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I. OPENING OF TlIE MEETING

The meeting was chaired by D. Reid, R Aukland was appointed rapporteur. A fulllist ofparticipants is attached

2. BACKGROUND

The terms of referencc for SGETC as agreed at the FAST meeting (\Voods Hole, USA, 1996) and approved at
the ICES Annual Conference, Reykjavik, Iceland, September 1996 were:

Address and document aspects of fish aggregation, distribution and classification including:
i. Methods of classifying echo traces
ii. Comparison of the performance of these methods
iii. The effect of fish behaviour on the precision of c1assification
iv. The scope für integrating existing research programmes

The study group will report to the April 1998 meeting of WGFAST and to the Fish Capture Committee at the
1998 Annual Science Conference

2.2 The general background to this study group was presented in the report of the first meeting of the SGETC in
Hamburg, 15-17 April 1997.

3. ORGANISAnON OF THE MEETING

The meeting was organised to allow the presentation of draft sections of the report, consideration of these and thc
discussion and implementation of follow on work for the completion of the final report. Thc sections agreed for
the report and the section collators are given below.

A. Appropriate school descriptors (D. Reid)
B. Single and Multi-Beam Sonar (F. Gerlotto)
C. Wide band & Multi frequency soundcrs (DN MacLennan)
D. Post Analysis procedures (G Swartzman)
E. Data visualisation and analysis software (A Castellon)
F. Data exchange formats (I McQuinn)
G. l\10del simulations to provide beam correction parameters (N. Diner)
H. Comparison of analysis methods (D Reid)

Additionally, the meeting included the results of an echogram scrutiny workshop held at the Herring Survey
Planning Group in Bergen, Norway, January 1998.

3.1 Standard Set of Appropriate Descriptors for Echo Trace Classification

A draft report on appropriate descriptors for echo trace c1assification was presented by D Reid. The descriptors
were defined at three levels of resolution: school level, ESDU (Elementary Sampling Distance Unit) level and
regional level - see Appendix I

While the protocols proposed for the descriptors were generally accepted, this presentation led to a general
discussion revisiting the concept of «what is a school~. It was agreed, as in previous discussions, that no exact
definition of a school was possible, as it would vary from situation to situation.. It was agreed that the parameters
used for identifying a school in any particular situation (but not their minimum values) should always be height,
width and energy. The chosen values should be regarded as the definition of a school in that particular situation
ONLY and these definition criteria and the acquisitionlanalysis threshold should be an explicit part of the
presentation of any analysis.

It was recognised that the acoustic image could not be regarded as a picture of the true school due to the intrinsic
limitations of the acquisition equipment (see section 3.7). In this context it was also recognised that no rigorous



definition existed of a biological school. It was agreed that given these conditions the acoustic image could be
regarded as directly related to the aggregative behaviour of the fish. Some aggregation patterns such as layers or
continuous aggregations along contour lines (esp. Shelfbreak aggregations) cannot be defined in the same simple.
height amI width terms as single discrete schools. They would tend to have multiple values for these parameters
as weil as e.g. for dcpth. The ESDU level parameter acquisition proposed allows the inclusion of layers in any
analysis. However. continuous aggregations along contours are not generally prone to characterisation in the
context of a transect based survey. The study of such aggregation should be regarded as a special case and treated
scparately. In his context it was recognised that most of the data sets available would be from assessment driven.
transect surveys carried out with vertical echosounders. and were not directed studies of school structures per se.
The descriptors defined here should be generally applicable for both directed school studies and for the future use
of multi beam instruments (see Appendix 2) allowing the extension of school parameter acquisition to include a
third dimension for the schools.

3.2. Single and Multi-Ileam Sonar

This presentation constituted a review of the existing knowledge and State-of-the-art for the application of sonar
technology to the study of echo traces (sec Appendix 2). The presentation included an introduction defining the
history of these approaches and the terminology. The draft included sections on single beam sonars. multi-beam
horizontal sonars. side scanning, multi-beam sonars and a section on the future development of sonar. Each
section included a consideration of the methodology, its application in echo trace research, it's limitations and its
potential future uses.

It was agreed that the draft was highly useful and appropriate for inclusion in the final report largely as it stands.
F Gerlotto will complete the text in collaboration with E Simmonds. 0 Misund and S. Georgakarakos for
incorporation into the final report.

3.3. Widc band & Multi frequency Sounders

At the first meeting of the SGETC it was agreed that the report should include the state-of-the-art on thc
application of wide band & multi frequency sounders. This section was to be coordinated by D MacLennan.
Present and past workers in this field were contacted and asked to complete a questionnaire on their activities.
Fourteen replies were received and the collated results were presented to the meeting by D MacLennan see
Appendix 3.

It was agreed that thc work in this field was still experimental but that it may havc great potential in thc future. D
MacLennan, in collaboration with A Brierley & V Holliday, agreed to dcvelop thc draft report prcsented at this
meeting for inclusion in thc final rcport

3.4. Post Anal)'sis Procedures

•

At thc prcvious meeting of thc SGETC it was agrecd that thc report should includc a scction on thc current post- •
processing mcthodologies used in thc community of the analysis of parameters derived from the analysis of
acoustic survey data. Thc methodologies and thc person identified to ""Titc each scction werc as folIows:

Point processes (P Petitgas & M Soria)
Geostatistics (P Fernandes)
Generalized Additive Models and clustering techniques (0 Swartzman)
Neural Networks (S Georgakarakos & J Harabolous)
Discriminant Analysis (A Brierley)
Baycsian Approaches (c. Scalabrin. Y Simard & G Swartzman)

At thc present meeting it was agreed that this list should also includc categorical analysis and P Petitgas agreed to
producc a section on this. Submissions werc prepared on a11 but thc Baycsian approaches. Howevcr, it was agrec
that the drafts wcre generally not weil enough developed for general presentation. It was agrced that the chairman
would liaise with the authors to complete the sub-sections in a suitable form for inclusion in the final report. It
was agreed that each sub-section should follow thc following format:
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• A brief general description of the methodology with key references
• A description of its advantages and 3pplication to fisheries and particularly echo trace

c1assification studics, with kcy rcfcrcnccs
• A dcscription of its limitations

These will be collated by the chairman and an overview prepared in consuItation with thc authors.

3.5. Data Visualisation and Analysis Software

It was recognised at the previous meeting that a wide variety of data visualisation and analysis software was in
use in the community and that it would be of great use to know what these were and what they did. To this end a
questionnaire was prepared and circulated to all groups known to havc or to bc dcveloping such softwarc. A
Castellon presented the collated results of this process and these findings arc presented in Appendix 4.

Nineteen responses werc received to thc questionnairc. Additionally onc further contribution was identified at this
meeting. Thc results havc been tabulated and organised to present thc characteristics of each system. Thc
intention here is not to present an analysis of the relativc quality of each system but to allow thc rcader of thc
report to be aware of what has been done to datc and how to find out morc if required.

It was agreed that this compilation would be valuable to anyonc planning to dcvclop such softwarc themselvcs or
who wished to acquirc sueh softwarc. A Castellon agreed to obtain details of thc system identified at this meeting
and to incorporate this into a completed section for thc final report.

3.6 Data Exchange Formats

It was agreed at the previous SGETC meeting that a critieal factor in thc dcvelopment of rcsearch in ccho tracc
c1assification was a thc dcvclopment of a common data exchangc format. Thc need for this is highlighted in
seetion 3.8 below. It was agreed that thc development of such a format lay outsidc thc scorc of this study group,
and that it is a highly complcx and diflicult disciplinc in itself. Furthermore, it was known that such a format was
being developed by thc Canadian Department of Fisheries and Oceans.

I McQuinn presented thc eurrent state of development of thc Canadian system. Thc format is based around thc
usc of data tupIes held in a ncwly dcveloped .hae filc format. A fuller description of this system is to bc prepared
by I MeQuinn for inc1usion in thc final report. It was noted by thc group that this format was being implemented
in the latest versions of the IFREMER analysis software MOVIES+. It was agreed that this format looked very
promising as it incorporated many of the required elements, was freely adaptable and contained good provision
for future proofing. While it is not the role of this SG to endorse such a format, it was agreed that this design
would bc very useful to thc purposes of this group and that the usc of this format should bc explored for the
exchangc of aeoustie survey data, particularly with referencc to studies on thc comparability of different analysis
systems (sec section 3.8 below). It was feit that an examination of thc .hae filc format for this exercise would be a
useful pilot study prior to any decision for a more formal adoption by the wider acoustie community

3.7 Model Simulations to Provide Beam Corrcction Parameters

It waS agreed at the previous SGETC meeting that an important problem in the development of the study of echo
traces (schools) using acoustie survey data waS the absence of suitable algorithms for the correction of the
perceived shape and energy of a school for distortions introduced by the sounder beam pallern. N Diner & C
Scalabrin were asked to examine the possibility of developing such algorithms amI to report on these at the
prcscnt mccting of SGETC. N Dincr prcsented a comprehcnsive and scholarly study on this mattcr (sec Appcndix
5). It was conc1uded that it was possible to make corrcetions to the pcrccived horizontal dimensions and to the
volumc back scattering strcngth of the school.

3.8 Comparison of Anal)'sis Mcthods

It was agrccd at thc first mceting of SGETC that it was important to be able to comparc thc performance of the
different software analysis procedures for echo trace descriptor acquisition which are currently extant. To this end
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it was agreed that a data file exchange and analysis exercise should be set up. Each of the active groups would
attempt to identify the «objects» in each of the data sets and to extract the standard set of descriptors (see 3.1) for
th~se schools. The aim of his exercise was to allow comparison of the acquired descriptors from analysis systems
which implement different algorithms directed at the same ultimate objective. Inter system differences lie both in
details of algorithm and in differences of approach. The most important of these is between the «image» based
approaches e.g. MLA and the «ping» based approaches. The exchange was set up and images collated by R
Aukland at Marine Laboratory, Aberdeen & B. Lundgren at DIFfA. These were then circulated to the various
groups active in his field. It was found that there were insuperable difficulties in converting image data between
analysis platforms. This was despite the substantial amount of work put into standardisation and eommon
archiving prior to the data being sent to the groups. As a result it proved impossible to complete a meaningful
analysis of the differences between these systems. This was despite the substantial amount of work put into
standardisation and common archiving prior to the data being sent to the groups. The group acknowledges this
effort, mainly by R Aukland and B Lundgren, and would like to emphasise that the subsequent problems are not a
renection on them.

It was recognised that this problem highlighted the lack of a suitable data exchange format for acoustie survey
data. The definition of data exchange formats were included in the work of the SG, and to this end the group
examined the work being earried out on this subject by the Canadian DFO (See 3.5). Given the absence of any
other well documented standard format, and given that the Canadian .hae format has already been adopted by
some of the institutes involved in this study, it was agreed that this was a suitable, interim, exchange format to
allow the comparison exereise to be carried out in the near future. All the active groups agreed to determine if this •
format could be implemented on their systems and if possible to do so, before the next FAST meeting. As a
consequence, it will not be possible to include the results of any tests of the relative performance of the different
systems in the completed study group report. It was agreed that if the implementation of the .hae file data
exchange format was successful for these systems, that a workshop should be held thereafter to test the relative
performances of these systems.

It was agreed that a qualitative and quantitative analysis of the relative performance of the various systems
remained of prime importance. It was also agreed that the differences lay nit simply in system performance, but in
the perception of the operator as to ..what is a school» in different situation. To this end it was proposed that a
workshop should be held to examine these quest ions. It is suggested that the workshop cover two separate
aspects of the echo trace classification procedure. At the first level, the operators should work on data sets which
are provided without any additional information. This can be regarded as a «blind» experiment amI will test the
performance of the operators in defining "what is a school» in a variety of different situations. At the second level
the operators will be required to extract the descriptors from a defined subset of the schools in the provided data
sets. The precise extraction criteria e.g. energy threshold, will be defined for each data set.

A presentation was made by P Petitgas on some comparative exercises carried out within the EU projecl
CLUSTER which was reported on at the previous SGETC meeting. These covered two main areas. The first was
an examination of the impact of using different energy thresholds in the analysis stage. Attention was focussed on
the suitability of the use of a -60 dB threshold value. Such a threshold is in standard use in analysis systems such •
as MOVIES+, and has been proposed by C Scalabrin as a suitable optimum threshold given that the schools being
studied have a volume back scattering strength in the region of -40 to -45 dB. The outcome of the studies, mostly
based on work done at MLA and at IFRE~1ER was that the value of -60 dB was suitable. It should be emphasised
that this conclusion applies ONLY to the specifie situations examined. However, it was agreed that an analysis
threshold 15 dB less than the mean school volume back scattering strength was a valuable guide for the
application of such systems.

It was agreed that the operators of the existing echo trace c1assification systems, should each prepare a document
describing the system and it's methodology, with an appreciation of its abilities and limitations. These will be
collated by the chairman who will also provide an overview which compares and contrasts these systems.

