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Summary

The Dutch pelagic freezer trawler group (Redersvereniging voor de Zeevisserij, RVZ) wishes to avoid the
by -catch of non -target species such as boa rfish ( Capros aper L.) as muc h as possible. This species is
unsuitable for human consumption, and when present in the fishing gear with other species they will

reduce product quality. A project was set -up in the VIP -programme. The goal of this project was tore-
duce the by -catch of boa rfish as much as possible by early recognition of this species in echograms and

technical trawl ada ptions. This report focuses on the results of the acoustic work.

Acoustic boarfish data recorded at multiple frequencies (38, 70, 120, and 200 kHz) w ere collected oppo r-
tunistically by a freezer -trawler during a fishing trip targeting mackerel and horse mackerel. These

acoustic boarfish data were then compared to data of mackerel and horse mackerel in an attempt to
distinguish these species based on the acous tic signatures . In order to get more insight into the acoustic
properties of boarfish in general, the reflection of sound by boarfish was also modelled based on MRI

scans of fish and swimbladders.

The measurements and modelling results concluded that the boarfish echo gets relatively weaker at the

higher frequencies used. In terms of pra ctical fish classification , however, boarfish reflects sound at the

analysed frequencies in a similar way as horse mackerel. While these two species may be distinguishable

from mackerel, overall multifrequency distin ction of all three species together (using frequencies of 38,

70, 120, and 200 kHz) still remains impracticable : di sti nction between eithere-édhorse m
rel 6 OR O0boarfish & mack elfregliedcieshsas achgh potangal fer aucagss.fHowever,

if all three species are taken together, the identification of horse mackerel and boa rfish is fAblurredod ¢
to their similarities. Bad classification results are also expected if just boarfish and ho rse mackerel are

compared with each other, due to their acoustic similarities.
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1. Introduction

The Dutch pelagic freezer trawler group (Redersvereniging voor de Zeevisserij, RVZ) wishes to avoid the
by -catch of non -target species such as boa rfish ( Capros a per L.) as much as possible. This species is
unsuitable for human consumption, and when present in the fishing gear with other species they will

reduce product quality.

A project was set -up inthe VIP -programme. The goal of this project was to reduce the by-catch of boa r-
fish as much as possible by early recognition of this species in echograms and technical trawl ada ptions.

In the development phase of this project the detailed work plan was produced and the potential foru  sing
acoustic software adaptatio  ns to distinguish boarfish from other pelagic species was explored. The idea

was to use multi -frequency echo -sounders for species identification to distinguish boa  rfish from other fish
species before capture, based on their acoustic signatures

In additi on to the acoustic approach , selective net devices were designed by the company Maritiem Ltd.

of Katwijk, the Netherlands and tested. However, t his report focuses on the results of the acoustic work.
The net innovation part is dealt with in a separate repo rt (Pastoors et al., 2014 ).

2. Materials and Methods

Literature review

A review was made of relevant investigations in to the behaviour of pelagic species, and technical sol u-
tions such as netinnovations  used to improve species selectivity (See Appe ndix A).
Acousticd ata of boarfish collectedon SCH6 OAl i dao

As part of another dedicated project aimed at acoustic distinction between mackerel and horse mackerel

(project:  "Towards improved selectivity of Atlantic mackerel and horse mackerel using scien tific acoustic

species identification methods" ,involving IMARES and RVZ company O6W. &¥rmdn) ,dearc oZuvsan c
data were collected at multiple frequencies (38, 70, 120, 200 kHz) on the SCH6 (F/V O6Alidad).
During fishing trips targeting mackerel and ho rse mackerel in the western English Channel, acoustic data

containing schools of boarfish were also recorded, as the vessel encountered and caught that species

there (see Figure 1). However, there was no dedicated fishery on boarfish, therefore the data co ntained

much more examples of horse mackerel and mackerel and any boarfish detections were purely opportu n-

istic. Atotal of 16 identified boarfish schools could eventually be extracted from the data for further cla S-

sification anal ysis.
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Figure 1. Boarfish schools (shown inside the red circles) recorded opportunistically on SCH6 @A
horse mackerel & mackerel fishing trip. This example shows an echogram recorded at 38 kHz.

