducer. The deployment of the system under the ice presented few hydroacoustic
problems. Environmental noise levels were relatively low (-108 dB) when compared to
open water conditions and calibration was greatly simplified because the ice provides a
stable work surface. However, a significant proportion of the broad whitefish had passed
the study site by the time the hytlroacoustic system was operational. Nonetheless, enough
data was recordetl to evaluate the future potential of the tcchnique for this type of
assessment. Analysis of the data will continue through 1994.

• NW Atlantic Fisheries Centre, St John's, Newfoundland

Enclosure experiments on target strength/length relationships for herring continued in
1993. One survey was conducted to estimate herring abundance of one stock complex.
This 120 kHz survey includes in sitll target strength measurements.

One large survey was conductetl for capelin (49 kHz) covering 8,850 nm of survey track
in NAFO Division 2J3KL. The trend in biomass, declining from 1991, continued in 1993.

A survey of cod stocks employed two vessels for a 20 day period. Work focused on in situ
target strength measurement and species identification research. Multiple frequencies
(38/49/120 kHz) were employed and inter-vessel calibration was performed.

Acoustics was used in an experiment to examine the effect of trawling on the distribution
of spawning cod.

•
The conversion of the Atlantic Champion from a commercial trawler to a research vessel
is proceeding. Trials are scheduled to commence in thc fall .

A.3 DENMARK

Danish Institute for Fisheries and Marine Research

Research and Development

Projects concerning classification of species entities by image processing of acoustic
scattering layers and the estimation of bivalve (MytilllS) populations by acoustics have
continued. The bivalve project will be finalisetl in 1994 while the classification project will
be published in 1995.
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Surveys

The disturbances caused by the construction work on 11 bridge connecting Denmark and
Sweden across the 0resund are a cause for concern in relation to thc important
migrations of spring spawning Western Baltic herring through the sound. Thc regular
monitoring programmes of the herring migrations through the sound, implementing
acoustic techniques and gill net sampling, has been initiated. Baseline data are collected
before construction works start and the monitoring programme is expeeted to last for the
duration of the bridge construction.

Acoustic methods have been employed in surveys ofpelagic O-group cod in the North Sea
and in the Baltic. These attempts have met major problems in distinguishing O-groups
in dense plankton layers (North Sea) and in extremely low stock sizes (Baltic).

The Danish Institute for Fisheries and Marine Research has participated in international
acoustic surveys concerning herring in the North Sea and Skagerrak and in the Western
Baltic.

•A.4 ICELAND

Contact: Gudni Thorstcinsson

Experiments with netting with 135 mm mesh opening in the overhang of a Nephrops
trawl, otherwise made of 80 mm mesh opening, resulted in significant reduction of
undersized haddock. After the experiment many boats used the bigger mesh sizc in thc
overhang voluntarily in addition to the obligutOl-Y 135 mm square mesh window in the
upper beIly. The combined reduction of undersizcd huddock by using a square mesh
window in addition to the bigger mesh size in the overhang is more than 50%. In 1994
experiments with no overhang in the Nephrops trawl ure planned to check on the relative
bycatch of undersized and marketable fish by species. These experiments are carried out
on a twin-trawler.

Experiments with square mesh windO\vs in bottom trawls indicated that the bycatch rates
of small haddock cun be reduced greutly und the catches of small cod to some extent. The
results are much depending on depth, fishing grounds and other factors. The influence •
of the day-time and year-time has not been investiguted yet. Square mesh windows are
however not used in the trawl fishery. Seiners permitted to use 120 mm netting when
catching lemon sole must on the other hand use square mesh windows in the upper part
of the cod-ends.

Iceland has participated in a Scandinavian project on the selectivity of shrimp trawls. A
TV film has been made on the problems of the shrimp fisheries in the North Atlantic in
cooperation with a filming compuny.

Private companies have developed two kinds of dredges for catching sea urchin
(Strongy[occntrotlls drocbachicnsis). Both designs were successful und ure widely used in
commercial fishing. Underwater TV observations showed the catchabilities of both
versions to be good and the influence on bottom organisms to be rather low.
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An experimental fishing for the common whelk (Buccillilm 11lldatum) has been started
with different kinds oftraps. An experimental fishing on acean quahog (Arctica isfandica)
has been started recently.

As apart of a Scandinavian research project on the hidden mortality of fishing gears an
experiment on the survival rates of small fish and shrimp (Pandalus borealis) escaping
through diamond and square mesh cod-ends and a metal grid has been planned. The
survival rate of caught shrimp, released at the surface, will also be dealt with.

A.5 IRELAND

Fisheries Research Centre

The Fisheries Research Centre (FRC) has undertaken acoustic surveys to estimate the
spawning stock biomass of herring in the Celtic Sea (lCES Divisions VIIg and j) since
1987. Two surveys are carried out each year, one in autumn and one shortly afterwards
in winter. The results ofthe acoustic surveys are submitted to the lCES Herring 'Vorking

• Group.

Although FRC personnel (J Mo11oy et af.) have always participated in these surveys, the
acoustic equipment and expertise has been contracted from specialists outside Ireland.
Liverpool University's Port Erin Marine Laboratory undertook the first surveys in
1987/88, and the Scottish Office Agriculture and Fisheries Department (SOAFD) have
undertaken them since 1989/90. However, under the EC funded STRlDE programme,
FRC have acquired the necessary equipment and personnel in an attempt to establish an
independent fisheries acoustics programme.

This programme began in 1993, with the acquisition of the Simrad EK500 echosounder
and a 38 kHz split-beam transducer, and the appointment of Mr J l\1ilne, who attended
the lCES FAST WG in Gothenburg last year. The equipment list is currently more
comprehensive, with a PC running Simrad's EP500 post processing software, a towed body
and appropriate standard target calibration apparatus.