3.9. Results of the ..Scrutinp Workshop

A major aspect the of debate on ..what is a school» was addressed at an echogram scrutiny workshop held in
Bergen January 1998...Scrutiny" is that element of the analysis of an echogram where the operator decides which
echotraces in the echogram are the species of interest. In many cases this means that the operator is deciding
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which of the echotraces are the schools of the species of interest. This question is regularly debated in any forum
where the topie of echo trace classification is raised. It was therefore feit that the results of the workshop were
relevant to the work of SGETC. The workshop involved a number of teams making independent ehoices as to
what were the schools in aseries of echograms from a number of different surveys. The results were then collated
to illustrate the level of agreement between the different operators. The important message from this analysis was
that, given appropriate trawl data, experienced but naive operators generally identified the same schools as being
of the species of interest. A copy of the report from this workshop is presented as Appendix 6

It was noted that the exercise eovered data sets from a restricted geographical area. was directed at only one
species and was conducted in the context of a stock assessment survey, and not specifically school acquisition. It
should be noted that the circumstances of the study represented a worst case scenario, as the scrutiny was by
naive operators ami in these surveys in general 80-90% of the aggregations eontaining the speeies of interest
would have been trawled on, and better informed decisions generally taken. In the discussion it was pointed out
that the analysis might have been more appropriate if the deviations between the analysis teams had been
considered as representing a bias and not a variance. This will be considered prior to the report being prcsented in
complctcd form. It was agrecd that while some of the findings of this report were important to the work of the
SGETC, it was not appropriate to include it in the final documcnt.

4. RECOMI\1ENDATIONS

4.1. It was agreed that considerable progress had been made in most areas of the SGETC remit. It is
recommended that thc SGETC continuc by eorrespondencc. It was agreed that all completed draft scctions be
sent to the chairman by 30th November 1998 at the latcst. Thc chairman will then collate these and circulate thc
completed document to all authors. It is recommended that there be a final editorial meeting under the
chairmanship of Dr. D. Reid during the FAST meeting in St lohns, Canada in April 1999. This meeting will be
solely for editorial purposes and will not be an open meeting as was the case with previous SGETC meetings. The
chairman agreed to circulate all contributors in May and September, to remind thcm of their responsibilities!

4.2. The group recommended that the terms of reference remained unaltered. The SGETC will report to the April
1999 meeting of the WGFAST and to the Fishing Technology Committee at the 1999 Annual Science
Conference.

5. CLOSURE OF THE MEETING

5.1. The chairman thanked the hosts, Instituto Espanol Oceanografico - A Coruna and particularly Pablo Carerra
for his support and enormous effort. The chairman also thanked the participants for their efforts and for the
enthusiastie participation in the meeting.
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Appendix 1

: l'

Standard Protocols for the analysis of school based data from echosounder
surveys

D Reid" C. Scalabrin2, P. Petitgas3, J. Masse4 , R. Aukland 1, P. Carreras, & s. Georgakarakos6

l. SOAEFD Marine Laboratory Aberdeen, Victoria Rd, PO Box 101, Aberdeen ABI I 9DB, Scotland, UK.
2. IFREMER, BP 70, Plouzane, Brest 29280 cedex, France,
3. ORSTOM, Centre de Montpellier, 911 avenue Agropolis, BP 5045,34032 Montpellier cdx I, France.
4. IFREMER, Rue d'lIe d'Yeu, B P 1049,44037 Nantes cedex 01, France.
5. IEO, Muelle de Animas, s/n, Apdo. De Correos 130, 15080 La Coruiia, Spain
6. Institute of Marine Biology of Crete, Main Port Heraklion, Research Buildings, GR-71 003 Heraklion, Greece

Abstract

This paper presents a set of standard extraction parameters and protocols for the use of image analysis techniques
in the processing of echo-sounder data. The paper includes parameters at the the school, sampling unit (ESDU)
and regional levels. The schoollevel parameters, which are mainly derived from the image analysis, fall into four
main categories; positional, morphometric, energetic and environmentaI. At the sampling unit level (i.e. standard
integration units, commonly I or 2.5 nautical miles) parameters used include; school structures, protocols for
including layers and general scatter plus ancillary (e.g. environmental) variables. These variables are derived
mostly from visual examination of the echogram and from ancillary data collected underway. Regional level
parameters include those mapped from point sampies e.g. trawls or which are available as maps. Each school thus
has its own unique parameters, and is associated with an ESDU and through that to regional data. We discuss the
application of such databases to the analysis of echo surveys at a schoollevel, in relation to aggregation patterns
(school, school cluster & population) and to changes in those aggregation patterns with stock bimass and
exploitation pattern.
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INTRODUCTION

Ever since the introduction of acoustic methods for the quantification of fish biomass there has been an interest in
what other sorts of information can be extracted from acoustic surveys. One of the most obvious is the study of
the fish schools as seen in echograms. Data on the school's size, shape, structure, position and immediate
environment can be extracted. These can then be used, for instance, to give information on species make up or on
the mesoscale distribution of the fish; the pattern of fish aggregation into schools and the c1ustering of those
schools. Particularly important in the fisheries context is how aggregation patterns have changed historically in
relation to stock level, exploitation pattern and the environment, and what impact this has on commercial fishing
and assessment surveys. This approach is the subject of a current European Union (FAIR) research project
entitled "CLUSTER" involving the present authors. To investigate these phenomena we have designed a protocol
for the extraction of a standard database incorporating data on the school itself, its immediate surroundings and
its wider context.

The most common approach to extracting data from echograms at the school level has been to use image
processing algorithms or software applied to digital echogram data collected transmission by transmission and
with the return signal from each transmission collected in a number of depth bins. The data can then be treated as
an "image" analogous to a visual image acquired using a frame grabber. Each pixel in the "image" representing a
single depth sampIe from a single transmission. Again a variety of approaches can be adopted to this process. The
most common approaches are to analyse the data either transmission by transmission, or frame by frame, where a
frame is made up of a number of transmissions. Detailed descriptions of these methodologies have been published •
elsewhere (Richards et al 1991; Harabolous & Georgakarakos 1993; Reid & Simmonds 1993; Diner et al 1994;
Scalabrin et al 1996; Swartzman 1997) and it is not our intention to examine the image processing methodologies
here.

A number of papers have been published in recent years describing the results of the application of image
processing to the extraction of school parameters. \Vhile in general these studies have used the type of algorithms
described above they have involved the extraction of a wide variety of different school parameters. The type of
parameter extracted from the image analysis process can be c1assified into 4 different groups;
• Positional - temporal, geographical and vertical (Le. position in the water column)
• Morphometric - shape etc
• energetic - total energy returned and indices of internal school variation
• environmental - water depth

To place the extracted schools in their proper geographical and environmental context, it is also necessary to
combine these school specific parameters with a range of appropriate biological and environmental parameters.
In some cases these will be available in sufficient resolution to be applicable at the school level e.g. species
composition of the schoo!. In most cases this type of data will only be available at a coarser spatial resolution.
The next level at which data is available is usually at the ESDU (Elementary Sampling Distance Unit) level. This
is a distance over which the acoustic survey data are integrated to provide a single sampIe. In most cases this •
would be in the order of 1 - 5 nautical miles. We, therefore, propose here that, in addition to a database of schools
and associated parameters, the researcher also produce an ESDU level database, containing information which is
only available at this wider spatial scale, or which is more appropriate to collate at this scale. With cross
referencing, the individual school can then be considered in the context of the appropriate ESDU. Further, some
data are only available on a wider scale again, usually in the form of point or station data, or mapped data sets -
regional data sets. Examples of mapped data sets would include remote sensing data or seabed substrate maps.
Using either mapped or gridded interpolated data it is then possible to cross reference the ESDU database to the
wider spatial scale. This can be considered as a 3-tier nested structure. Each school will have a set of unique
associated parameters. It can be placed in the context of an ESDU which will allow the inclusion of further (but
no longer unique) parameters which in turn is placed in the context of maps or gridded data at the third spatial
scale.

The aim of the present paper is to describe this process and the most appropriate set of parameters to extract. The
school level parameters chosen can be described as primary parameters, Le. they cannot be derived indirectly
from any of the other parameters. These schoollevel parameters will mostly be derived from an image processing
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type analysis. At the ESDU and mapped data levels the parameters wil1 mostly be obtained from ancillary data
sourees.

The authors of the present paper have been working in the field of image processing of echograms and rebting
these findings to the environment for some years (Harabolous & Georgakarakos 1993; Reid & Simmonds 1993;
Diner ct al 1994; Scalabrin et al 1996; Masse et al 1996). The primary parameters described here have becn
chosen by the authors as being the most useful over a wide range of different aggregation patterns and as
presenting a relatively simple extraction task.
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METHons

We define thrce levels of data extraction
1. The school level - parameters associated with each individual school - mostly derived from image

processing of the echograms
2. The ESDU level - where parameters are extracted over a fixed distance of the survey track - mostly

derived from analysis (mostly manual) of the echogram as a whole, but including data from ancillary
under weigh data collection e.g. Thermosalinograph data (ESDU - Elementary Sampling Distance Unit)

3. The region level - parameters which are only available in mapped from over large parts of the survey
area, e.g. satellite temperature or sea colour data, or derived from point sampies e.g. trawl hauls or CTD
stations.

Each level is appropriate for different types of data and all are relevant to the understanding of school typology
and its relationship to its local and wider scale environment.

Schoollevel parameters

It is assumed that the echogram will be presented for analysis as a raster image with each pixel representing a
single sampie from a single transmission. In the text we will henceforward refer to these as pixels. A pixel will
have a standard set of properties defined by the performance of the system; transmission rate, sampling rate, •
operating frequency and vessel speed. These are:

Ph The vertical dimension of a single sampie. This is taken to be the time separation
between adjacent sampies (in milliseeonds) multiplied by the speed of sound in water

(m.fis· t
).

Pw The horizontal dimension of a single sampie. This is taken as the distance travelled by
the vessel between adjacent transmissions.

Pcsa The cross-sectional area of a single sampie (Ph * Pw)'

Sehoollevel parameters fall into five general eategories:
• Positional - temporal, geographical and vertical
• Morphometric - shape etc
• energetic - total energy returned and indices of internal school variation
• environmental - hydrographie and physieal (seabed substrate and topography)
• biological - speeies, age structure, other species ete.

Positional parameters (SPsubscriPt)

The positional parameters are defined either in terms of latitude, longitude and date/time in the vertical plane or
depth in the horizontal. On the echogram, each school is defined as having a vertical and a horizontal beginning
(ßv & ßIl) and end (Ev & Eil)'

In the vertical plane, the beginning (8v) is the first transmission on which the school was detected and the end
(Ev) is the last transmission. Some echosounders record data digitally, transmission by transmission, with each
transmission tagged with navigation data, usually from a aps navigator system. Alternatively, the position of a
particular transmission can be interpolated from whatever navigational data is available. The school position is
defined as either the mean of date/time (SPtime), latitude (SPI.. ) and longitude (SPion) of ßv & Ev or as the mean of
the date/time, latitude and longitude of all transmissions berween ß y & Ev. The choice will depend on how much
trust can be placed in the validity of the navigational stamp. The time is determined in the same way from the
navigational data associated with each transmission.
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In the horizontal plane the beginning (BH) is the shallowest depth sampIe in any transmission in which the school
was detected and the end (Eil) is the deepest sampIe. The horizontal school position (SPdcP) is defined as the mean
ofB II and Eil'

Morphometric parameters (Sl\lsubscripl)

•

1.
2.
3.
4.

5.

School Height (SMh): The distance (number of pixels * Ph) between BIl and Eil expressed in meters.
School Width (SMw): The distance (number of pixels * Pw between B. and E. expressed in meters.
School cross sectional area (SMcs.): Pcsa multiplied by the total number of pixels in the school (PlOt).
Centre of rotation: Three values:-
i. Mean latitude of all sampIes in the school (SMcr_1at)

ii. Mean longitude of all sampIes in the school (SMc,_I"n)
iii. Mean depth of all sampIes in the school (SMcr-dt'p)
While these are essentially positional parameters, they are included under morphometric as they are an
expression of the deviation of the actual shape from an ideal circle.
School perimeter (SMp): The perimeter of the school should be expressed in meters. It should be
remembered that the pixels, i.e. the sampIes have different vertical and horizontal dimensions (Ph & Pw)'
The image processing system used is expected to be able to produce an outline description. This will
usually be aseries of x & y coordinates of successive pixels around the perimeter of the school. The
procedure should then be to define an algorithm to "walk" around the perimeter pixel by pixel. Choosing
a starting pixel, the algorithm willthen look for the next pixel, and calculate the x and '! displacement to
that pixel. If the displacement is in only one direction (x or y) the perimeter value is incremented by the
appropriate value (Ph in the x axis and r in the y axis). Ir the displacement is in both directions i.e.
diagonal the perimeter value should be incremented by:

This should then be continued for a11 perimeter pixels.