Boarfish samples used for acoustic scatter mode lling

In order to model the a acoustic backscatter of the baorfish, biological samples had to be collected for

further MRI scanning to derive the 3D shape of the main scatter organ, the swimbladder. Some boarfish
samples were collected on board the Irish commer ci al vieehicad dFuvr iing t he dedicated b
acoustic survey. Time between shooting and recovering the net ranged from 31 - 69 minutes and ind -
vidual sa mples used in this study were only collected from schools at the upper depth distribut ion limits
observed (<40 m). This was to ensure that the depth -adapted boarfish swimbladders were minimally
affected by the catching process. For the backscatter model to derive reliable estimates from the boarfish

swimbla dders, they should ideally be inta ct, non -collapsed, and inflated to a depth -adapted state, in
which the fish are neutrally buoyant. In total, 43 specimens covering the size range 12 -17.5 cm were
collected from the trawl catches and stored frozen. To confirm that the swimbladders of the bo arfish
samples remained intact after capture and handling, at least one individual from each 0.5 cm length

class was selected for radiography. Each individual was X -rayed in the lateral and dorso -ventral position.
Magnetic resonance (MR) images of transver se sections of the fish were subsequently collected. 3 -D
repr esentations of the swimbladders from the MR | image slices were then reconstructed. The high image
contrast between the gas  -filled swimbladder and surrounding tissue enabled accurate assessment of the

swimbladder boundaries (Figure 2). The swimbladder of each boarfish sample was built up from its ind i-
vidual cross -sections on all individual image slices of the combined scanning sequence.
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Figure 2. Lateral X -ray (a) an d axial MRI section from the central portion (b) of a 175 -mm boarfish sample used
for TS modelling. Below: three -dimensional reconstruction of the swimbladder, represented as a wire frame
com posed of triangles shown at different aspects.

Modelling acousti ¢ properties of boarfish

Currently, the knowledge of acoustic scattering properties is available for important commercial species

or species groups that have historically been well covered by acoustic surveys. These properties are us u-
ally explored based on experimental measurements of immobilised or dead fish, fish in cages, or o b-
served alive in their natural habitat. Recently, with advances in comp uting power, increased amounts of
effort have been going into estimating acoustic reflectivity of fish through the use of sound scattering
models based on morphological and physical data of the fish. Such models have the advantage that,
given a ppropriate input data, they can produce reliable estimates of scattering properties  in the absence
of any other avai lable measurements.

Acoustic backscatter of the collected boarfish samples was modelled at 5 typical frequencies (the 4 fr e-
guencies availableon t he SCH6 ( F/ and 18 AHz) udirgdhg 3  -D swimbladder shapes and appl  y-
ing the Kirchhoff ray  -mode (KRM) appro ximation (Fassler etal ., 2013). The fish body was repr esented as
a set of fluid -filled cylinders surrounding the gas -filled cylinder sections of the swi mbladder. Total fish
backscatter was calculated as the coherent sum of both swimbladder and fish body c ylindrical elements.
The swimbladder was assumed to be gas -filled with a density of 2.64 kg m -3, while the fish body comp  o-
nent was assumed to be fluid -filled with a slightly higher dens ity (1070 kg m  ~3) than the surrounding sea
water (1027 kgm  ~°). Speed o f sound in sea water, fish body and swi mbladder were 1500, 1570, and 340

m s, respectively.
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Avoiding the by - catch of boarfish by multifrequency acoustic species recognition

Acoustic identification of fish species

The use of more than one frequency in fisheries acoustics may improve the accuracy of allocating detec t-
ed fish schools to species , especially if the acoustic properties of different fish  species encountered vary
with the frequency in use. Such techniques have been used previously during scienti  fic acoustic ecosy s-
tem monitoring to better discriminate between groups of fish, small krill and zooplan kton, and also for
discrimination between biological targets and physical phenomena such as air bubbles. However, mul-
tifrequency processing techniques have also been commonly used by scientists to disti nguish various
commercial tar get fish species such as mackerel, herring or sandeel . Indeed, t he difference in the acou s-
tic backscatter intensity between different frequencies has been described as one of th e most promising
methods for acoustic species identification.