•
Dr P Fernandes took up the position of acoustic scientist in January 1994. His experience
in the field is as fo11ows: use of a Simrad EY200P and integration software to study
biological distributions across the western lrish Sea front (1988-1991); participation in the
autumn Celtic Sea herring survey (1989); acting as adviser to an EC funded project in
South America with ambitions to conduct acoustic surveys (1992); and attendance of the
fisheries acoustics courses run by Simrad (1993).

P Fernandes took part in the January survey ofthe Celtic Sea carried out by SOAFD, and
in the data analysis at the Marine Laboratory Aberdeen. He recently undertook field
trials of a new calibration set-up and the deployment of the FRC towed body from the
RV LOllgh Beltra. He is currently preparing for forthcoming cruises and reviewing data
analysis procedures.

An acoustic survey has been planned for 11-30 July, to assess the herring biomass offthe
west coast of Ireland. This is to be carried out independently by FRC, but will be
coordinated with the other lES surveys which will cover most of the continental shelf in
the North Seu und west of Scotlund. The FRC survey will commence ut 56°N, proceeding

v



south to 52°N, extending out as far as the 200 m eontour. Loeal fishermen have been
consulted to determine a survey design which takes into account the suspeeted herring
distributions for that time. The RV Lough Foyle has onee again been chartered for the
survey.

FRC have again planned surveys for the Celtie Sea in autumn (31 Oetober-12 November)
and winter (14-27 January 1995). It is also interested in the prospect of using acoustic
teehniques to assess stocks oflesser exploited deep water speeies on the continental slope.
FRC is particularly coneerned with seeuring aeeeptance and support für fisheries aeousties
from the Irish fishing community. In addition to informal diseussions, a seminar/
workshop with fishing organisations has been planned for Inter this year.

A.6 FRANCE

Acoustique Sous-Marine Appliquee a In Peche

Les travaux en aeoustique sous-marine appliquee u In peehe sont menes en partie par •
l'IFREMER et en partie par l'ORSTOM, les deux organismes restant en contaet etroit en
particulier en ce qui concerne les aspects methodologiques.

1. Travnux menes u l'IFREl\1ER

1.1 Echo-integration et classifieation des banes

Le travail de classifieation des banes u partir des parametres geometriques et
energetiques des banes determines gruee au 10gieiell\10VES B se poursuit dans le cadre
du projet BIOMASS (programme FAR). Les deseripteurs classiques se reveInnt
insuffisants pour assurer l'identifieation de banes, une analyse speetrale de l'amplitude
des echos dans un bane a ete entamee.

Par ailleurs nos partenaires dans le projet BIOl\lASS que travaillent sur l'identifieation
des echos obtenus en sondage large bande (Insitut de ehimie et de physique industrelle
de Lyon, Franee; Marine Laboratory d'Aberdeen, Seotland) sont arrives u des resultats
prometteurs (determination de In signature aeoustique de groupes de poissons,
reconnaissance de la signature speetrnle entre gadides, ehinehards et maqueraux, sur des •
poissons observes en eage).

1.2 Essais du sondeur large bande

Pour pouvoir realiser des essais due transducteur large bande ula mer sans etre gene par
les bruits du navire, nous nvons realise un eorps remorque support de transducteur dont
les performances hydrodynamiques sant tres satisfaisantes. L'engin est parfaitement
stable en remorquage entre 4 et 11 l1üeuds.

1.3 Traitement des donnees sonar

La possibilite d'un traitement numeriquen en temps reel des images d'un sonar de peche
multifaiseeau a ete prouvee (trajeetogrnphie de banes); ee travail devrait se poursuivre en
exploitant mieux les possibilites de reeonnaiss:mee automatisee des deteetions de banes
da poissons.
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1.4 Evolution des sondeurs OSSIAN

Dn aeeord avee la Soeiete l\lICREL a pennis d'integrer au sondeur OSSIAN (dans sa
version seientifique) les modules d'eeho-integration par tranehes d'eau et par banes de
poissons eontenus dans le logieiel IFHEMER "MOVIES n", et de reeonnaissanee
automatisee de la nature du fond.

D'autre part les travaux de mise au point du transducteur du sondeur OSSIAN 2000 se
poursuivent pour obtenir un sondeur grand fond :1 haute definition. Les premiers essais
d'une maquette du sondeur seront faits en M6diterranee, :1 bord du N/O EUROPE des le
debut de 1994.

2. Travaux menes par I'ORSTOM

Suite a la mise en evidenee par aeoustique de struetures biologiques liees a la presenee
de thons dans une zone de l'Atlantique Equatorial pendant une partie de l'annee, et aleur
identifieation eomme poissons meso-peIngiques, des etudes en partieulier sur la croissanee
de eette espeee sont en cours, et des eampagnes eomplementaires, :1 des saisons non

• eneore explorees, sont en cours ou prevues (E MarehaI, J Panfili).

Le reseau Caraibes poursuit ses travaux, entre autres de deteetions sur les petits fonds.
Les participants se sont reunis en fevrier 94 :1 La Havane; reunion qui se prologeait par
un Congres des Seienees de la Mer (F Gerlotto),

Au Senegal, outre les travaux en petits fonds qui vont etre renforces par l'affectation d'un
chercheur de l'INRA, ont commence des etudes sur le mode de strueturation de la
population, et ses eonsequenees sur I'evaluation, par l'affectation d'un geostatistieien de
l'ORSTOM (P. Petitgas, J.J. Levenez, J. Guillard). Le developpement de Dakar comme
site de methodologie acoustique est en pi-ojet, afin d'approfondir nos recherehes sur les TS
in situ et l'apport des systemes large bande dans la variabilite des mesures et la
earaeterisation de eibles (B Samb, A Lebourges).