Roughness of the school perimeter (SM,): This is expressed as the Coefficient of Variation (CV) of the distance
in all directions between a perimeter sampIe and the centre of rotation. As in the perimeter value calculations,
each distance should be calculated using; the horizontal and vertical dimensions of the pixels (Ph and P.) and the
x and y displacement in pixels (P. and ~) between a perimeter sampIe and the centre of rotation, using the
relationship:

Energetic parameters (SEsubSCriPt)

I. The total acoustic energy from the school (SEhIt) : Calculated from:

where: PE; The energy (voltage squared) from the ith pixel.
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2. The average pixel energy value (SE.v): Ca1culated from:

3. The variability in the pixel energy values within the school SEcv: Ca1culated as the CV
4. Ccntre of mass: Again, as in the ca1culations for the centre of rotation, these parameters are expressed as

positional data (Iatitude, longitude and depth of the school). These data can be compared to the
positional data (SPlat SP 10" & SP dcp) and to the centre of rotation data (SI'v\,.lat' SI'v\,.lo" and SI\1'-dCp)' The
centre of mass is ca1culated as weighted average of the latitude, longitudcs and depths of all the pixels in
a school. The weighting is by the energy of each pixel relative to the total.
Mean weighted latitude of all sampIes in the school (SEcm.lal)
Mean weighted longitude of all sampIes in the school (SEcm."m)
Mean weighted depth of all sampIes in the school (SeCm-dCp)

L
PE.

((--')*lOO*PP.)
PE I

SE = tot
pos 100

where:

=
=

the mean weighted latitude, longitude or depth of the school
the mean weighted latitude, longitude or depth of the ith pixel

School Em'ironment (SDsubscript)

I. Minimum depth of the seabed under the school (SDmin)
2. Maximum depth of the seabed under the school (SDmax)

ßiological parameters

Biological parameters cannot be extracted by the image analysis procedure. However, in many implementations it
is possible to tag individual schools as belonging to a particular species, or species assemblage. This will depend
on the information available to the researcher and his depth of understanding of the fish distribution and biology.
Under special circumstances the researcher mayaIso be able to tag schools as belonging to a particular age or
length class of a species. The authors feel that in general, biological parameters are best dealt with in this type of
analysis at a wider spatial scale, either at ESDU or regional levels.

ESDU level parameters

The elementary sampling distance unit or ESDU is the distance (time) over which acoustic data are integrated to
form a single sampie (Maclennan & Simmonds 1993). Many potential data sources which are difficult or
impossible to express at the schoollevel, may be beuer presented at the ESDU level. Each individual school can
be easily associated with an ESDU by means of time, date and position.

Again these fall into aseries of categories:
1. Position
2. Energy
3. Hydrography
4. Acoustic typology
5. Sea Bed

12



Positional parameters

I. Date amI time: at the centre ofthe ESDU ifpossible
2. Yessel Log: number of clapsed mi/es along survey track: at the ccntre of the ESDU if possible
3. Latitude: at the centre of the ESDU if possible
4. Longitude: at the centre of the ESDU if possible

Energetic parameters

At the simplest leycl this would be the total echo-intcgral for the whole watcr column across the ESDU. With
some systems (e.g. SIl\tRAD EK500) it may be possible to divide the integral into sub-categories. E.g. the ceho
integrals from fish (either total or by species) or plankton. It mayaIso be possible to sub-divide these into depth
layers e.g. the echo-integral from fish in a layer IOO-200m. The decision on how detailed such sub-categorisation
should be will depend on the particular situation. As a minimum we would recommend that a total integral
subdivided between plankton and fish be included where possible. This should allow the comparison between
schools from different areas dependent on the local fish or plankton biomass.

Hydrographie parameters

Most research vessels will record sea surface temperatures and salinities (SST & SSS) under weigh during the
• survey. The mean SST & SSS should be recorded for each ESDU.

Acoustie t)'pology

Scallered fish: ESDU characterised by large numbers of single fish echoes where the fish are not
aggregated into structures
Fish in schools: ESDU characterised by a number of discrete und identifiable schools. This information
can come direct from the school database described above. Jnstead of a binary factor this could be
recorded as the number of schools in that particular ESDU
Fish in aggregations: In some echograms fish can be seen to form into loose aggregations, which are
diflicult ur impossible to define using the JA approach. These are often diffuse and of a fairly low energy
level and with pixel Sv values close to the recording threshold. Such aggregations are often described as
"clouds".
Fish in pelagic layers: These are often fairly dense layers of fish in mid-water which can continue for
many miles. Such layers are difficult to describe using frame/image based JA systems. There are often
apparent small breaks in such layers. We feel that such structures, even if they can be handled as aseries
of separate schools are best seen as a layer structure. In this context it should be remembered that the
echogram is effectively a slice through the water column. A layer, even if it has occasional breaks, is
probably best represented in three dimensions as more like a pancake with occasional holes through it.
The breaks 1.10 not represent separations between discrete groups but thinner areas of the overall
structure.
Fish in demersallayers: These can be considered as similar to the pelagic layers but occur close to, or in
contact with the seabed. The same arguments about spatial continuity hold for demersal as for pelagie
layers.
Other: we have attempted to define the major aggregation patterns experienced by this group of authors,
however, it is inevitable that other patterns exist and they should be incorporated in this part or the
database.

Many details of the fish distribution within an ESDU will be lost if the data acquisition is restricted to only those
schools whieh are picked up and retained by the image analysis process. Some aggregation patterns will also not
be amenable to image processing systems, e.g. long continuous layers. We would recommend that the ESDU be
assigned a typology dependent on the behaviour of the fish aggregations within it. This addresses the question of
how the immediate surroundings relate to the aggregation patterns of fish, e.g. 1.10 schools behave differently when
"alone" than when in clusters. These would fall into 6 categories, eaeh recorded as a presence or absence, binary,
faetor:
I.

3.

2.

4.

5.

6.

•
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Sea bed parameters

The topography of the seabed is weil known to have an important cffcet on thc loeal spatial distribution of fish,
particularly demersal or semi-demersal species. The ESDU can be charaetcrised in a number of ways:
1. Water depth: Expressed as the average depth of the the seabed in the ESDU. Where the echosounder is

able to record the depth transmission by transmission, this should be the average of these values across
the whole ESDU. Where such data is not available this value could be manually assigned based on visual
examination of the echogram.

2. Roughness of thc seabed: This is an expression of how variable the seabed appears in this particular
ESDU. We have defined four categories:

F1at: Generally continuous - with little or no change
Undulating: Characterised by relatively small changes over the ESDU
Bumpy: Characterised by more marked changes over the ESDU
Spikes: Characterised by rapid and dramatic changes in depth over the ESDU

3.

4.

These descriptions are obviously highly subjective. Wehave restricted the descriptions to four
categories for this reason. The first and last represent the extremes, and the other two the transitional
state. If depth data are available on a transmission basis it would be possiblc to include a CV value of the
seabed depth as a more objective seabed roughness parameter.
Siope of the seabed: Again this is a subjective parameter, and so we have opted for three categories: flat,
medium and steep. These should be defined in terms of the range of slopes encountered during the
surveys to be studied. In combination with the roughness parameter, this should adequately express a
useful range of different types of seabed.
Seabed substrate: a number of acoustie instrumentation packages are now available to allow remote
seabed substrate discrimination, e.g. RoxAnn (Chivers & Burns 1987, Schlagintweit 1993). Alternatively
visual examination of the echogram is often sufficient for the experienced user to determine if the seabed
is soft or hard Le. mud or rock. Based on experience in both domains we would recommend four
substrate categories: Soft (muds and sands), medium (gravels and small stones) and hard (boulders and
rock). Additionally, a mixed category should be inc1uded where more than one of these types occurs
within one ESDU. Again without a weil groundtruthed discrimination system, this will be a subjective
interpretation, but should still prove valuable. .

•

Strata or regionalised parameters

Some data which may be important in the understanding of fish aggregative behaviour will only be available in a
regional or strata form, not at the school or ESDU level. The most obvious examples would be biological data
derived from trawl hauls during the survey e.g. species assemblage, age or length frequencies. These are
effectively point data, but can be interpolated to give maps over the entire survey area. Plankton tows and CTD
(conductivity, temperature & depth) station or vessel log book data on weather (wind speedldirection and sea
state) data have similar characteristics. Other parameters such as satellite derived data on SST or sea colour will •
only be available in a mapped format. In all such cases, the requirement is to be able to give each ESDU a value
based on such mapped or point data.

There are two methods for handling such data. In the first the data can be reduced to aseries of strata. For
example, CTD data might be used to define three types of hydrographie stratum: mixed waters, frontal zones and
stratified waters, based on presence and type of thermocline. Each ESDU could then be assigned to one of these
three strata. Alternatively the data could be transformed to a grid using a commercial software package such as
SURFER (Golden Software, Colorado, USA). This grid could then be used as a look-up-table, from the ESDU
file. Each ESDU could be assigned the value at the nearest node on the grid.

The data sets which wc feel are most important in the study of fish assemblage patterns are:
I. Biologieal, derived from trawl hauls: Presence or absence of common species, age and length

compositions, maturity state.
2. Biological, derived from plankton tows: Presence or absence and abundance of major food or indicator

species/taxa.
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3. Hydrographie, derived from CTD stations: Presence/absence, depth and gradient of thermocline and
presence/absence of major water types defined from TS profiles.

4. Hydrographic, derived from sa'tellite data: SST and ocean colour.
5. Meterologieal, dcrived from vessel log or weather service maps. Occasionally this type of data may be

available at the ESDU level.
6. Anthropogenie: Fishing aetivity and exploitation information
7. Seabed substrate, derived from hydrographie service maps.

DISCUSSION

The aim of the present paper is to provide users and potential users of image proeessing systems for applieation
to cchogram data with a standard framework which should allow a direct comparison of results from different
species and situations. The image processing technology andlor software used is deliberately not covered here.
The potential user ean either design their own algorithms and programmes or ean build an applieation based on
commercially available software packages. There is a wide range of appropriate paekages available, and trial
versions are often available over the World Wide Web.

The parameters we have described here are not all inclusive. At the schoollevel, we have chosen a restrieted set
of parameters. The choiee was made to provide as wide a range of descriptors as possible, Le. covering as many
aspects of the school as possible, while avoiding those which were likely to be correlated. Ease of extraction and
calculation was also a eriterion. At the ESDU and regional level, we chose those parameters which have been
shown to have an effect on the distribution and behaviour of some specics.

There are two main research applications for the type of school database described in this paper; species
identification and the study of aggregation patterns. For the purpose of species identifieation it is assumed that
partieular species will displaya specifie range of schooling behaviour patterns which are characteristie and
diagnostie. This approach has been examined by Richards et al (1991), Reid & Simmonds (1993), Harabolous &
Georgakarakos (1993), Diner et al (1994) and Darange (1994). While some suecess has been achieved,
partieularly where only a few species are involved (Richards et al 1991), there ean also be considerable
diffieulties (Sealabrin et al 1996). The seeond main application is for the study of fish aggregation patterns
themselves. In this approach the fish schools are assigned to species (where possible) based on trawl hauls and
the operators experience. The main interest is then in how the schools themselves vary under different
oceanographie, biologieal or anthropogenie scenarios. Examples of this type of approach include; relationships to
seabed topography (Richards et al 1991); spatial and temporal variability (Scalabrin & Masse 1993);
relationships to environmental parameters (Swartzman et al 1995 & Swartzman 1997); variation according to
specics prcscnt (Masse et al 1996); and variations with time of day and watcr depth (Pctitgas & Levcnez 1996).
The impact of commercial exploitation aetivities on aggregativc behaviour has not becn weil documented,
howevcr, sec Potier et al (1997). There are numerous anecdotal reports of fish schools being broken up by fishing
and remaining so for some time afterwards. Some anecdotal evidcnce suggests that fish schools of a particular
species are chronically smaller and more seattered in areas of high exploitation as compared to adjacent, less
exploited areas.

As weil as the structures, positions ete. of the schools it is important to consider how the schools themselves
aggregate or cluster in space, and how this, in turn, is effeeted by external parameters. There are good arguments
to suggest that clusters can be seen as the functionallevel of fish aggregation as schools can break and coalesce,
but clusters may stay together for longer periods (Petitgas & Levenez 1996, Swartzman 1997). An important
aspect, from the point of view of fisheries management, is the relationship between aggregation patterns and the
state of the stock at both the school and the cluster levels. As a particular stock increases or decreases one would
expeet concomitant changes in the fish distribution and aggregation pattcrns. McCall (1990) has proposed the
"basin" cffcct where fish would conccntrate in prcferrcd areas at low stock levcls and spread out as the stock
inereases. This raises the question of what, if any, effects oceur at the smaller spatial scales. Do schools beeome
smaller or further apart at lower stock sizes, or does the "basin" effeet mean that the aggregation patterns stay the
same but over a narrowcr arca. Thcse qucstions have implications for both commcrcial fishing activity and for
assessmcnt surveys, as catchability (Le. chance of eneounter) will dcpend on the aggregation patterns. This topie
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is the subject of a current European Union research programme involving the authors, and it is hoped to be able
to report some of the findings in the near future.