Pre-processing of the multifrequency data by accounting for transducer positions and transmission delays

in the receiver improves the spatial comparability between data collected at different f requencies. Acou s-
tic record ings should also be correct ed for ambient noise (an important factor reducing the quality of the
data on fishing vessels) and smoothed to reduce variation. Multifrequency data provide the relative fr e-
quency r esponse r(f), which i s then used to distinguish various acoustic categories. r(f) is defined as

the ratio of the backscattered energy at frequency (f) to that at 38 kHz (where 38 kHz is the

reference fr equency) . This method has previously been used with success to distinguish scattering
groups with a high spatial resol ution. A typical example is the grouping of acoustic data into acoustic
categories, such as : Atlantic mackerel, which do not have a swimbladder, other fish with swimbladders,

resonant scatterers, and zooplankton. However, this approach is limited when trying to distinguish b e-
tween fish species with similar acoustic properties. Moreover, an echogram may show a single school but

it may be the product of a mixed species aggregation. . The uncertainty can be addressed b y generating
mean acoustic measures from different cells (segments) of the school (Figure 3), thereby classifying
different parts of a school rather than averaging it as a whole. Then, observed acoustic properties can be

compared with test results from cau ght and verified fish schools to establish whether they belong to a

certain species (cross -validation).

Length (L)

Figure 3. Cells representing fish school sub -sections used in analysis of acoustic school -level data (source:
Korneliussen et al., 2009).

In any case, acoustic properties of to -be-identified fish species first need to be characterised at different
frequencies, either from field data or by modelling. Such information can then be used to build up trai n-
ing data sets and develop objective classification algorithms. These could then be implemented in sof t-

8 of 36 Report number C137/14



ware tools for practical real  -time classification to assists skippers on the bridge with catch decisions.
Existing software tools such as Echoview (Myriax, Hobart, Australia) or LS SS/SEAT (Marec, Norway)
could be used to implement such methods (Figure 4). Only acoustic test data verified by finding a single

(or very dominant) species in associated trawl catches should be used as a basis for species recognition

libraries in order to  avoid contamination.

E;;lﬁtlﬂnlkln:x

Figure 4. Exampl e of detected fish schools and subsequent classificati
acoustic backscatter at different frequencies (LSSS software; source: Rolf Korneliussen, | MR, Norway).

3. Results

Modelled acoustic backscatter of boarfish at different frequencies

The backscatter of boarfish modelled at 5 typical frequencies (18, 38, 70, 120, and 200 kHz) showed a
decreasing relative frequency re  sponse r(f) with increasing freq uency (Figure 5). r(f) at 120 and 200 kHz
gave similar values of 0.71 and 0.70, respectively (meaning that backscatter at these frequencies was on
average 71% and 70% of the backscatter at 38 kHz) . In comparison to these, r(f) values at 18 and 70

kHz were slightly higher at 0.90 and 0.85. These attributes could generally be linked to the observed

shift in maximum observed backscatter towards 10 -15° head -down tilt orientation of the fish  with i n-
creasing frequency (Fassler etal ., 2013) . This resulted in lowe r mean backscatter at progressively higher
frequencies relative to 38 kHz. Lower relative frequencies at 18 kHz were due to the lower absolute value

of maximum backscatter atthat fr equency relative to 38 kHz.
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Figure 5. Left p anel: Frequency -dependent backscatter of boarfish predicted by the Kirchhoff -ray mode appro  x-
imation at typical frequencies used in fisheries acoustics (18, 38, 70, 120 and 200 kHz) relative to the
backsca tter at 38 kHz (i.e. relative frequency response). F illed dots represent mean values with 95% conf i-
dence intervals (dashed lines) (source: Féassler et al. 2013). Right panel: Measured relative frequency response

of three gadoid species (source: Pedersen and Korneliussen (2009)).