•
Le groupe de travail franeophone sur l'''Oeeupation de l'espace par les organismes
aquatiques", s'est tenu pour In troisieme fois en mai 93 :1 Evian; il se reunira de nouveau
a Montpellier a la faveur du FAST, en avril 94.

En Indonesie, l'etude du comportement des poissons au vOlsmage des dipositifs de
eoneentration de poissons se poursuit dans la Mer da Java (D Petit).

Pendant 1'ete 93 a eu lieu une premiere eampagne en Polynesie visant :1 etudier l'effieacite
des dispositifs de eoneentration de thons. Les mesures ont ete faites avee un dual-beam
BIOSONICES a 120 kHz et un integrateur INES-MOVES. Le eomportement des thons
a ete suivi par marquage aeoustique (E Josse).

Le programme AIR mene en eollaboration avee l'Instituto de Cieneias deI Mal' (Bareelone,
Espagne) et l'Instituto Rieerea Pesea Maritime (Aneona, Halie), se poursuit, avee non
seulement l'eeho-integration mais aussi l'emploi d'un sonar haut frequence pour l'etude
de la strueture des bans (P Freon, F Gerlotto).
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Une collaboration avec le laboratorie d'acoustique des peches du VNIRO (Moscou) debute,
afin de mettre au point un prototype de sonar purumetique pour les travaux en petits
fonds et large bande (A Lebourges).

Travaux mencs par acoustique a Ia Direction des Hessources Vivantes de
l'IFHEl\1ER

Atlantigue

Dans le cadre des programmes du laboratoire d'Ecologie Halieutique (ECOHAL), la
campagne ERAG 93 a ete effectuee a bord de la THALASSA sur les concentrations
d'anchois du sud du golfe de Gascogne en juin 1993. L'acoustique est consideree, pour ce
programme, comme un outil privilegie permettant de caracteriser la distribution et
l'abondance relative de cette espece dans son contexte multispecifique. Au cours de cette
campagne, l'effort a ete porte d'une part sur la collecte des parametres d'environnement
associes et d'autre part sur l'etude des variabilitees spatio-temporelles de la distribution
des adultes a differentes echelles d'observation.

1\16<1 iterranee

Dans le cadre d'un programme finance en partie par la CEE (FAR), avec la collaboration
de I'Espagne (lEO et CSIC) et de I'ltalie (lCRAl\1), une compagne d'echo-integration a et6
effectu6e en 1\16diterranee en 1993 sur les aires de ponte de l'anchois a bord du N/O
THALASSA. La prospection acoustique s'est d6roulee du 01107/93 au 01108/93 entre Ie
folfe de Valence (Espagne) et le sud de l'ile d'EIbe. Simultanement, le GARCIA DEL CID
(N/O du CSIC) a effectue une estimation de la biomasse des geniteurs par la methode de
la production journaliere d'oeufs.

L'EUROPE, nouveau navire de recherche haliqutique, catamaran de 30 m, a ete mis a
l'eau en 1993. Il sera operationel sur la fUtyade mediterraneenne en 1994. Une attention
particuliere a ete port6e sur la conception de ce navire pour repondre aux exigences des
campagnes acoustiques en particulier en ce qui concerne les quipements et le bruit
rayonn6.

Travaux mencs par rINHA

Les travaux d'acoustique subaquatique du laboratoire d'Hydrobiologie Lacustre de
Thonon-les-Bains sont menes suivant deux axes de recherche principaux:

• l'utilisation des techniques acoustiques pour le suivi des stocks de poissons dans
les differents lacs alpins, et de barrage (barrage Aube) afin d'appr6hender les
Ductuations annuelles des biomasses totales des poissons en relation avec les
dynamiques de populations, les statistiques de peches et la climatologie.
L'occupation spatio-temporelle des populations de poissons en fonction des
parametres environnementaux (physico-chimiques, biologiques), est etudie en
complementarite avec les methodes traditionnelles d'echantillonnage, tel que les
filets maillants et le chalutage. En zone de petits fonds (inferieure a 10 m) la
faisabilit6 et la compl6mentnrit6 des techniques acoustiques ont 6t6 abord6es
(riviere Seine), et poursuivies par des experimentations en collaboration avec
I'ORSTOM (dans le cadre d'ECHOSPACE) dans la zone c6tiere du Senegal et dans
l'estuaire du Sine-Snloum.
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Simonstown and has been used extensively in the field on a wide range oftargets,
from horse mackerel and squid to anchovy recruits. Further significant
developments are at an advaneed stage and will be tank tested in 1994.

• The development, through loeal consultants, of a multi-beam, high resolution
system (code named ABACUS) capable of counting individual fish at densities
higher than typical upper limits for in situ target strength determination.

Other acoustic interests ofthe institute are the development ofacoustic survey design and
data analysis techniques, including the use of spatial statistics to characterise distribution
on various scales.

A~8 SPAIN

During 1993 different acoustic activities were carried out, all of them using an EK500
echosounder.

IEO • Palma de Mallorca
Contact: Joan Miquel, Magdalcna Iglcsias

Development ur Acoustic Technigues

A new research program, DETAC, for developing acoustic techniques was started last
year. The main objectives are to develop and to check a new tool for contro]Jcapture data
[rom EK500 echosoundor, studios about fish bohaviour and TS moasurements and survoy
planning studies. Two surveys were performed in Mallorca island on board RV Od6n de
Buen in February and June.