In the image processing parts of this paper we have considered only the extraction of school shape and energy
parameters from the echograms as they have been collected. It is important to understand that the image as seen
on the echogram is not a true representation of the actual school. Firstly, the image is best considered as a two
dimensional slice through a particular schooI, and not the whole school. However, given a reasonable number of
sampled schools it is reasonable to assurne that we have a representation of the variability in size, shape etc. of
the real population of schools. AdditionallY' this slice is Iikely to cut across the school away from it's centre. This
would tend to bias the observed school dimensions, giving smaller widths and heights than the actual school. It is
possible to appIy a correction for this bias, given that the schools are assumed to be cylindrical (Reid &
Simmonds 1993). The second main problem lies in the acoustic instrumentation used to obscrve the schools. Each
sampie (or pixel on the image) is derived from a volume of water and not a point. This sampie volume wiII
increase with depth as the beam spreads. This has the effect of making a school appear wider on the echogram the
deeper it is observed (Reid & Simmonds 1993). In turn, the scale of this bias will depend on the volume
backscattering strength (Sv) of the observed school. The higher the S,. the wider the effective beam angle of the
transducer. Bias corrections for this have been suggested by Reid & Simmonds (1993) and Kieser et al (1993). A
further problem lies in the threshold values chosen by the operator to analyse and view the echogram. Many
echosounder systems e.g, SIMRAD EK500 can collect sampies down to a value of -WOdB. Clearly what is seen
by an image processing system as a school wiII depend on the threshold chosen, the lower the threshold the larger
the perceived school. It is not our intention to examine these question here, however, it is important to understand •
that the observed characteristics of fish schools on echograms have inherent biases due to the system design.
Simulation and modelling studies are currently being carried out within the context of the EU programme
mentioned above, and, again, it is hoped to be able to report some of the findings in the near future,

The final question to be addressed is "what is a school?", This is a topic of intense debate both among
behavioural biologists as weIl as those working with acoustic data. We believe it is impossible to resolve. For the
purposes of this type of study we have chosen to define the "acoustic school", This is not necessarily the real
school, but is the representation or that assemblage as seen on the echosounder. The best definition we have seen
was given by Kieser et al (1993) as "an acoustically unresolved, multiple fish aggregation".

Given the problems described above, the question must arise as to how useful shape, size and energy parameters
are when extracted from digitised echogram data. The answer to this question largely depends on the questions
the researcher wishes to ask. The parameter values collected wiII contain substantial and currently unknown
biases, however, it is our view that they can still be regarded as reasonable correlates of the genuine school
values. Provided that the equipment, system settings and image analysis parameters are kept constant, and that
appropriate steps are taken to reduce the kno\o'/Il biases we believe that useful information can be derived on the
variability of aggregation behaviour, Ir the researcher wishes to draw inferences about the exact dimensions of
fish schools, then the data should be treated with caution.
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Appendix 2

FAST W.G., La Corufia, Spain, 18*23 April 1998-07-08 Study Group on Echo trace
classification (SGETC)

DRAFT, not to be cited
without prior referrence to the authors

CURRENT STATE OF THE ART OF SONAR TECHNIQUES

by
F. Gerlotto, O. Misund, E.J. Simmonds, S. Georgakarakos

•
This document is prepared in order to document the recommendation of SGETC, Hamburg,
April 1997, where :

« The other approach which /zad been used lvas through the use of single ami multi
beam sonar. Alt/IOUgh there are still difficulties in ll1zderstanding how such systems
operate because of signal processing clzaracteristics present in the system but not
described in equipmellt docllmentation, the grollp agreed that muc/z llseful information
could be gained from this equipment. F Ger/otto, in conjll1zction with 0 Misll1zd, S
Georgakarakos and J Simmonds agreed to prepare a draft report for the next meeting
of the SGETC Oll the currellt stllte of the art of sonar teclmiques ami their fitture
development for inclilsion in the final report. »

INTRODUCTION

It exists several synthesis on sonar studies, where sonar is apart or totality of the work. We may cite SIMRAD •
(1964), Forbes and Nakken (\972), Mitson (1984), MacLennan and Simmonds (1992), Diner and Marchand
(\ 995) , Misund (1997), among others. The objective of this paper is not to describe the theory and technics used
for sonar research, but to explore the past, present and future usc of these tools for fisheries research. For any
question concerning theory and technical topics, wc refer to these synthesis.

The term SONAR (acronym für Sound Navigation and Ranging) is nowadays rather confusing, and aredefinition
cüuld be proposed für this report.

Let us consider that Sonar is thc propcr name for any underwater actil'e acoustic device which is not a vertical
echo sounder ( i.e. single beam' deployed on a }'ertical axis). If such adefinition is accepted, sonar can be one
of the following acoustic devices :

=> single beam directed in a non vcrtical direction ;

, In this definition, the split-beam and dual beam transducers are considered as single beam.
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=> multibeam, whatever their main direction (considering that a multibeam is not directed exclusively
along a vertical axis).

Inside this family we will only consider the tools used for fisheries acoustics. We will not take into account those
pieces of equipment which are studying plankton at high frequencies although they fit in the above mentioned
definition. Nor will we consider in details the state-of-the-art of non conventional tools, such as Continuous
Transmission Frequency Modulated Sonar (CTFM) or non linear acoustics. Acoustie tags will not be described
neither.

As in the case of the echo sounder, the sonar was not specifieally designed for scientifie research, but for
professional (fisheries, oil extraction, harbour management, ete.). The potential use of sonar for research was
considered once fishermen were using it currently. But the .. seientifie sonar" still does not exist, eontrarily to the
echo sounder. As far as research is concerned, the history of sonar is rather similar to that for fishing activities

The first sonars were single beam horizontal. This began with the use of military sonars after the seeond world
war. We may eite a paragraph of Simrad (1964) for its historical interest : .. Mr Einar Lea, consultant to the
NOn\'egian State Department of Fisheries (.. ) contacted the first allied naml vessel which arrived at Bergen,
Norwa)', in Ma)' 1945. They informed him that not onl)' could fish be detected by means ofsonar but in a number
ofcases corl'ettes or submarines chasers !lad mistakenl)' attacked schools offishfor submarines(... ) ..the corvette
Eglantine was placed at Mr Lea 's disposal during the winter herring fisheries of 1947 ". These tools were used
in fisheries research, and the most important effort aiming to take the data into account are likely those of FAO
team in Morocco, and US team in California, in the late 70s. Nevertheless it seems that single beam horizontal
sonar did not give allthe results that were expected, for several reasons.

After single beam, the following tool to be used was the multibeam horizontal sonar. This tool is first described
in the fisheries research literature by two .. historical " papers from Rusby (1977) and Cushing (1977) who
described the horizontal shape of herring schools. The problem at this time was the huge effort required for
processing the data, and the multibeam horizontal sonar was not considered as applieable to fisheries research
during more than one decade.

The following step was the use of omnidirectional horizontal sonars, whieh were designed for fishermen. These
1001s are rather similar to multibeam, with that differenee thatthey altempt to give a complcte view of the 360°
around the vessel. This system was designed first through the use of a multibeam sonar observing successively
large sectors (e.g. 6 beams of 6°, sec Bodholt and Olsen, 1977), then by true omnidirectional, with simultaneous
360° observation. These tools are much more recent and appeared during the mid 80s in the fisheries. They were
used in fisheries research but gave few results at the beginning (Diner and Masse, 1987 ; Misund, 1987), and their
use did not become as universal as it could be expected, until the interest of such a tool for behavioural research
and stock abundance estimate be proved by the work of the Norwegian at the end of the 80s (Misund, 1996).

Another use of multibeam sonar was the development of side scanning sonars. We may cite the paper of Harden
Jones and McCartney (1962) describing such a tool. The first one applied on fish schools was the G.L.O.R.I.A.
system designed in UK in the early 70s (Rusby et al, 1973). This kind oftool was not specifically designed for
fisheries but for boltom mapping. It had a great success and an important number of systems exists in the world.
The scanning sonar is a multibeam sonar used in a vertical plan perpendicular to the vessel direction. It allows to
describe precisely the three-dimension relief of the boltom. Its use for fisheries research is more recent than the
other: after very preliminar suggestion by Rusby et al (1973) and more detailed work by Gunderson et al (1984),
its interest was clearly demonstrated by Ona and Eger (1987), but the first application of side scanning sonar for
fisheries acoustics at real scale was done in 1993 (Gerlolto et al, 1996).

The last use of multibeam sonar is as .. multibeam echosounders ". In this case the sonar is dcployed on a vertical
plan as in the case of side scanning sonar, but the main axis of the sonar plan is vertieal too. The main difference
is that the sonar does not present necessarily a wider scanning beam than most of single beam echo sounders (i.e.
around 30°). Their main interest compared to single beam echo sounder is that they allow to give a detailed
description of the fish loeation below the vessel and very dose to the boltom (Allais and Person, 1990 ; Diner and
Marchand, 1995).
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Sonars present a number of limiting factors when applied for fisheries research, that will be presented below.
Nevertheless they may take advantage of the real-time computation capabilities and they are certainly now the
next step of fisheries acoustics development.

This paper will describe each one of these tools, their application in the field of fisheries research, their
limitations and their future.

1. SINGLE ßEAl\I SONAR

1.1. Application in fisheries research

1.1.1. School counting. The main use of the single beam horizontal sonar (S.H.S.) was first to count fish schools
over an area on the side ofthe vesse!. The methodology is described by Vestnes (1964) and Forbes and Nakken
(1972). Some more detailed information is provided by Smith (1970). The general principle is to set the sonar
horizontallyon the side of the vesse! and to scan the lateral area of the transect (fig. ). Then an optimal zone is
defined within which the fish schools are counted and measured. This zone is limited by two lines : one close to
the vessel corresponds approximately to the distance where the water column is supposed to be exhaustively
insonified, and where the effect of the vessel on the fish behaviour is assumed null. The far line corresponds
either to the maximum range of the sonar or to the efficient range, where discrimination between the school echo
and background noise of botlom echoes is still possible. The most usual range is from 200 to 500 meters (Smith,
1970). Since the work presented by Lamboeuf et al (1984) on sardine survey off Morocco, no more papers were
published, which indicates that this method is not used anymore.
1.1.2. School beha\'iour. This kind of research was not the most important, but gave some pionner results on
school avoidance. The best example is the work of Neproshin (1974), who described the determinism of school
avoidance in relation with the hour of the day, the noise of the vessel (speed), etc. (fig. ).
1.1.3. individual fish studies. Another application of single beam horizontal sonar was to apply it on a fixed
location in order to evaluate the abundance of migrating fish. This method was first used for salmon counting . It
became recently of wider use duc to applieation of horizontal acoustics in shallow waters (Trevorrow, 1997 ;
Thorne, 1997 ; Duncan and Kubecka, 1993 ; Kubecka et al, 1994 ; Guillard, in press; Gonzalez and Gerlotto, in
press). The main difference between these two approaches is that fixed horizontal is usually of smaller range and
is focused on single fish more than on schools.

1.2. Limitations

1.2.1. Sampling variability. Evidently all the sources of error of any acoustic device (particulariy echo sounder)
apply in the case of sonar, and it is not worth detailing them here. Hewitl et al (1976) list the main sources of
variability, among which the target size (Le. the horizontal dimension of the school) is likely the most important.
The origin of the error on school size is not different from echo sounder error when observing a school vertically,
but is more dramatic considering the range of observation. The case of small schools is also documented by
Hewitl et al (1976), who conclude to a general underestimate of small schools. Another source of variability is the
TS of a single fish or schoo!. This point is critical in any cases, for the following main reasons :
• single fish : the side aspect of the target and its huge variability makes the TS measurement extremely

variable. Some measurements were presented by Kubecka and Duncan (1995). Differences of more than 30
dB can be observed according to the position of the fish in the beam (Kubecka, 1993) (fig.).

• single fish and schools : the multiple reOection of sound on the surface and the botlom makcs it difficult to
know preciscly the incident energy on the target. In some favourable cases, the distance between the target
and the surface and the bottom allows to extract the reflected echoes from the direct echo (Trevorrow, 1995),
but when the target is far from the transducer and close to the surface or the botlom, such a discrimination is
impossible (fig.).

• schools: the school is not often completely included inside the beam, and the actual TS of the school has to
be reconstructed.

1.2.2. sampling volume. Calculation of the sampling volume in the case of horizontal single beam sonar is
practically impossible, due to multiple reflection both on the botlom and the surface, and to the changes in the
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beam directivity due to hydrology. The usual way is to consider that due to the long distances the water column is
exhaustively sampled at some distance from the vessel.