Common with other investigat ions on multifrequency backscattering properties of fish species with closed
swimbladders , the boarfish showed a decrease in r(f) from 38 kHz towards higher frequencies. The rate
of this decrease is primarily dependent on the typical ave rage size of the fi sh species. In that respect,
the modelled boarfish r(f) values shown here (Figure 5) were comparable to those reported for Norway
pout ( Trisopterus esmarkii ), another small -bodied physoclist species. On the other hand, the fall in r(f)

from 38 kHz towards higher freque ncies was much more severe for cod and saithe, which both have a

larger average size  (Figure 5). Given this typical physoclist frequency response exhibited by boarfish,

there is a potential to separate them from species that have different bac kscattering properties with use
of multifreque ncy acoustic methods. Especially in the case of Atlantic mackerel (Scomber scombrus ),
which shows an i ncreasing trend in r(f) from 38 kHz towards 200 kHz and co -occurs with boarfish in

space and time.

Acoustic multifrequency data of boarfish collectedon SCH6 ( F/ V addklassificatién)in software

The acoustic boarfish data col | ected on SCH6 O6Alidaé during fishing

mackerel are volume backscatter values represented by pix els in the echogram. The boarfish data were
attempted to be included as training dataset in the SEAT/LSSS software (Marec, Norway) in a similar

way as for mackerel and horse mackerel data in the other project ("Towards improved selectivity of A t-
lantic mack erel and horse mackerel using scientific acoustic species identification methods" ). The mea s-
ured backscatter data were a ggregated into probability density functions of: (1) volume backscatter at

38 kHz, (2) r(70kHz), (3) r(120kHz), and (4) r(200kHz) for ea ch species. Data were stored at different
resolutions, referred to as either individual fipisoel ficel | 0, (seeFigire c3h. A adll was defined
as 16 pings x 50 pixels vert ically. The cells were ex tracted from selected sections of the echogram and

had to be at least 50% full of fish backscatter values. Figure 6 shows relative frequency response [r(f)]
values from measured data for mackerel, horse mackerel and boarfish. Figures 7 and 8 show the rel a-
tionships of r(120 kHz) vs backscatter at 38 kHz ( Sv38) and r(200 kHz) vs Sv38 in the training dataset

t

r

pPs

for the 3 different categories fAmackerel 0, refolutom soéenrtmc ker el 0O

schools. The software can then recognize fish categories with the training based on acoustic data rec ord-
ed on these sp ecies.
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Figure 6. Relative frequency response: the measured relative echo strength per frequency for different fish
species (yellow: mackerel, blue: horse mackerel, orange: boarfish)
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Figure 7. Relationship between the relative frequency response r(f) at 120 kHz and backscatter at 38 kHz for
different fish species (yellow: mackerel, blue: horse mackerel, orange: boarfish).
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Figure 8. Relationship between the rela tive frequency response r(f) at 200 kHz and backscatter at 38 kHz for
different fish species (yellow: mackerel, blue: horse mackerel, orange: boarfish).

From the data it is evident that the relative backscatter at 120 kHz of boarfish, including the associ ated
variability, is similar to that of mackerel and horse mackerel. At 200 kHz, the relative backscatter of
boarfish and horse mackerel is similar to each other, but more distinct to that of mackerel. Each category
was represented by a Gaussian distributi on for Sv(38), r(70), r(120), and r(200) with parameters est i-
mated from the training data. A cut -off threshold corresponding to an outlier fraction of 10% restricted

the acceptable part of the distributions. An example of deriving such distributions  from t he relative fr e-
quency r esponse relationships and resulting classification are displayed in Figure 9. Any samples that fell

outside the distributions wearggocategorized as fAno categ
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Figure 10. Colour -based classification example of identified boarfish schools
the red circles)