During these surveys the controllcnpture program, Bravo was checked; this program
briefly consists in a qbasic program thnt controls the main settings of EK500 (scales,
printers, GPS output, etc) and captures the integration table telegram each mile via
RS232 serial port.

The survey track consisted in a parallel grid design with 2.5 nm between transepts. For
pelagic fish present in the studied area, there were not significant differences among CVs
considering all the transepts, removing one (5 nm between transepts) 01' two (7.5 nm
between transects).

IEO • A Coruna
Contact: Pablo Carrera

Acoustics Survey for Assessment

Atlantic and Cantabrian waters

Two surveys were carried out, Pelaclls 0493 during April and Ecocddiz 0693 in June.

The main goal for Pclacus 0493 was the abundance estimation ofsardine and blue whiting
present in cantabrian and galician waters, but it was not possible to do in situ TS
measurements for both species.
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IEO - Cadiz
Contact: l\lilagros l\Iillan

Ecocddiz 0693 was the first acoustic survey for the assessment ofpelagic fish done during
spring in the Gulf of Cadiz. A total of'517 nm were surveyed covering an area of
2,865 nm2

; small boar fish (Capros aper) was the most abundant species found, with
217,579 mt, corresponding to 20,784 million fish. This species, with small trumpet fish
(J,facrorhallphosus sco[opax), which were distributed within 500 to 100 m isobath, have
restricted the distribution area of sardine and anchovy to shallower waters (less than
100 m). For sardine und anchovy, the total biomass assessed were 90,974 und 6,569 mt
respectively corresponding to 2,485 and 462 million fish.

IEO - Malaga
Contact: Hogelio Abad

Mediterranean Bea

Ecomed 93 was the fourth fall survey carried out in the Spanish Mediterrunean Sea.
These surveys usually covered the area between the Gulf of Lion to Punta Europa,
Gibraltar. Unfortunately in 1993 a failure in our EK500 echosounder, reduced the survey
area to Cataluiia and Alboran Sea (Malaga to Punta Europa).

In 1992, an important population of boar fish (Capros aper) had been found in Alboran
Sea (as in the Gulf of Cadiz in 1993), but during Ecomed 93 this population had
disappeared. Fishermen from both Gulf of Cadiz and Alboran Sea (also from Portugal)
have reported about the presence of important amounts of boar fish 01' trumpet fish for
periods more-or-Iess shorter that cause great problems to the normal fishing activity.

A.9 UNITED IHNGDOl\l

Marine Laboratory, Aberdcen, Scotland

•

Surveys of herring were carried out 1) in the ICES area VIa North and 2) in the Orkney,
Shetland and Buchan areas, in July 1993. These surveys were in conjunction with the
Norwegian, Danish and Dutch fisheries research laboratories. Survey data were collected •
using the Simrad EK500 and reconled on a Sun computer using the Bl500 software at
frequencies of 38, 120 and 200 kHz. Data on temperature, salinity and seabed type
(ROXANN) are collected during the survey. The relationships between stock and water
depth, temperature, saHnity, and seabed ure being investigated from this data. Some
significant correlations have been found between fish density and depth, temperature und
substrate. Acoustic surveys ofmigrating mackerel have been carried out in January 1994.

\Vork on wide-band acoustics has been continued with the development of an improved
transducer, and a new computer controlled receiver und transmitter. Initial trials ofwide
band beams from a flat transducer have been completed. Studies on reflectivity continue
with measurements on eod, saithe, haddock, horse maekerel and maekerel. The data are
being analysed for recognition rates using neural net and discriminant analysis. This
work is supported under the EC FAR prob'l."am and is being carried out in eooperation with
1CP1 Lyon, 1FREl\1ER Brest und 1MB Crete.
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• l'utilisation d'un sonar large bande, en phase d'experimentation, aborde les
problemes de la reeonnaissance speeifique de eibles individuelles et de banes de
poissons.

ECHOSPACE

Marine and fresh water organisms are not randomly distributed, but present organised
structures at any seale, from 1 m up to several hundreds of kilometres. Such a
deterministie occupation of spaee depends on physiologieal and behavioural reactions, as
weIl as on spatio-temporal struetures of the environmental charaeteristics. The aquatic
spaee is three-dimensional, with strong vertieal gradients; thus the shape that the spatial
organisation may present is eomplex. Failure to take this spatial strueture into account
risks negleeting fundamental charaeteristies of the biology of the speeies, und serious
errors in the population analysis. Although these spatial struetures are fundamental
charaeteristies of the populations in the eeosystems.

It is only the introduction of aeoustie methods (echosounders, sonar) that has overcome
the limitations ofthe traditional sampling methods and allowed the direet observation of
the three-dimensional struetures of the populations as weIl as their reactions to
hydrologieal eharaeteristies, henee an understanding of the relationship between the
population distribution and the environment. As a matter of fact these methods are the
only ones that allow a remote, continuous and synoptie observation of the individuals in
their own spaee.

Taking advantage of these possibilities, the Working Group ECHOSPACE (Etude du
Comportement, de l'Heterogenetie et de l'Organisation Spatilale des Populations
Aquatiques Considerees par Eeho-prospection, on the Spatial Organisation of Aquatie
Populations as reeorded using aeoustie methods) was ereated in 1991. This group is open
to every scientist of any eountry who is eoneerned with its objectives, ie the understunding
of the mechanisms producing the spatial struetures of aquatic organisms, and the
evaluation of their consequenees on the study of these populations. Annual meetings ure
organised and the main oral eommunieation langunge is Freneh.