1.2.3•. Effcct of hydrological characteristics. The hydrological characteristics of the sea are usually highly
anisotropic, with a strong vertical stratification. This fact is overcome by vertical echo sounders which cross the
strata perpendicularly, but is important in horizontal acoustics (fig. ). A good image of this impact is given by
Rusby et al (1973). This may result to blind areas at large distances from the vessel. Moreeover the changes of
hydrological conditions and the long range may have a rather important effect on the on sound absorption values
and cOITection

1.2.4. Impact of bottom echoes. The sonar range is much longer than the depth, and echoes from the bottom are
often observed on thc sonar echogram. When the bottom is flat this gives a continuous line, easy to recognise.
When the bottom is rough, some echoes may appear and are practically identical to school echoes (fig). The other
problem related to echoes far from the vessel is the multiple reflectivity on bottom and surface. This point makes
difficult the precise evaluation of a school TS and in some part the measurement of the horizontal dimensions of a
school.

1.2.5. Choice of settings. Considering that single beam horizontal sonar is applied mainly on fish schools, none
of the usual TVG settings is theoretically applicable. The best potential setting would be 30 log R, which is
supposed to take into account the fact that the school does not transmit the reflected energy in all directions.
Nevertheless this point is mainly theoretical and as far as fisheries acoustics is concerned, no detailed work was
done and the linearity of echo energy related to distance is not clearly described.

1.3. Future of single beam sonar

Single beam horizontal sonar was used for school counting during the 70s mainly, and was abandoned later on.
The main reason of such a situation is that it was extremely difficult to discriminate between school echoes and
echoes from other targets (bottom mainly) and to evaluate thc sampled volume, therefore the cOITelation between
the abundance estimates from vertical echosounding and sonar was extremely low. We may consider that single
beam horizontal sonar is not used anymore for school observation. Moreover the technology has dramatically
improved with the introduction of multibeam sonar making SHS methods for school counting obsolete.

Nevertheless this method has reappeared recently for shallow water observation of scattered fish. A Seminar was
held in London in 1995 and a special issue of Fisheries Research on this theme will be published soon on these
developments. Technics have improved on this field, by the availability of elliptic transducers, which allow a
wider volume to be sampled with no (or low) incidence of surface or bottom.

Considering scattered fish at short distances, the main points to be studied are:

• the TS values for side aspect of fish ;
• the effect of rellections on surface and bottom ;
• the problem related to side lobe reflection
• the significance of echoes of big fish at short distance (Le. what is the meaning of a piece of fish inside the

beam ?). This point is not specific to horizontal single beam sonar, but is critical in this case.
• the significance of targets recorded close to the nearfield.

2. l\IULTIBEAl\1 HORIZONTAL SONAR

We will considcr here both multibeam sonar and omnidirectional sonar, although there is one important
difference : multibeam sonar needs to scan the total area step by step instead of giving a simultaneous overview
of the 3600 field. Therefore some time variability in the data can appear.
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2.1. Application in fisheries research

Multibeam horizontal sonar (MHS) was applied to fisheries very soon after being conceived. The first papers
concerning this point are those from Bodholt and alsen (1977) who used a 36° (six beam of 6° each) scanning
transducer. This tool was connected to computer facilities which allowed to display underwater situations (fig).
This equipment was designed for fishermen, but the potential use for behaviour studies was described by the
authors. Another important paper was published at the same period by Cushing (1977) on the use of multibeam
for describing the internal structure of fish schools. No other work was done on this field before the late 80s (fig).
These first papers demonstrated very early the potential use of multibeam horizontal research for school studies.
We may list 4 fields of research where MHS is applied.

2.1.1. School counting. This is the first potential application. School counting is not very different from the
school counting methods developed for single beam, and the limitations are basically similar, although several
filters and adaptation improve the results (bottom recognition, noise filters, use of CTFM, etc.). As MHS
appeared after the limitation on the use of single beam for fish counting being described, and considering that the
new tool did not bring any substantial improvement on these limiting factors, practically no important work was
published on this topic. This application of MHS is marginal in fisheries acoustics.

2.1.2. School biomass and geometry. The first obvious interest of MHS is that the actual horizontal dimensions
of a school can be measured. Taking advantage of this capability, Misund (1990) presented an exhaustive list of
the geometrical dimension of a school as observed by sonar and the correction factors to be applied (fig). •
Applying this method Misund et al (1991) measured the relationship between school geometry and biomass, by
comparing the results of sonar and echo sounder data. Nevertheless some results are contradictory. In the above
mentioned paper, the authors conclude « Dur investigation demonstrate that relationships exist, which enable
conversion from sonar-measured school dimensions to sc/wol biomass » and recommend to improve the
methodology by using narrow beam, rather high frequency sonars. In other publications, this relationship does not
seem so clear, for two reasons. The first one is the huge variability of school shape : Freon et al (1992), using
aerial views of a single school showed that a school can change its horizontal surface by a factor 4 in less that 10
minutes, duc to behavioural conditions. The second point is the variability of school density as observed by echo
sounder. Misund (1991), Freon et al (1991) showed that the school density is highly heterogeneous and subject to
strong changes according to fish reaction to the environment. Therefore the measurement of school biomass using
MHS is still considered as valuable but with a rather high variance, and requires of some behavioural
measurements and knowledge before to be applied systematically. Misund (1993) concludes : « the predictability
ofschool biomass based on the single measurement of the area ofa recorded sc/wol is affected with substantial
ullcertainty» and suggests some improvements on the methodology, mainly through the use ofnarrow beam sonar
and algorithms for automatic detection. According to the author, one of the main interests of using multibeam
horizontal sonar for school biomass estimates is that all the schools are observed, including those close to the
surface, which is not the case with vertical echo sounding.

2.1.3. mapping. This capability can be considered at two scales. The first one is at large scale and continuous •
along a transect. The position and number of schools inside a surface centred along a transect are measured,
which gives an idea of the number of school per surface unit for each ESDU. This method is not very different
from school counting, but the fact that multibeam is used allows to obtain a more accurate description of type
school distribution than a single beam could give. The other method is to measure the distances between schools
inside a single image or on a given surface. This study may give some information on the 2D clustering behaviour
of the schools (Soria et al, 1997). This kind of work is just beginning and very few work have been published.

2.1.4. School beha,·iour. This point is certainly the most interesting improvement to fisheries acoustics that
multibeam horizontal sonar brought. The school behaviour was first considered by Bodholt and alsen (1977), but
the most important works in this field are those from the Institute of Marine Research of Bergen, Norway, wince
the late 80s (Misund, 1987). Using multibeam sonar allows to obtain information on several characteristics of
school behaviour :
• school swimming behaviour : the school speed and direction can be measured on the screen and calculated

(Bodholl and alsen, 1977 ; Misund, 1987, 1990; Misund ami Aglen, 1991, etc.) (fig). The impact of this
behaviour on fisheries research and models of fish behaviour including school movements and reaction were
described by several authors, taking advantage of these observations (Pitcher et al, 1997 ; Soria et al, 1997 ;
Misund and Aglen, 1991, etc. (fig).
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• school reaction to avessei: the avoidance behaviour of fish school was observed by Diner and Masse (1987),
Misund (1990), Misund and Aglcn (1991), Engas et al (1991). Goncharov et al (1989) studied jack mackerel
school avoidance. The authors cite similar results obtained by Lisovoy (1973) on Sardine/la (probably using
single beam horizontal).

• adaptation of fisheries and research activities to school behaviour. Misund et al (1991) describe the potential
impact of changes in the purse seine design on catchability of schools, as observed by multibeam sonar.

2.2. Limitations

2.2.1. applicability to research. The first limiting factor is that practically no MHS is designed specifically for
research. Most of the features (gains, settings, etc.) are adapted to fisheries purposes. The filters allow to give a
good idea of the " ideal .. school to be captured, and removes all the other echoes. Therefore the use of standard
MHS is affected with high risks of error when considering school number (Brehmer and Gerlotto, 1997). Another
drawback is that no adapted calibration procedure exists for sonar signal when applied to fisheries research.

2.2.2. Data collection and processing. The main problem is the huge amount of data to be collected and stored :
two methods exist. The first one is to collect screen images through video recording. This method is certainly the
most common, as it is a cheap and easy-to-operate method. Most ofthe MHS offer a video output and recording
data does not present any problem. The counterpart of this method is that apart of the information is lost (duc to
the rather low definition of the video image in pixels compared to the original acoustic signal), and that
processing the data is not easy: automatie schools image recognition and extraction from the video images is
complicated, as schools do not present any particular shape, dimension or energy making them different from
other echoes. The second method is to develop specifie software to collect directly the acoustie information. This
is certainly the best method, but it still present limitation. due to the quantity of data. Processing the data is
generally done by eye on video images. but can be performed using specifie software. Very few work were done
on this topie (Misund. 1997). In both cases, the limiting factor is the school image recognition.

2.2.3. School rccognition. The geometry of the school echoes inside the beams is not easy to describe.
According to the hydrological condition, areas may be under- or over-sampled Under some conditions, echoes
from surface or bottom may interfere. Schools are not always easy to discriminate from the noise, apart the big
dense schools which remain a long time in the sonar range. For smallcr schools, or for those which appear only
during a short time, discrimination is mainly a term of personal experience of the operator. More generally, in
MHS studies the scientist must have a good experience of sonar before to be able to recognise accurately schools
on a MHS screen. This is also weil known by fishermen (or by the Navies) : not evcrybody is able to interpretate
properly sonar images.

2.2.3. Significance of the data. The main problem is the relationship of the actual horizontal dimension of a
school and the image ofthe echo on the screen. The dimensions ofthis image may be affected by the echo energy,
the side lobes, the position of the school in the beams, etc. This is particularly dramatie with wide beams and low
frequencies (Misund, 1993). Another problem, related to the former one is the precision of school counting : in
some cases, the noise is too high to allow a correct counting of schools.

2.3. Future of multibeam horizontal sonar

There is no doubt that MHS will continue to play an importan! role in fisheries acous!ics in the near future. The
acoustie devices are improving constantly, and the automatie school recognition capabilities of the MHS is an
importan! field of research for the designers. The main interest of these tools is that they are able to observer
schools at large distances, and on a large area. sampled instantaneously, thus to give a good view of schools
under natural conditions (i.e. not perturbed by avessei). This point allows to have a good knowledge of the
clustering behaviour of schools. The study of clusters began in the mid 90s (Swartzmann, 1994 ; Petitgas et al,
1996 ; ete.) and demonstrated that important results could be expected in this area, which could enhance the
understanding of spatial strategy of fish stocks in relation with exploitation. This field is certainly one of the most
interesting new areas of research and MHS will be certainly the favourite tool for measuring these parameters,
once the limitation duc to school recognition overcome. The main fields of research on MHS could be the
following:
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• School image recognition. This point is critical, and should be undertaken with different objectives as are
considered at present : the objective would not be to recognise the best .. fishable .. school, but to observe all
the schools in a given area, whatever their dimension and behaviour. Filters should be slightly different.

• Calibration procedure. At the moment it exists practically no calibration methodology for MHS. Therefore
these tools can only give a rough idea of school geometry. A proper calibration should be conceived.

• Study of school c1ustering. The occupation of space by schools is an important characteristics, that will be
studied in part using MHS (sec the works of SGETC).

• School behaviour (avoidance). Here too, MHS is one of the few tools able to give an evaluation of the bias
duc to avoidance, and offer correction factors for vertical echo sounding.

3. SIDE SCANNING SONAR

As detailed above, Side scanning sonar (S.S.S.) is the most recent tool introduced in fisheries research, although
its potential usc waS described a long time ago (Gunderson et al, 1984). As far as wc know, only two teams are
working on thc development of this methodology : an european team (inside E.C. FAIR Project AVITIS) and a
Canadian team (Melvin, comm. Pers.). Wc will describe more in detail thc European method. Thc sonar
employed is covering a total receiving beam angle of 900 with 60 beams of 1.5 0 each (transmit beam: 1000

), and
150 in the pcrpendieular direction (at -3 dB point). The sonar operating frequency is 455 kHz (bandwidth 20 kHz)
with a pulse length 0.06 ms. The conventional output consists of video images, reconstructed from the 60 beams
to produce a real time observation (fig ). These are recorded during the survey on videotapes for post-processing
in the laboratory. Ion this case, the post-processing is either by eye, to produce a database containing the main
geometrie data; or by digitisation using an image analysis software. The second output is the digital data provided
by the sonar. For each ping a matrix of 60 columns (representing the 60 beams) and 2040 lines (Le. 122400
pixels) is generated. At the moment this kind of information is not easy to collect, duc to the enormous amount of
data (approximately 50 Mb per min). Once these raw digital data are extracted, it becomes possiblc to reconstruct
the 20 and 3D images, with a much better definition than when using the video image. Processing beyond this
point is similar for both the digital and digitised data sets. The sonar scans the side of the vessel route, and
exhaustively explores the water volume (fig. ). When used as profiling sonar (900 starboard), the third dimension
is obtained through the succession of pings along a transect, as in conventional vertical echo sounding (Gerlotto
et aI. 1994). Ouring the surveys, the sonar head is directed at 45 0 downside, whieh allows to scan from the
vertical (underneath the boat) to the horizontal (parallel to the sea surface) on one side of the vesseI. The range is
fixed at 100 meters, and thc image is a smoothing of 2 or 4 successivc pings (Soria et aI. 1996). Thc canadian
system is not very different from the european one : thc sonar is 1800 instead of 90, the frequency is lower (200
kHz ?).