Based on the imple mented training dataset, the LSSS/SEAT software classified most of the detected

boarfish schools from the collected acoustic dataset (Figure 10). However, due to the similarities, there is
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still significant overlap to be expected between the classification of boarfish and especially horse mack e-
rel. The data analysis shows that several features influence the potential for classification based on
acoustic multifrequency data. The more similar a fish species scatters sound at a particular frequency

compared to another fish species, the more difficult is classification. Similarly, if backscatter of a fish

species at a certain frequency is very variable, chances are high that it overlaps with the backscatter

features of another fish species, therefore reducing th e chances for su ccessful distinction.

Generally, it can be stated that:

___________________________________________________________________________________________________________________|
The highest chance for success$yleciesclassifcation can be achieved blyying to char-
acterise asfew different speciesas possible, each of whickhowing large backscatter di-

ferencesover as many different and wide range @ingleacoustic frequencies

Boarfish identification potential from multifrequency data

The dataset allows us to make some predictions about the classification potential between boarfish,

mackerel and horse mack erel if the four different frequencies (38, 70, 120, and 200 kHz) are used.

Based on the overlap of = measured backscatter strength values at the different frequenc ies (Figure 11),
the resulting classification potential to distinguish between all three speci es is poor: while most of the
mackerel school cells are correctly classified (~85%), only about half (52%) of those for boarfish and
60% of the horse mackerel could be correctly classified (Figure 12) . Such values will  probably not result
in a signif icant improvement of catch selectivity. However, t hese findings are based on a relatively low
amount of boarfish data and the observed similarities between these species at the applied freque ncies.

R70 R120 R200
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Figure 11. Distributions of relati  ve frequency response values at 70 kHz (left), 120 kHz (middle), and 200 kHz
(right) for school ¢low)]hbrsednackerel (ohee)candboafish (drapge).

probability for school 'cells’ from:
classification as: boarfish horse mackerel mackerel
boarfish 0.52 0.12
horse mackerel 0.20 0.60 0.16
mackerel 0.28 0.28 0.84
Figure 12. Probability for correct classification of m ackerel, horse mackerel and boarfish school cells based on

acoustic multift equency data (38, 70, 120, and 200 kHz).
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To illustrate this issue better, the same analysis was done for just two species: mackerel and horse
mackerel. Due to the increased differen ces in backscatter between these species at the given freque n-
cies, a majority of the identified cells within schools (70 -80%) can also be expected to be correctly cla s-
sified (Figure 13). Therefore, the potential to increase selectivity is higher. Similar r esults could be e x-
pected when just comparing the two species boarfish and mackerel, due to the given differences in fr e-
quency -specific backscatter.  On the other hand, if the comparison is just between boa rfish and horse
mackerel, a significant part of boar fish schools (~90%) would be wrongly classified as horse mack erel,
while most horse mackerel school cells (96%) would receive the correct classification (Figure 14). Thisis
primarily due to the different amounts of data available for these two species. Co mpared to horse
mackerel, for boarfish there was only information from a few schools available. Therefore, the concl u-
sions we can make from these in terms of backscatter characteristics are li mited to a narrow range of
observations . This is reflected by  the narrower distributions of relative frequency response va lues for
boarfish (Figure 11). At the observed frequencies, the differences between boarfish and horse mackerel

were most pro  minent at 120 kHz. If that difference could be confirmed with more data ( in the future),
the fiweighto all ocat eilcrease ahdatrenefore reay lead douah inproved distin ction of
the two species.