ECHOSPACE has explored different ways ofusing the information that ean be extracted
from the acoustie data. They eoneern the study of the meehanisms that are responsible
for the spatial organisation, as weIl as the spatial geometry of the structures, the
behavioural meehanisms of the populations (and partieularly gregariousness), the
biologieal meehanisms indueed by the hydrologieal eonditions, and the impact of the
structures on the results of aeoustie biomass estimates. An issue of Aquatic Living
Resources (Vol. 6, No 3, 1993) is devoted to the reeent work of the seientists belonging to
ECHOSPACE (11 papers).

Contaets

echospace@thonon.inra.fr

J. Masse, IFREMER, Lab ECOHAL, DRV/RH, BP 1049, 44037 Nantes Cedex 01, Franee
E.l\1archal, ORSTOM, Inst Oceanogrnphique, 195 rue Saint-Jaeques, 75005 Paris, Frunce
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A.7 REPUBLIC 01" SOU1'II AFHICA

Sca Fishcrics Rcsearch Institute, Cape 1'own

The institute conducts acoustic surveys from two research vessels RS Africana und RS
Algoa, both of which are equipped with Simrad EK400 and ES400 38 kHz split-beam
sounders interfaced to a locally-developed, PC-based, integration and data logging system.
Africana is also equipped with an EK500 sounder at 38 kHz and 120 kHz, and Algoa is
to be fitted with a 38 kHz EK500 this year. In SÜll target strength analysis is done on
both vessels through locally-developed single-target recognition and beam-compensation
software, using data from the ES400 parallel data port.

Random stratified surveys of anchovy Engralllis capensis and pilchard Sardinops ocellatus
spawning stock on the South African continental shelf have been done annually in
November since 1984. The anchovy spawning stock is determined contemporuneously by
an egg production survey from the same vessel. After adjustment for the most recent in
Sitll target strength figures, the acoustic time series agrees weIl with that from the egg
production estimates. Acoustic surveys of anchovy and pilchard recruitment on the west
coast have been done in mid-year every year since 1985. Management of both species is
heavily reliant on the results from both the spawner biomass and recruitment surveys,
with the latter carrying most weight for anchovy, and the former for pilchard. Round
herring Etrumells whiteheadi biomass has also been estimated acoustically during the
November surveys. The results show this species to be under-exploited at present. In
conjunction with routine bottom-trawl surveys, Cape Borse mackerel Trachurus capensis
have been assessed acoustically on the Agulhas Bank at night when they are clear ofthe
bottom. In the course of these surveys evidence has been obtained of major changes in
target strength in response to the midwater trawl. Attempts have also been made to
assess the commercially important chokka squid Loligo reynaudi on its summer spawning
grounds inshore on the Cape South Coast. It has been found that the biomass of
spawning aggregations can be estimated acoustically, and ways of combining these
estimates with mark-recapture information on migration, and trawl estimates ofthe non
aggregated part of the population are being sought. Finally, the institute conducts
occasional acoustic surveys on Antarctic krill Euphallsia superba as part of the nation's
commitment to CCAMLR. Study areas have been Prydz Bay, South Orkneys, the
Antarctic Peninsula and most recently (1994), S Georgia.

In addition to the surveys, acoustic work has been done on behaviour and distribution,
primarily on the species mentioned above (with a strong emphasis on Antarctic krill), as
weIl as on juvenile hake Merlllccills capensis. Astart has also been made in classifying
fish and zooplankton targets acoustically through principal component and discriminant
analysis of between and within aggregation variables.

Methodological work has centred on the following:

• The in-house design and production of a PC based integrator and data logger (code
named AIDA), whicli accepts data from the EK400 and ES400 sounders, and is
soon to be interfaced to the EK500.

• The development of single-target recob'llition and analysis software for in situ
target strength determination. The current system has heen tested on model
targets in a 20 m test tank at the National Underwater Acoustic Centre in
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Work on survey design methods has continued. The series of simulations to investigate
the precision of estimates with different survey methods has been developed to include
consideration ofvariance as weIl as abundance. The results are encouraging and indicate
that systematic designs have distinct advantages in survey precision. Use ofgeostatistical
estimators for variance allows examination of survey strategies. Automatie fitting
procedures for variogrnms have been used to obtain bettel' understanding ofthe precision
of the variance estimates. The conclusions of this work are that the best abundanee
estimates are obtained with systemntic surveys and variance can be cnlculated using
geostatistics. The best variance estimates can be obtained using a transect design oftwo
transects per strata. The final choice of strntegy depend on the relative importance given
to these two parameters. A project fundcd by thc' EC to examine the usefulness of
Geostatistics will start in May and is in cooperation with IMR Bergen and Ecole de l\Hnes
Fontainbeau. .

A second EC project investigating aspects of target strength and near seabed detection
lead by IMR Bergen and in cooperation with 1MB Crete has been awarded but a starting
date has yet to be announced.

ßritish Antarctic Survcy

Acoustie studies were carried out on the RRS James Clarll Ross in January, February and
March 1994 using Simrad EK500 split beam 120 kHz and 38 kHz and single beam
200 kHz hull-rnounted sounders, logging integrnted data to a PC, and rnw data over a
LAN to a Sun work station. Surveys began with large scale transects between 8tanley,
Falkland Islands, 8 Georgia, and the 80uth Shetland Islands and back to 8tanley. In
between these long transects, rnesoscnle surveys were undertaken elose to the 80uth
Orkneys and 8 Georgia to investigate several components of the pelagie food web
including krill. The sounder was calibrated at 8 Georgia. Krill were encountered in the
80uth Orkney region, but were very infrequent elsewhere.