3.1. Application in fisheries research

3.1.1. School counting This application is not fundamentally different from the school counting method
developed far single beam. Fish schools are counted all along thc vessel road, from the vessel up to thc maximum
.. efficient .. range (in case of european S.S.S., 80 meters in a total range of 100). The main difference is that there
is no risk of confounding school echoes with bottom echoes, as the bottom is c1early observed on the images.
Therefore counting is normally unbiased, as the water volume is exhaustively observed and schools are c1early
identified. These two characteristics resolve the most critieal points that werc stressed in SHS, and we may
assume that school counting is able to give now practical information.
3.1.2. School dimensions. The SSS allows the vertical and horizontal dimensions and position of thc schools be
measured (fig. ). This gives the possibility to reconstruct preeisely the 3D school shape.

3.1.3. School beha"iour. 3D acoustics, by thc way of observation at different horizontal distances from thc boat,
allows for the calculation of a correction factor for vertical echo sounding, as in the case of MHS ; but the fact
that the vertical dimension is also cxhaustively observed allows a more detailed analysis. Soria et al. (1996) show
that thc effect of the vessel on school distribution can bc demonstrated and cvaluated. Soria et al. (1996) propose
a general avoidance model. We present here the results obtained during five survcys. The figure 6 shows the
spatial distribution of all the fish schools along the side of the vessel, whieh demonstrate the existence of an
avoidance reaction. Contrarily to the MHS, the behaviour studies are not dynamic (it is impossible to measure the
speed and individual reaction of the schools), but statistic. This shows that the two tools are complementary :
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MHS describe the instantaneous reaction of a given school, while SSS describe the effect of school behaviour on
survey data.

3.1.4. Biomass estimate. Simmonds et al~ (1992)showed that the accuracy ofthe biomass estimates depended on
methodological and sampling errors and on aseries of biases. The 3D sonar method seems to be in condition to
improve the precision of the biomass estimate in these two domains: it increases the sampled volume, which
could improve the precision of the estimate, and it allows to count the schools far from the boat, which eliminates
the bias due to lateral avoidance. The echo energy of the school is theoretically measured too, but in this case not
all the schools can be measured, due to the high background noise generated by side lobes at distances above the
vertical distance to the bottom : background noise can be as strong as the school echo.

3.1.5. Shallow water obsenation. We described in paragraph 1.1.3. the recent development of SHS for shallow
waters. This tool present one important drawback in the case of shallow waters : reflectivity on bottom and
surface may have a strong influence on the results, first because the meaning of a single fish echo is not clear,
second because it is difficult to discriminate between bottom or surface echo and fish echo. SSS is a good answer
to this problem, as bottom and surface are precisely located and fish cchoes easily discriminated (Gerlotto et al,
1998) (fig. ). Distribution of school and single fish can be recorded, and fish biomass evaluated with less biases
than when using SHS.

3.1.6. ;\luItibeam nrtical echo sounder. We described in the beginning of this document the possibility of
using multibeam sonar as vertical echo sounders. This methods is rather similar to the use of SSS as described
above, with the diffcrcnce that the axis of the observed plan is verticaI. This tool rcduces dramatically the
problems related to the beam angle: fish close to the bottom can be observed with a good precision, as weil as
fish at long distances (fig. ). (Diner and Marchand, 1995).

3.2. Limitations

Most of thcm are rather similar to the MHS limitation. Some othcrs are spccific.

3.2.1. Technicallimitations. The most important limitation in SSS is the effect of side lobes. The bottom echo is
extremely strong compared to school echoes, and is producing noise on all the beams (fig. ). This limitation has
two consequences. The first one is that the information at farther distances than the depth is contaminated by
background noise. Echo cnergy cannot be taken into considcration. Fortunately this phenomenon does not affect
seriously the school image, as far as geometry and shape are concerned. This implies that we cannot consider
school biomass for the schools at distances above the depth distance. The second point is that it is practically
impossible to consider the use of SSS for scattered fish, except under particular condition. This may have an
impact on shallow water experiments.

3.2.2. Calibration. This point is not very different from the case of ;\tHS. Some wxork are undcrtaken, which
will soon produce a calibration procedure for the SSS employed by the European team.

3.2.3. Data management. The huge amount of data collected by SSS makes an acquisition and storage
procedure indispensable. We calculated that the volume of data to be recorded is around 50 Mb per minute. Very
critical at present, one may assurne that the improvements of data processing and storage capabilities of pe will
give a positive solution to this limitation.

3.3. Future of side scanning sonar.

There is no doubt that SSS will be an important tool in the future of fisheries acoustics, as it resolves several
problems present in other tools, as described above. We may imagine that the future SSS will observe the
complcte plan (1800

, from one side of the vessel to the other) with 120 to 180 beams of 1.5 to 1.00
; the beams

around the vertical axis (e.g. the 10 or 20 beams dosest to the vertical axis) could give echo integration results, as
in this water volume fish are observed in a standard position and side lobe has no impact), and the other beams
would give information on the school number and shape, and allow a better extrapolation of the echo sounder
results. This tool would allow to consider the avoidance factor as overcome.
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4. FUTURE TECIINOLOGICAL DEVELOPMENT OF SONAR SYSTEMS

4.1. Technology of multibeam sonars.

Two points rcquire still some rcscarch : the effcct of side lobcs in SSS, and the school rccognition in MHS.

4.1.1. Side lobe effect. We dctailcd the effcct of side lobes. As long as this problem is not resolved, SSS will not
present important improvement compared to vertical echo sounder for biomass estimates. The ideal equipment
would present at least a difference of 40 dB between main lobe and side lobe, which is far from the usual case
(around 20-25 dB). Once such a tool developed, we may assurne that SSS would be in condition to substitute the
vertical single beam echo sounder for fish stock assessment, considering all the advantages SSS presents
compared to echo sounder.
4.1.2. School echo recognition. At present the filters are developed for fishermen. Most ofthe small schools are
not taken into consideration. The school image is presented according to fishermen's wishes, and do not
necessarily represent true dimension, except on some tools (Misund). A proper algorithm for school recognition
should be developed. Once this « scientific filter .. developed, MHS will allow to evaluate correctly the school
c1ustering behaviour and the avcrage avoidance rcactions.

..

4.2. Processing.

4.2.1. Data acquisition and storage. There is usually no way to access the signal itself (either analogieal or
digital), and the main output for most sonars is the video image. This is not satisfactorily for scientific purposes,
as the scientist cannot define what are the effects of the differcnt scttings, and have no evidcnt possibility for
calibrating the beams. Moreover the data are usually not so detailed as the initial signal iso There is a high loss of
definition. Some specific methods for acquisition and data storage have to be developed.
4.2.2. Image anal)'sis. Sonars generally give 20 or 30 images. It is c1ear that image analysis will be the only
processing method for these data. Some works have been achieved, for specific purposes. Nevertheless there is
there a widc ficld of tcchnieal research to bc developed in order to make sonar data analysis possible.
4.2.3. Data anal)·sis. The research using multibeam sonars are still preliminary, and the actual capability ofthose
tools are not completely explored. It seems c1ear, for instance, that spatial analysis tools could be applied, as
sonars give 20 maps of school structures and distribution. The use of gcostatistics inside cluster images, or even
school images, could be considcred (fig. ). Also, school typology could be enhanced by the use of 30
reconstructed schools.

4.3. The future tool •

•

One may imaginc the idcal future acoustic tool for fish stock research: it would havc a multibeam architecture,
not vcry diffcrent from that one already proposed by several designer (fig. ), Le. the following features:
• a 360° multibeam head fir the horizontal plan, rather low frequcncy, beams as narrow as possible (30 ?), for

horizontal observation of schools dynamics and distribution; •
• a 180° multibcam head for the vertieal plan, applicd perpendicularly to thc vessel road, observing

exhaustively the watcr column from onc side of the vesscl to the other. Very narrow beams (around 1°), rather
high frcquency.

• Inside the 180° beams, a portion (around 30°) centred on the vertical line below the vessel processcd as
vertical echo sounder, giving echo integration and TS information on the scattered fish and schools.

This tool would be in condilion 10 overcome most of the problem existing at present : fish avoidance, fish
observed c\ose to thc surfacc and the bottom, school structure and shape, real fish and school distribution,
unbiased echo integration data. etc.

Finally we may add a few words concerning non conventional acoustic methods, such as non linear acoustics,
whieh could help to resolve some ofthe acoustic problems detailed above, such as side lobes, etc. ; time reversed
acousties, which could take into consideration the problems related to multiple reflections on the bottom or the
surface, or the heterogeneity or the medium (thermocline, background noise, etc.), although this series of mcthods
is likely to be considered as potential improvement for a farther future.
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Appendix 3
ICES Study Group on Echo Trace Classification, La Coruna, 18-20 April 1998

Review of multi-frequency and wideband systems
by

D N MacLennan, A S Brierley and D Van Holliday

INTRODUCTION

At the meeting of the Study Group on Echo Trace Classification in Hamburg last April (ref. CM 19971B:4), it
was noted that wideband and other multi-frequency systems are in operation or under development, and that they
provide additional information about the echo traces which could assist with echo trace classification.
Furthermore, there may be other acoustie or non-aeoustie techniques which could be used in this type of study.

In January 1998, we circulated a questionnaire in order to collect background information on this topie. A copy of
the questionnaire is attached as Annex 2. The aim has been to cover both (a) development work, where the
equipment is the end product, and (b) applications, where the equipment is used in a specifie fishery and/or
plankton research project.

We received a total of 13 completed questionnaires. This note is a brief summary of the findings which will
hopefully provide a useful basis for further discussion in the Study Group. We have concentrated on presenting
the factual information without attempting much by way of interpretation at this stage. We do not claim this is a
complete coverage of relevant work in the field. It is hoped that, during the La Coruna meeting, any omissions
can be identified with a view to updating this review for inclusion in the final SGETC report. A list of
respondents is given at Annex 1.

The following numbered paragraphs refer to the information given In the corresponding section of the
questionnaire (Annex 2).

1. Sources of information

The number of replies by country was as folIows:

• Australia
Canada
France

1
2
3

Iceland
UK
USA

I
3
3

All respondents were reporting personal research experience, except for two replies concerning "activities at my
institute".

2. Equipment specification

2.1 Introduction

The responses generally fell into three categories: 1) the use of two frequencies; 2) use of more than two
frequencies; and 3) the use of wide band acoustical systems. Only one respondent is working with a single
frequency EKSOO. Each ofthese methods has advantages and disadvantages, with cost and availability driving the
investigators to use existing gear, trying to extract as much information as possible from what they have. While
this is clearly not optimal from a theoretical point of view, it is a practical approach and offers a good deal of
promise in some environments.
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2.2 The Two-Frequency Method

Theoretically, the two-frequency approach is particularly promlsmg for locations in which the acoustical
scattering is dominated by physically separate schools, layers or aggregations, each of which is characterized by a
single species with a narrow size range. Several investigators report success with this approach while working
with a varicty of taxa. The basic theory is weil establishcd, but models are lacking for all but the simplest shapes.
Several investigators are approaching the problem of cIassilication with the two-frequency method from an
empirical, rather than an theory based direction.

2.3 Multi-frequency Methods

Multi-frequency systems (> 2 frequencies) are summarizcd in the table below.

Summary of l\Iulti-Crequency Systems

Lowest frcq Highest freq Number

(kHz) (kHz) of frequencies

12 120 3

18 200 4

29 397 6

38 200 3 (2 cases)

104 700 5

265 3000 6

1100 3000 3

•

2.4 Widcband Methods

Investigations with three wideband systems were reportcd. Wideband systems have the advantage of allowing
one to extract essentially continuous spectral shape and amplitude information from the echoes. One also has the
choice ofprocessing for high range discrimination (resolution) without necessarily obtaining spectral information.
Some combinations of pulse waveform and processing can give both good range discrimination and doppler
(target motion) information. The primary disadvantage is that bandwidth is generally a percentage of the center
frequency of the transducer. As the percentage goes up, so does the cost, especially for high power transducers.
Very broadband transducers (more than about 50% of the center frequency) are usually either limited in power, •
depth rating, or same other performance factor. Sampling the same volumes of water (i.e., the same animals)
over the entire band of frequencies with a wideband system can also be challenging, as the beamwidth usually
changes with frcquency within the band. There are constant beamwidth, wide band approaches that can be uscd
in transducer design, but none of these are known to be in use within the lishcries assessmcnt community.