Consequently, just trying to classify only two species instead of all  three together does not automat ically
lead to bet ter results. The classification will be easier if the two species are acoustically quite di  fferent
(e.g. mackerel/horse mackerel or mackerel/boarfish), but difficulties still remain if the  two species are

acoustica lly similar (e.g. horse mackerel/boarfish)

probability for school ‘cells' from:

classification as: horse mackerel mackerel
horse mackerel 0.69 0.18
mackerel 0.31 0.82

Figure 13. Probability for correct classification of mackerel and horse mackerel school cells based on acoustic
multifreque ncy data (38, 70, 120, and 200 kHz).

probability for school ‘cells' from:

classification as: boarfish horse mackerel
boarfish 0.11 0.04
horse mackerel 0.89 0.96

Figure 14. Probability for correct ¢ lassification of boarfish and horse mackerel school cells based on acoustic
multifreque ncy data (38, 70, 120, and 200 kHz).
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4, Conclusions

Acoustic properties of boarfish at the most advanced multifrequency setup used in the PFA fleet at the
time of the stu dy (38, 70, 120, and 200 kHz favail able on SCH6 O6Alidadé & SCH72
similar as those of horse mackerel. The properties of mackerel differs from both these species.

Consequently, distinction between either 6 h o rmmacekerel & mackerel 6O0OR doarfish & mackerel 0Ousing the

four frequencies has a high potential for success. However, if all three species are taken together, the

identif ication of either hor se macker el and boarfish i s b Badrlassifitaiiond u e
results are also expected if just boarfish and horse mackerel are compared with each other , due to their

acoustic similar ities .

Due to the opportunistic nature of the available boarfish data (collected during a dedicated fishery on
mackerel and horse mackerel), t he amount of available data for boarfish was less than for the other two
species, both in terms of available school s (segments) and observed situations (time period & area)

boarfish horse mackerel mackerel
whole schools 17 23 24

school 6cel | s| 143 539 303
situations (areal/time) 2 16 10

Consequently the boarfish scatter data show ed less variability (see Figure 11) , as they came fromli  mited
amounts of schools from a nearly identical area and time period . Collecting more  (diverse) data on boa r-
fish wou Id lead to more representative results . However, that could also mean ending up with  more var i-
ability , leading to worse conclusions about the classification potential between these three sp ecies.

Potential improvement of classification success between the three species may be achieved by:
(1) Adding more single frequencies at which the three species may show differences in backscatter
(e.g. 18 or 333 kHz)
(2) Using broadband/wideband data that reveal the scatter response over many more frequencies
therefore impro  ving the chances for successful classification
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5. Quality Assurance

IMARES utilises an ISO 9001:2008 certified quality management system (certificate number: 124296 -
2012-AQ-NLD-RvVA). This certificate is valid until 15 December 201 5. The organisation has been certified
since 27 February 2001. The certification was issued by DNV Certification B.V. Furthermore, the chemical

laboratory of the  Fish Division has NEN -EN-ISO/IEC 17025:2005 accreditation for test laboratories with

number LO97. This accreditation is va lid until 1th of April 2017  and was first issued on 27 March 1997.
Accreditation was granted by the Council for Accreditation.
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Appendix  A. Literature review on pelagic fishing, fish behaviour and selectivity

enha ncing techniques.

Characteristics of pelag ic fishing

I'n pelagic or midwater trawling t he gear is towed between the sea floor and the sea surface. The pos ition
of the gear follows from the quasi - static equilibrium of hydrodynamic and gravitational forces dete rmined
by the dimensions and drag of the rigging (length of warps, size type and rigging of otterboards, length

of bridles, bridle weights), the net drag and the towing speed (de Boer and Van der Meulen, 1976). The

main target species in this fishery are: herring ( Clupea harengus L.), Atlantic m ackerel ( Scomber

scombrus L.), horse mackerel ( Trachurus trachurus  L.), blue whiting ( Micromesistius poutassou R.), sa r-
dinella ( Sardinella spp. L.), etc..

The Dutch pelagic freezer trawler fleet consists of a small number of large vessels at present, app rox i-
mately 12. Haul duration is very variable and dependent upon catch size. The towing speed of the pel agic
trawls is around 5 knots. In most cases fish is not gutting but sorted mechanically and frozen in plate

freezers after intermediate storage in sea water circulated cooling buffer tanks and then packed in carton

boxes and stored in a freezing hold.