In February acoustics, net sampling and predator observations continued north of
8 Georgia (around 50°8), north of the Antarctie Polar Frontal Zone. The objective was to
studya different part ofthe pelagic system where the grey headed albatrosses are the top
predators and squid the main prey. The site was selected by tagging albatrosses and
observing their fornging trips. 8mall numbers of squid were caught, but too few to
attribute specific acoustic signatures to thern.

The James Clarll Ross returned to the 8 Georgia shelf just after the middle of February
to begin a two ship survey of krill with the 80uth African research vessel R8 Africana.
8hortly before the start of this work the James Clarll Ross had to leave the area to go to
the assistance of another vessel, but a mesoscale survey was cornpleted by Africana. The
findings were that numbers of krill were genernlly exceptionally low throughout the
region.

The Falkland Islands' fisheries protection vessel Cordella was used in January for a
bottom-trawl survey of fish on the 8 Georgin/8hag Rocks shelf. A 8imrad EK400 sounder
was installed for the survey and achart record of the track covered during the survey was
obtained at 38 kIIz. This survey confirmed the dearth ofkrill recorded by thc other ships.
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Fisheries Acoustic Scimlcc and Tcchnology Issucs

Alaska Fisheries Science Center
Contact: .lim Traynor, Neal Williamson

Alaska Fisheries Science Center (AFSC) in Seattle has continued research on pollock
(Theragra chalcogramma) and whiting (Mcrluccius productus) in the northeast Pacific
Ocean. During 1988 and 1989 and again in 1991-1994, acoustic survey of the spawning
population of pollock have been carried out in January-March in the deep water portion
(>1,000 m) of the Bering Sea, and, in 1989, 1991-1994 including shelf waters of the
eastern Bering Sea. In 1993, in a multi-national effort, the survey area was expanded to
include the western Bering Sea and the Aleutian Basin. Annual surveys of the Gulf of
Alaska spawning stock in the Gulf of Aluska have continued through 1993. Target
strength studies of fish using the split beam technique continue and standard sphere
calibration is the primary calibration technique. Cooperative surveys of pollock in the
Bering Sea with the Japanese Fisheries Agency have continued.

Southeast Fisheries Center
Contact: Chris Gledhill

The Southeast Fisheries Center continued assessment and experimental work using a 38
and 120 kHz dual beam system. Activity in 1993 included: 1) a survey of reef fish; and
2) a fall fisheries acousticJtrawl survey for small pelugics in the western and north-central
Gulf of Mexico. Additionally, a pilot survey to estimate the abundance of spawning
Atlantic menhaden was conducted off the southeastern coast of the Vnited States in
conjunction with an egg/larval survey in December 1993. The data from the menhaden
cruise are not yet analysed.

Naval Research Laboratory
Contact: Redwood Nero, Richard Love

•

•

The Ocean Acoustics Branch of the Naval Research Laboratory is investigating ways to
improve Navy predictions of scattering from dispersed und aggregated fish. A major
emphasis is at swimbladder resonance, frequencies of 0.5 to 10 kHz. Routine •
measurements are made using a near-surfuce explosive sound source and a downwardly
directional receiver. Ongoing studies are:

1. A model aimed at using satellite remote sensing and historical databases of
fisheries information to predict the distribution and level of low frequeney
seattering from whiting, roekfish, and near surfaee pelagie speeies on the VB west
eoast. The effort includes developing theoretical acoustie models of low frequeney
resonanee seattering from fish schools. Tests are planned for summer 1995 in
conjunction with the Alaska Fisheries Science Center.

2. A sea surface seattering study in the Gulf of Alaska in 11areh 1992 using a
horizontalline al'l'ay also detected neul' surfnce snlmon. l\1ensul'ements gnve theil'
swimbladder resonance spectra and spatial distribution pattern over several km2

of oeean surface. Analyses are underway.
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3. An ucoustic survey of mesopelagic fish in the Arnbiun Seu is plunned for spring
1994.

Tracor Applied Sciences und Universitv of Southern California

•

In December 1993, the BITS mooring, which uses high frequency ucoustical sensors to
measure zooplankton biomass, was retrieved from the shelf slope break south of Los
Angeles, CA, where it has been operating since April 1993. This mooring uses VHF
telemctry to report volume scaUering strength measurements from seven discrete depths
to u shore bused computer, from which the dnta ure accessed by. severul cooperating
investigators at Tracor Applied Sciences (I1olliday und Greenlaw) and the University of
Southem Califomia (Pieper und Dawson). Temperature and light measurements are
reported on hulfhour intervals at each depth instrumented with acoustical sensors. Data
from several weather sensors are also included from instruments located on the surface
mooring. \Ve were unable to detect any substantial impact on the acoustical data from
the moderate fouling incurred during the deployment. It is anticipated that thc BITS
mooring will be deployed aguin in the same location in the lute winter 01' eady spring of
1994.

Funding hus been upproved for a secund BITS mooring to be used during the GLOBEC
field programme on Georges Bank. The initial deployment now scheduled for mid 1995.
This system will include sensors for up tu six 01' more discrete depths, each operating at
as many as eight frequencies.

Plans are advancing rapidly for deployment of two eight frequency zooplankton sensors
on a JGOFS mooring in the northern Indian Ocean. These sensors will be used to
examine temporal variability in zooplankton biomass and size structure as moduluted by
monsoon reluted physical forcing. Initial deployment of these sensors is planned for
October 1995. Two six month, back to back deployments are anticiputed to uchieve u fuH
annuul cycle. Research is also in progress at Tracor to develop and build a four frequency
acousticul zooplankton sensor for use on n Seasoar to yo platform to be used during
JGOFS cruises in the Indian Ocean. The most challenging part of this work is the design
of transducers in the multiple meguhertz operating range which will survey numerous
pressure cycles to depths of 300-500 m 01' deeper, while maintuining their culibrations.