34



•

Summary of Wideband Systems

Lowest freq Highest freq Waveform Status

(kHz) (kHz)

20 80 modulate pulse experimental & chirp
(FM)

27 54 chirp experimental

230 384 coded pulse experimental

1t should be noted that added bandwidth can carry more information about an object or animal that scatters sound,
but that one has a number of choices in how one processes the echoes. The choice of the processing method
ultimately determines the kind and amount of information that one can extract and use in a broader c1assification
scheme. One must be careful to examine the signal-to-noise per unit bandwidth in such systems because opening
the receiver bandwidth to more signal frequencies also opens the system to more noise. These considerations
usually require the use of more complex waveforms and more complex signal processing.

3. What is the equipment used for?

Multi-frequency acoustic techniques have been employed in many of the world's oceans and seas over a variety of
water depths, and to a lesser extent in fresh-water lakes. They have been used as an aid to species identification,
to improve accuracy of biomass estimates, and for behavioural studies. Responses to this questionnaire suggest
that adesire for information on the identification of acoustic targets is the motivation behind the greatest number
of ongoing multi-frequency studies:

Equipment used for multi-frequency studies ranges from purpose-built instruments developed in response to
knowledge of particular scattering properties of target organisms (e.g. TAPS), through specifically-modified
commercially available instruments (including ADep), to standard, off-the-shelf hardware (e.g. EKSOO). The
equipment has been deployed from dedicated research vessels, from ships of opportunity, and on buoys: studies
have also been conducted on encaged animals.

•

Use cate~ory

Biomass estimation
Fish behaviour
Target 1dentification
Other

Total

No. of studies

8
5
11
4

28

Multi-frequency techniques have been used for studies of fish, micronekton and zooplankton. They have been
used to discriminate within and between these groups, and for discrimination of biological targets from physical
phenomena such as bubbles.

Zooplankton/Micronekton: Multi-frequency techniques have been used to discriminate between and identify
zooplanktonlmicronekton species/size c1asses, to estimate zooplankton abundance, and to draw inferences on
zooplankton abundance and distribution relative to prevailing oceanographic conditions and environmental
variability.

Fish: l\tulti-frequency techniques have been used to characterise aggregation patterns of several pelagic fish
species, to identify fish species, and to discriminate between fish species. Resulting knowledge of the identity of
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acoustic targets, and target behaviour, has in some instances been used to improve accuracy/precision of biomass
estimates.

4. Data analysis

4.1 Use of standard packages or special software

A variety of packages have been listed ranging from ordinary spreadsheets like MS Excel to Matlab (4 cases),
SPSS and Oracle (I case each). Three respondents said they had developed their own software. Of course, in the
case of Matlab, in-house software in the form of Matlab procedures would still be required. It is likely that such
routines would be designed for the specifie application and may not be useful to other users unless the application
was the same. The replies did not generally say whether the in-house software was just that, as opposed to being
fully developed and commercially available (presumably that would be the case for eompanies selling hardware).

This question really covered three different aspects: (a) Selection of records for archiving; (b) analysis methods
and (e) display of data and/or results.

The Simrad BI500 system is the one example noted of a commercially-available package which is "standard" in
the sense of being useful in a range of applications. The BISOO was being used by four of the respondents.
However, arcport from Canada dcscribed an integrated software package (CHI) which is being developed. This
uscs a standard data format (HAC) and combines several data analysis approaches.

4.2 General approach and methods •
(a) Most respondents gave comprehensive details of the collected data. These might include SV by depth bin at
various frequencies, either as the raw values or as summary statistics, and supporting information such as
environmental observations. In this type of work there is the potential for collecting very large quantities of data
and some degree of sclection or summarising is normally essential.

(b) There are several examples of discriminant analysis and neural networks being used for school identification.
These appear to be the most promising approaches at present. Time/frequency analysis was mentioned but it does
not seem to have produced useful results so far. In the case of plankton studies, models are often used to interpret
the acoustie data in terms 'Of size distributions. The "truncated fluid sphere" and the Holliday-Greenlaw algorithm
are particular examples of the modelling approach.

(c) In some cases the display of data is part of the analysis procedure when, for example, the user has to control
the selection of schools for processing. Apart from echograms, there is also the problem of how to present
statistical results in an informative way. Some form of picture presentation is an obvious way to show a mass of
data so that the important features are apparent. GIS (Geographie Information Systems) have been mentioned as a
useful approach in this connection. •

5. Reports and publications

The references quoted in the questionnaires have been extracted into one list which is given in the bibliography at
the end of this note.

6. Potential for further de..-elopment

The respondents uniformly reported that new methods for echo trace classification were needed in support of
fisheries assessment efforts and that the exploitation of the frequency domain by using multiple discrete
frequencies and lor increased bandwidth centered about a single frequency were attractive candidate approaches

. 10 the c1assification I identification problem. These responses are consistent with the communications theory I
signal processing theorem which relates signal bandwidth and the amount of information that can be transfeITed
over a communications channel. While the details differ, both wide bandwidth systems centered at a single
frequeney and multiple, discrete frequency systems may exploit the consequences of increased bandwidth.
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Multi-frequency and wideband methods are relatively weil developed for plankton and have become relatively
routine within some of the biological oceanography community. The principal product of these developments
have been measurement of biomass by size in relation to the physieal, food and chemieal environment. Unless
size is a unique diseriminant within a particular environment; these methods are not yet used alone for species
identification. Additional approaches such as multi-frequency, multi-static methods are under investigation and
seem to have some potential for extraction of shape and several physical characteristies such as compressibility
and density contrast of the animals with sea water.

In the opinion of the respondents, the exploitation of multiple frequency and wide band acoustical signals for
classification and identification of fish is a promising avenue for future investigation. Multi-frequency methods
are eurrently being applied to nekton in a variety of locations and for a variety of taxa. However, the application
of the technology for fisheries assessment is in its infancy, with a need for applieation to additional species at
different depths, in different seasons, and in a diversity of geographical locations. The need to examine
aggregations of mixed populations or assemblages, espeeially in Sitll, was explicitly noted.

Several responses directed attention to the need to include all available information in classification proeessing,
not just acoustical data. This means including such parameters as loeation; season; time of day; depth of the
target; eharacteristics assoeiated with its aggregation (e.g., layering, schooled, size, shape); the environmental or
eeosystem characterization (e.g., association with food and the physieal environment); historical eatch data;
bottom charaeteristics (e.g., topography, vegetation, bottom type), etc. It is thought that the inclusion of as many
faetors as is possible might enhanee the power of future diseriminant or other analyses leading to speeies
identification. The need for mathematieal models that are useful for a wider variety of species, optimization of the
frequency bands to be utilized for particular species and the spacing or resolution (number of frequencies) within
those bands were also mentioned.

One respondent summed it up rather weil with the comment that "Multi-frequeney is definitely the way to go ...
imagine looking at the world through sunglasses that allowed us to see in only ONE eolour ...".

7. Any other comments or "iews on echo classilication problems.

Use of multi-frequeney acoustie techniques, and associated statistieal analyses, have proved to be quite successful
at target identification, achieving between 70 and 90% correct species classification in some instances. Correct
speeies identifieation has though been more sueeessful in the eontrolled eonditions of eages than in open ocean,
and problems havc been encountered when trying to c1assify mixed speeies aggregations.

Technieal problems assoeiated with multi-frequeney studies include:
• low operating ranges of high frequencies;
• differences in beam angles I sampling volumes at different frequencies;
• different noise levels I appropriate thresholds at different frequencies.

Although there have been some notable successes, the general applieation of multi-frequency teehniques to
fisheries and plankton aeousties is in the early stages of development, and much remains to bc done before
autonomous aeoustie c1assifieation of species ean become routine. However, it seems likely that many of thc
associated problems can and will be overcome, and multi-frequeney data are likely to be used increasingly as
target identifiers, augmenting potentially biased information on species composition obtained from nets.

The more lines of information (diseriminating charaeters) one has available, the greater the likelihood of eorrect
target identification: future developments leading to improved target identification may include integration of
acoustic data with optical sampling (OPC) and Doppler information. Further development I refinement of
seattering models for more species will improve the efficaey of inverse methods.
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Annex 1

List of respondents who completed questionnaires in the 1998 survey

NAME

Aukland

Brierley

Diner

Gordon

Holliday

Kloser

Lebourges-Dhaussy
(2 different applications)

McQuinn

Reynisson

Simmonds

Trevorrow

Wilson

INSTITUTE

Marine Laboratory, Aberdeen, Scotland

British Antarctic Survey, Cambridge, England

IFREMER, Plouzane, France

RD Instruments, San Diego, USA

Tracor Applied Sciences, San Diego, USA

CSIRO Marine Research, Hobart, Australia

ORSTOM, Plouzane, France

Institut Maurice Lamontagne, Quebec, Canada

Marine Research Institute, Reykjavik, Iceland

Marine Laboratory, Aberdeen, Scotland

Institute of Ocean Sciences, Sidney BC, Canada

Alaska Fisheries Science Center, Seattle USA
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Report on developed software for visualisation of acoustic information.
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Institut de Ciencies dei Mar. Barcelona. Spain
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INTRODUCTION

AT the meeting of the SGETC in Hamburg, it was agreed that information on software

developed by the different teams working on acoustics and Echo trace classification will be

collected. In December 1998 a questionnaire was distributed in order to collect this information

on software tools. This questionnaire was focused in different aspects that we have considered

important for the definition of an acoustic software tools.

Because some tools in the past were dedicated to acquisition, the questionnaire was divided

in two sections : acquisition and processing.

A total of 19 questionnaires were received in April 15th
, 1998 and all of them were resume in a

table. Some of the answers to the questionnaire were in the form of software description and

were also introduced in this paper as a table. No direct contact with the software was done by

the author. Only the description of the software tool by the contact person trom each team is

used in this paper and then all opinions are of particular subjectivity but the aim of the

questionnaire was to collect information not to use it as recomendation.

A total of 19 questionnaires and descriptions were received which corresponds to 15

institutes or laboratories (table 1). Some of these institutes or laboratories sent several

questionnaires. Also is included a questionnaire that describes 81500 (Bergen Integrator)

software as the tool used. We have considered useful to include this tool in the collate because it

is representative tor some acoustic research teams. Biosonics Echobase software is also one of

the tools included.
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These 19 questionnaires inelude old software versions (2), new developing software (4) not

described here, and standard packages as BI500 and Echobase (2).

For acquisition of echosounder signals, 11 use Simrad BI500 or EP500 and 1 use BioSonics.

Only 6 use his one software for acquisition and from this 6, 2 corresponds to a commercial

equipment (Movies).

In figure 1 some resume information is showed. From the total of the questionnaires, it is

noted that e10se to 100% of the answers use 38 kHz echosounder, 70 % use 120 kHz, 50% use

200 kHz and close to 30% could use any echosounder. In this case, the echosounders are

Simrad and the acquisition tools are BI500 files.

EK500 is the echosounder more used (70 %) but other equipments are here represented as

OSSIAN and Biosonics. The range of frequencies is from 12 kHz to 200 kHz.

It is evident that these tools are developed for Biomass estimation or other studies like

experiments on Target strength or fish close to the bottom. But in some groups, the evolution of

this software is to inelude further analysis of echo signals to obtain more accurate biomass

estimation in special conditions Iike bottom communities or school and species e1assification. •

From the total questionnaires answers we have classified as "true" echotrace e1assification or

school classification or species identification software 7 over 19. These 7 include 2 of the same

group that corresponds to new and old version of the sofware.

Other software inelude acoustic data coupled with environmental data as CTD or ADCP data.

In this case we have define it as Integrated Acoustic and Oceanographic tools. Those include 5

over 19.

And finally, due that some groups are working with Image Analysis and graphie tools, we

have defined a group of Graphie Software, which inelude those tools that permit some editing

and graphie analysis (9/19).

The Echotrace, school and species e1assification tools are all of them based on Ping but the

processing could be based on pixel or signal (Sv) information (2:5). All with exception of Movies

are integrated in a copmercial DataBase (Oraele, Paradox, Acces, PostGres) and one is

introduced in a GIS (Geographie Information System).

Systems are based on Work Stations and PC, and programming tools are C, C++ (6) and

turbo Pascal (1), which means low levellanguages.

The methodologies used varies from multifrequency comparison for krill species classification

or identification, ping analysis for school description , environmental and morfological descriptors

and biomass estimation per school.
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Appendix 6

On Visual Scrutiny of echograms for acoustic stock estimation

DG Reidt, PG Fernandd, E Bethktf, A Couperu~ , E Goetz2 , N Hakanssorf , J Pedersen , KJ Staeht ,

EJ Simmondst, R Toresen6 & E Tortensen6

I FRS Marine Laboratory, PO Box 10 I, Victoria Rd, Aberdeen, AB 11 9DB, Scotland, U.K.