Echolood el o == Kuiltouw

Figure 1. Pelagic trawl! (from: E.J. de Boer and C. Vermeulen, 1976)

Observation techniques

Knowledge of fish behaviour in fish ing gears followed from direct observation using underwater came ras.
As early as in the 1950s divers made underwater observations of fishing gears, by letting the net pass or

being towed with the net. This work was dangerous due to diving gear (oxygen supp ly hoses) being su  b-
ject to the relatively high speed water flow making handling strenuous. Because of decompre ssion and to
avoid caisson illness the observation duration and depths were limited An example of a suit able working
area is the Scottish Moray Fi  rth (with depths to 20 m). To ease work a so -called towed manned vehicle
has been developed in the 1970s. One of two divers could operate the vehicle and the other handle the

camera (Main and Sangster, 1978 ; Main and Sangster, 1983 ) and Figure 2a. The vehicle ist owed behind
the fishing vessel and a rubber boat was also used with a stand -by diver to assist in case of emerge n-
cies. Such an operation required an adequate communication between the three crafts (veh icle, inflatable
and trawler). Using this technique ena bled many underwater footage from which major behavioural

chara cteristics could be deducted. The drawback of limited observation time and depth remained,

though.
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For this reason a new class of observation platforms was developed in the 1980s at the Marine Laborat o-

ry of Aberdeen, Scotland the ROV (Remotely Controlled Vehicle) (Priestley et al., 1985 ), Figure 2 b. This

device could be positioned toward the gear by using so -called "Magnuso rotors, revol ving
which a cross -force to the flow direction could be generated, depending on speed of rotation (r.p.m.).

The cyli nders were placed in a cross to enable a force down and up and sideways. The ROV is also towed

by the vessel and could manoeuvre around a fishing gear within certain limitations in depth and sid e-

ways. A major advantage is that without the presence of humans both the observation time had no lim i-

tations and the depth range could be extended considerably. With very light sensitive cameras (e.g. type

S.I.T) footage could be taken from fishing grounds as deep as 100 m. In 1985 IMARES (former RIVO)

purchased such an ROV. In the years between 1985 and 1993 various observations were made of large

pelagic trawls. The device had been redesigned and improved using CCTV cam eras, but unfortunately
maintenance costs were very high and the equipment not kept operational long since. A fine summary of
fishing gear technology and development of observation equipment is given in Walsh etal. (2002).

Camera cage

SIT. TV.
@mera— -
) . /Services
camera tilt motor & cable
electric motors / ouir
owing
rofor for dive /climb mavemém\\\j’ / bracket
drive chains “~kid
(@ (b)
Figure 2. Towed vehicles for direct observation developed at the Marine Lab Aberdeen (now Marine Science
Scotland), manned (&) andu  nmanned using rotors (b )
Another device that can be used for direct observatien is the
quency multi -beam sonar with which fish reactions can also be visualized. Using special software for
analysis quantitative data can be generated conce rning fish in the trawl path and the percentage caught

by a gear, as well as the type of reactions.

Recently the fiDeep visiond stereo camera system was dadeveloped

tions inside a net and the simultaneous storage of op erational data (latitude, longitude, depth, time).
These data can be integrated with echograms in echo -surveys and organisms with a length range of 1 -70
cm detected. Such a device can be used to avoid unwanted catches or filter specimen out in an act ive

manner (Rosen and Holst,2 013), Figure 3 and Figure 4 .
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Figure 3. fAiDeep Visiono in a trawl section with camer a(Roseead from abo
Holst, 2013 ).

Figure4.Echogr am wi t h fish marks and counts per second, with integrate
(Rosen and Holst, 2013 ).

General patterns of behaviour

Fish behaviour is determined by a combination of acoustic, visual and tactile stimuli, generated by the
fishing vessel and her gear. M any fish species have excellent hearing capabilities (Popper and Hastings,
2009 ), and reactions  of fish to sound stimuli were documented in many studies (van Marlen et al.,
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