Southwest Fisheries Science Center
• Contnct: Roger P Hewitt, Dnvid A Demer

Acoustic technology is used in u study of predutor/prey interactions in the Anturctic
marine ecosystem. The predutors are chinstrap penguins and southern fur seuls breeding
in the vicinity of Elephant Island, off the northem tip of the Antarctic Peninsula; their
principal prey is Antarctic krill (Ellphallsia sllperba). Aspects ofthe foraging ecology und
reproductive success of seals and penguins are studied at selected breeding sites.
Complementary shipboard observations are used to describe within and between season
variations in the distributions of krill, zooplankton, phytoplankton and water types.
during the 1993 field seuson, a Simrad EK500 echosounder was used by the Antarctic
Ecosystem Research Group at Nl\1FS's Southwest Fisheries Science Center to mup the
distribution ofkrill and to estimate its abundance. A 120 kHz split-beam trunsducer und
a 200 kHz single beam transducer were deployed on a dead-weight towed body from the
RV Surveyor. The acoustic system was also used to collect target strength measurements
on both individual and aggregated krill, as weIl as to direct simultaneous high-resolution
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net sampling. Following the field work, aseries of calibration experiments were
conducted using the anechoie tanks at the Acoustics Laboratory, Naval Post-Graduate
School in Monterey, California. In support of another field project that addressed winter
foraging strategies of seabirds in the vicinity of S Georgia, a Simrad EK500 echosounder
was used, with 38, 120 and 200 kHz transducers mounted in the hull of the RV NB
Palmer, to map the distribution of prey. In early 1994, acoustie surveys for krill were
again eonducted in the vicinity of Elephant Island using 120 und 200 kHz transdueers
mounted in the hull of the RV Surveyor and a side-Iooking 120 kHz transducer mounted
in a towed body. Additional experiments addressed fine-scale structure ofbackseuttering
across an oceanographie front, horizontal and vertical movements of krill aggregations,
und aeoustie classification of zooplankton taxa.

Cornell University
Contnct: Chuck Greene

Overall research interests are centred on the application of acoustie techniques to
fundamental problems in biological oceanography. In applying these techniques, an
emphasis is placed on improving oceanographie instrumentation as weIl as the
information teclmology necessary for managing, analysing, visualising and disseminating •
primary data and higher order data products. Recent research projeets have included
studies of trophie interactions involving krill in the Gulf of Maine and Southern Ocean,
as weIl as studies ofphysical-biological interactions associated with abrupt topography in
the oceanie Pacific.

Atlantie Oceanographie and Meterological Lahoratory
Contact: Peter OrhH"!r

Aseries offield tests ofa modular high-frequeney "scarch-light SONAR" were made in the
northern Gulf of Mexico and off the Florida Keys. Acoustie backscatter returns were
closely correlated with zooplankton abundance measured by the in situ camera system.
The final design has incorporated two sets of three independent frequencies each. When
software refinements are complete it will generate real-time size-frequency distributions
ofplankton populations. The system can be mounted on a l\10CNESS 01' other traditional
sampier to yield directly comparable data. Gulf of Mexico data gcncrated by the system
were used in a paper presented at the Estuarine Research Foundation meeting last fall.

The sonar was also deployed as part of an integrated biophysical sampIer towed at 8 kts
for a two day survey off the Florida Keys. It yielded real-time maps of all sensor
information CTD, fluorometer, transmissometer and acoustic backscatter at six
frequencies ranging from 256 kIIz to 3.0 Milz. Surprisingly an extended body of low
salinity water was found whose biological and physical characteristics confirmed that the
source was the l\1ississippi River. Thc data are thc basis ofa paper about to be submitted
to Science describing the observations and relating them to an unusual wind regime in
the Northern Gulf, an extreme northern position ofthe Loop Current and unusually high
summer discharge from the Mississippi in the wake of the widely-reported late spring
flooding in the midwest. Later in the year it was used to sampie larval fish predators and
prey in thc south Atlantic Bight as part of SABRE.
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South Carolina Marine Resources Research Institute
Contact: Chnrlie Barnns

A Traeor Aeoustic Profiling System ('rAPS) within a loeal estuarine inlet provided high
resolution, size specific information on plankton distribution in real-time. 'rhe four
frequency system is used to integrate plankton and physical data over long time periods
to investigate ingress of larval shrimp and blue crab megalope. The TAPS unit is being
deployed in collaboration with V Holliday und C Greenlaw of Tracor Sciences and
Systems.

An old military side scan sonar system (1.5 MHz), with resolution ofseveral centimetres,
is being renovated by Deep Seu Systems International Inc and may be demonstrated in
fisheries assessment applications during 1994. Meanwhile, offshore groundfish population
assessment continues to be based on traps with attaehed still camerus, while developing
an independenUinexpensive video "point count" system.

Woods Hole Ocennographic Institute
Contact: Peter Wiehe and Tim Stanton

• Scientists at the Woods Hole Oceunographic Laboratory have been working on the
frequency dependence of acoustic bacl\:scattering from zooplankton and micronekton and
the development of appropriate scattering models. Laboratory measurements have been
made ofa decapod shrimp species, a copepod species and various machined objects using
a laboratory sonar (50 kHz to 5 MHz) under development by Tim Stanton. The data are
used to develop and test scattering models of finite length elongated bodies with realistic
boundary conditions. The results show that the target strength of elongated zooplankton
can be predicted very weIl using a bent cylinder model. Later this year, they plan to use
the equipment to make measurements at seu of freshly captured specimens. 'Vork
continues on obtaining acoustic measurements with BIOSPAR (Bioacoustic Sensing
Platform and Relay) and other high resolution sensors for use on towed systems such as
l\10CNESS.