2 Institute for Sea Fisheries, Federal Research Centre for Fisheries, Palmailee 9, 22767 Hamburg,

Germany

3 RIVO-DLO, PO Box 68, NL-1970 AB IJmuiden, The Netherlands

4 Fiskirannsoknarstovan, PO Box 3051, S-45321 Lysekil, Sweden

5 Danish Institute for Fisheries Research, North Sea Centre, DK-9850 Hirtshals, Denmark

6 Institute of Marine Research, PO Box 1870, Nordnes, N-5024 Bergen, Norway

Introduction

Acoustic surveys are widely and successful1y used for the assessment of pelagic resources (MacLennan

& Simmonds 1991). One major part of the analysis of the results of such surveys is the visual examination of the

echogram and the partitioning of the calculated echo-integral into categories, usually for the target species and for

other scatterers. This step is usual1y entitled "scrutiny" or "scrutinization" Unlike most of the other steps in the

analysis, scrutiny is essentiaIly subjective, and requires an experienced operator. The operator is required to

examine the echogram, and decide whether any of the echotraces observed belong to the target species, or contain

the target species mixed with other species. These traces could be schools, layers or scattered fish. The decision is

largely based on data from fishing activity during the survey. Ideal1y, fishing operations will have been carried

out on al1 major fish aggregations seen during the survey. However, the previous experience of the operator in

this area e.g. in previous years or in similar situations, wil1 also have a bearing.

Until objective techniques are developed to determine the species make up of every echotrace this

scrutinization process remains a central part of the analysis. This then raises the question of how robust or

consistent such analyses are. In the best situation, a survey wiIl be carried out and analysed by the same scientist

over a number of years and the results of that survey wil1 be used on their own as an input to the assessment

process, either as an index or as an estimate of absolute abundance. In this situation, while the individual scientist

may introduce a bias in the biomass estimate, it is to be hoped that he will be consistent over a number of surveys.

A more difficult situation arises when the results from a number of different surveys are combined to give an

overall biomass estimate or where there are changes in the personncl involved in the conduct and analysis of
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those surveys. Both the latter conditions occur in the ICES coordinated herring acoustic surveys in the North Sea.

The survey is carried out by vessels and personnel from Scotland, Norway, Denmark, Germany, Sweden and the

Netherlands. Each survey is analysed in isolation and the resultant numbers and biomass distributions are

combined to produce an estimate of the overall herring abundance in the North Sea. A number of questions may

be asked. Is the approach to the scrutiny the same for all the teams involved? Are there likely to be problems

when the personnel involved are changed?

To investigate this, we assembled teams from all the nations which take part in the coordinaled surveys

for a scrutiny workshop. Each team was required to provide the data from a typical days herring acoustic survey

in the North Sea, along with the trawl information pertaining to that day and other ancillary information. The

teams were then asked to carry out a scrutiny exercise on all the data sets provided to the best of their ability. For

comparison purposes the originators of each data set were also required to analyse their own data set. The

outcome of these analysis were then collated and the areas of disagreement examined.

The present paper presents the results of the scrutiny workshop, a discussion of the results and an

appreciation of the robustness of echogram scrutiny.

l\'laterials and methods

Five data sets were made available for the workshop. Each data set covered a single typical day from

one of the component surveys of the ICES coordinated North Sea herring acoustic survey. The five data sets were

from:

The Scottish survey in the NW North Sea near Shetland FRV Scotia

The Scottish survey on the west coast of Scotland west of the Hebrides MFV Christilla S

The Norwegian survey in the NE North Sea near the Skagerak FRV GO Sars

The Netherlands survey in the western Central North Sea near the ScotlandlEngland border •

FRV Tridens

The German survey in the eastern North Sea in the area of the Heligoland Bight. FRV Walther

Herwig

All the surveys were carried out using SIMRAD EK500 38 KHz echosounders according to the

proccdurcs laid down in the manual for herring acoustic surveys in ICES divisions III, IV and VI, presentcd as an

appendix to the report of the ICES Planning Group for Herring Surveys (1994). With the exception of survey 2

the echogram data were recorded using the SIMRAD BI500 software as INGRES database files (Knudsen 1988).

The data for the Christilla S survcy were presented as a colour paper printout with the integrator output presented

as a cumulative line and in totals by layer for each sampling period. The database files were loaded onto SUN
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workstations and the analysis carried out using the scrutinise programme on the BISOO. The results of the

analysis were then downloaded as MS Excel files for analysis on PC. For the Christina S survey the data were

entered directly by hand into the Excel spreadsheet.

The analyses were carried out by six teams of two scientists each, with each team analysing data sets

from all five surveys, including the data set for which they were the originators. The teams were selected where

possible to be from the same country and used to working together. Each team were provided with the survey data

sets on the BISOO system (except the Christina S survey), paper printouts of the same data, information on trawl

hauls carried out on the appropriate days and for the days before and after, and abrief description of the

circumstances under which the data were collected e.g. weather conditions etc.

The analysis thus produced six independent scrutinies of each of five survey data sets. The mean

allocated echo integral (the "result") with standard deviation (SD) and coefficient of variation (CV) were

calculated for each survey. The results of the six scrutinies were plotted as mean (with 95% CI) for each ESDU

(Elementary Sampling Distance Unit) in the survey data sets. Each team's results were also expressed as percent

deviations from the originator's results and the mean result.

It was considered important to be able to express the results in a way which demonstrated how much

variability might be associated with the scrutiny exercise for the whole combined survey. To this end the variance

was calculated for the results of each survey data set. The pooled coefficient of variation for all the surveys was

calculated using the following relationship:

~~ (Sj.Nj)

CVall=-'-----
L (Elj. Nj)

j

Where:

CVall = Coefficient of variation for all surveys combined

Sj = variance of the jth survey

Nj = Number of days of the jth survey

EIj =Mean echo integral for the jth single day of the survey
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The calculation is based on the assumption that the variance calculated for one day of a survey is

representative of all days on that survey. The survey variance can then be considered as the multiple of the daily

variance and the number of days, and that the variance from each survey can be treated as additive for the whole

combined survey. The CV is then calculated using the allocated daily echo integrals multiplied by the number of

days for each survey and summed for the combined survey.

Results

Figures 1 - 5 show the mean results by ESDU for the live different surveys plotted with 95% CI. Figure

6 shows the percentage deviation of each team from the mean for each survey and Figure 7 the deviation from the

originators results für each survey. Table 1 gives the means, CV values and number of days for each survey.

Table I.

Sun'ey Mean Echo Numberof CV

Integral da.ys

Christina S 5975 15 0.10

GO Sars 6142 17 0.23

Walther Herwig 13808 15 0.05

Tridens 14811 15 1.14

Scotia 8938 15 0.09

In general the results show reasonable consistency between the teams carrying out the scrutiny. The

results for Christina S, Walther f1enrig and Scotia all show a close correspondence for all the teams, with CV

values for a single day of 10% or less. The results für GO Sars and Tridens show much higher CV values, and

these are worth examining in more detail.

For the GO Sars survey the high CV is largely driven by a disagreement in the assignment of the echo

integrals in two ESDU. The largest discrepancy is in ESDU 21, with a smaller deviation in ESDU 16. This survey •

is mainly characterised by small dense schools of herring in the upper 20m of the water column. In ESDU 21 the

echogram also included a large pillar like mark on the seabed at about 45m. In the original echogram (Fig. 6a) the

mark was dense enough for the system to regard it as seabed and so it was not initially integrated. This type of

mark is characteristic of herring marks in the western North Sea, and three teams assigned it as such, while the

remaining three did not. As this was a large school it contributed substantially tü the variance. In ESDU 16

another mark was seen at about 70m in mid water (Fig. 6b), aIthough here only two teams assigned the school as

herring.

There is a different explanation for the wide range of the results of the analysis of the Tridens survey.

This survey was characterised by a number of large schools in mid water in the middle of the day (ESDU 21-29).
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The problem here was in deciding what the species composition of the schools was. There was no trawl taken at

this time, and the teams had to rely on a number of trawls carried out nearby, both before and after. The trawls

were mostly made up of mixed Norway pout and herring. Based on these the originators of the data believed that

the schools were approximately 15% herring and 85% pout. Three other teams used approximately the same ratio.

One team chose to assign the schools as 100% herring and another as 0%.

The CV for the pooled results gives a value of 8.7%. This can be taken to indicate that the variability

introduced into the combined N. Sea survey by inconsistency in the scrutiny process.

Discussion

The findings of the present study indicate that the results of the combined acoustic survey for herring in

the North Sea are reasonably robust to variability in the scrutiny process. The five days survey data were chosen

as reasonably typical of the survey data sets as a whole, and, additionally, to contain significant quantities of

herring. Three of the data sets yielded CV values for the analysis of 10% or less, one survey had a CV of 23%

and the last had a CV of 114%. Based on experience this pattern fits generally with what would be expected

within any one survey - 3 out of 5 days would be relatively straightforward to assign, one would give some

difficulty and one would be expected to be quite difficult. It is interesting to note that the Christilla S survey

which had to be analysed from the paper echogram did not result in significantly higher variability than the Scotia

or Walther Ilenrig data sets.

The circumstances of the workshop were designed to give as realistic as possible a picture of how the

scruliny process works. However a number of factors could be considered as making the process more difficult

for the teams than it would normally be.

The teams were given only one days survey data. Under normal conditions they would have up

to 17 days.

The teams would normally have carried out the survey themselves. Thus, they would have been

able to supervise the data collection and would have controllcd the location and conduct of the

trawling.

The teams would norrnally have included at least one person who was experienced in acoustic

surveys in that area in previous years.

The analysis would normally take place either during or immediately following the survey, not

a year later as in this case.

All the teams had some experience using the Bl500 software to analyse acoustic surveys.

However, some of the teams use this method routinely, while other use a combination of visual

examination of the paper echogram with in house analysis software, and minimal or no use of

the B1500. Survey 2 required analysis of the paper echogram only. Again some of the teams

were unused to this approach.
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It would be rcasonable to assume that any of the tcams would bc likcly to achieve bettcr results if some

or all of the above difficulties were reduced. The fact that a pooled CV of 8.7% was achievable under these

circumstances is encouraging.

The situations where there were substantial differences between the teams also provide useful

information on the problems associated with this process. In the case of the GO Sars survey the problems lay in

some of the teams assigning the mid water marks as herring. As mentioned above, the area is characterised by

smalI, near surface schools. All the trawls in the area provided for the analysis had been taken on these surface

marks. There was no trawl data to indicate what species made up the mid water marks. This was a result of the

originators experience that ALL the herring were contained in the near surface marks. Notwithstanding this, three

of the teams still chose to assign these marks as herring. The rationale for this decision appears to lie in the

experience of those teams. Two of the teams were used to surveying in the western North Sea where such marks

would almost invariably be herring. Given that the schools had not been sampled, their experience led them to

conclude that they were herring schools. EquaIly, the originators experience led them to conclude that all the

herring were in the surface waters, and so thcse schools were NOT herring. Given the tcams differing experiencc

both decisions were, therefore, quite rational.

In the case of the Tridens survey, the situation is remarkably similar. The particular schools which

caused problems were not samplcd by trawl. The teams than had to decide how to assign these schools based on

the nearest trawl sampIes. This area of the North Sea is characterized by a mixed pelagic population of herring

and pout, usually within IO-20m of the seabed. It is not known if these species school together, however, trawling

operations will often bring up mixed catches of both species. It is weIl known that commercial fishermen find the

schools in this area difficult to distinguish and this problem has been mentioned regularly in the combined

acoustic survey report. Given that this group of schools was not sampled, the operators had to decide which of thc

nearby trawls was most diagnostically useful. This decision can depend on a variety of factors such as the

appearance of the schools, the water depth, the time of day etc. In this particular case four of the teams used the

average composition of some of the neighboring trawls, although the trawls used varied between teams. One team

decided that as no trawl sampIe was taken, they could not assign any of the fish as herring. The remaining team

decided that they looked like herring schools as seen on the other trawls, and that pout were unlikely to school

with herring, and hcnce assigned the fish as all herring.

In both the examples cited above the problems were caused by the need to assign schools in the absence

of appropriate trawl data. Where the teams were provided with trawl data which adequately supported the survey

data the pattern of scrutiny was remarkably similar. This highlights the importance of maintaining a high level of

fishing effort during acoustic surveys. The main uncertainties arise when species assignments have to be made

with poor trawling data.
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In conclusion, the workshop has ilIustrated that, provided the operators have access to good quality trawl

data, the results of the visual scrutiny of echograms are relatively robust to the behaviour of different operators.

The ability of the teams to produce generally consistent results suggests that the combination of post analysis

survey results (biomass and numbers) is valid. The findings also suggest that changes in personne1 may not be

critical for the consistent analysis of these surveys, provided that the new personnel are trained by their

predecessors or by other participants in the coordinated surveys.
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Figure 2. Scrutiny Results
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Figure 4. Scrutiny Results
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