•
Northeast Fisheries Science Center
Contact: Mark Berman or .John Green

The Plankton Ecology Investigation Group of the Narragansett Laboratory has
undertaken a study of the small scale patchiness of the zooplankton on Georges Bank in
relation to water column structure. This work is designed to better assess the prey field
of larval and juvenile fish, and is supported by NOM's office of Climate and Global
Change and CLOBEC. The plankton distribution is being measured by the Tracor
Acoustic Profiling System (TAPS), which measures volume scattering strength at 256, 420,
1,100 and 3,000 kHz. Differences in volume buckscattering ut the four frequencies are
used to infer the number and sizes plankters us small as 0.4 mm with a sputial resolution
of about 1 m.

Preliminury results show thut in u stratified ureu ofGeorges Bank in Muy 1993, plankton
biomass was concentrated into patches having maximum concentrations ofbetween 300
and 500 cdm3

• These patches were usuully no more than a metre or two thick, and
locuted at the top of the thermocline. Their length ranged from less than 3 m to about
150 m. Plankton concentration between putches was very low «100 cc/m3

). Pump
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sampIes show that during this period Psuedocalanus millutus was the most common
copepod in the sampIe area.

A.ll NORWAY

Institute of Marine Research

Surveys

The acoustic systems EK500 and BI500 have been used on six research vessels for about
1,500 vessel survey days in 1993.

Development Projects/Activities

Deep Towed Body Project Phases 1 and 2
Contact Persons: J Dalen, IMR and 11 Bodholt, Simrad

Further development on the deep towed body concept continued in 1993, but was delayed
by financial reasons. Most of the work in connection with bringing parts of the EK500
into apressure resistant nose of the body is finished, as weIl as the communication part
to the vessel over an opticallelectrical cable. The main sea test of the full system will be
made in AprillMay 1994.

BEIIBI500. The Bergen Echo Integrator
Contact Persons: R Korneliussen. Egil Gna, IMR and H Naes, Simrad

The mapping/charting module for BI500 is now being tested. A system for manual data
input has been implemented, as weIl as a system for scrutinising multiple frequencies.
The last year has also been used to ensure a high stability on the system, needed for the
extensive survey work condueted by If\IR. About 650 GB of scrutinised raw data was
stored from the system in 1993.

Seismies and Fish

Several projects concerning seismic activity and fish were run in 1992, and have been
reported in 1993. These are:

a) Two projects to determine the effect of air gun sounds on eggs and larvae, one
experimental and one combined field and modelling project
Contact Person: J Dalen
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b) One project to determine the effect of seismic investigutions with air guns on catch
rates success and fishing availubility.
Contact Persons: A Eng,is, E Ona, A V Soldal and S L\lkkeborg

c) One project to determine harmful effects on fish from explosives.
Contact Person: Salsen

In Situ TS Measurements
Contact Persons: E Ona and I Huse, IMR

Measurements of target strength of herring have been conducted in 1993, with the goal
to measure the average target strength inside the dense layers in the herring hibernating
areas, where also the spawning stock survey is conducted. The measurements were made
from a rig, holding split beam transducers, scanning sonar and stereo single frame
camera. Supporting data from net penned herring and purse seining/acoustic comparisons
are also collected in 1993. The project aim is also to estublish routine procedures for in
situ TS measurements in general.

• Survey Design
Contact Person: K G Foote, IMR

Detailed mapping of the herring distribution during its hibernation phase in Ofotfjorden
was repeated in 1993, using two research vessels. Geostutistics are used to compute stock
coverage confidence intervals. Multiple frequencies 18, 38, 120 and 200 kHz have been
analysed für the same surveys.

Protruding Transducers
Contact Person: E Ona and H P Knudsen, IMR

Three of our research vessels have been equipped with instrument keels, protruding to
any length 2.5 to 4 metres below the vessel huB in order to improve the acoustic data in
bad weather. Two to four transducers have been mounted in the keels and systematic
trials have been made with respect to both vessel stability and transducer aeration.

•
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APPENDIX B: OUTLINE OF REPORT FROM THE STUDY
GROUP ON 'rARGET STRENGTH METHODOLOGY

1. Introduction

2. Definitions and terms

3. Single Beam echo sounders
3.1 Principle
3.2 Calibration

3.2.1 On axis sensitivity
3.2.2 Acoustic beam

3.3 Removal of beam effect
3.4 Effect of noise and th1'esholds involved
3.5 Example in detail

5. Split Beam echo sounders
5.1 Principle
5.2 Calibration

5.2.1 On axis sensitivity
5.2.2 Acoustic beam

5.3 Removal of beam effect
5.4 Effect of noise and thresholds involved
5.5 Example in detail

•

•

4.

6.

Dual Beam echo sounders
4.1 Principle
4.2 Calibration

4.2.1 On axis sensitivity
4.2.2 Acoustic beam

4.3 Removal of beam effect
4.4 Effect of noise and thresholds involved
4.5 Example in detail

Biological sampling
6.1 Recommended biological measurements
6.2 Discussion of sampling er1'ors

7. Briefsummary of other methods, integration and catch controlled experiments and
analytical methods

Specialised measu1'ements
Tracking
Multifrequency methods
Deep water towed vehicles/transducers

8. Single fish recognition criteriu.
8.1 General principles
8.2 Consequences of using the above.
8.3 Problems of multiple fish echoes being identified as a single target.



8.4 How to avoid problems of multiple target confusion

9. DiscussionlRecommendations
9.1 Comparisons
9.2 Identified future research
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