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ABSTRACT: Studies on performance capacity and selectivity of trawls used for
industrial fisheries of krill (Euphausia superba) were carried out on the research vessel
r/v ,Profesor Siedlecki”.

It has been ascertained that performance capacity of the proposed trawl is about 0.86
and that chiefly small, 22—26 mm-long, krill specimens are passing through the trawl
segments made of 12 mm-meshed fabric. This has an essential effect on the age-size
structure of caught specimes of krill.

It has been stated that the insets of less than 10 mm-mesh fabric in the .bags
and less than 12 mm-mesh fabric in the bellies of the trawl are practically inexpedient.
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1. Introduetion

There is a lack of data in the literature hitherto, on performance capacity
of fishing gear and the degree of krill (Euphausia superba Dana) escape
through the meshed fabric of the trawl.

In the existing constructional designs of for trawl bags the size of meshes
in the fabrics used for inserts in the bags and the segments of the bellies
varies considerably (ranging from 5 mm to 12 mm). The problem of perfor-
mance capacity —i.e. the relation of the amount of krill caught to the
amount of krill trawled — may be considered in the aspect of achieving
the maximum of economic effect (large catches at relatively small expenditures)
whereas the question of selectivity of the trawls is of a great biological
consequence — protection of standing crop against overcatching and insuring
satisfactorily effective catches for industrial fisheries.

*) These studies were supported by the Polish Academy of Sciences within the Project
MR-II-16 carried out at the Arctowski Antarctic Station, during the First Polish Antarctic
Expedition, 1975/1976, headed by Dr. S. Rakusa-Suszczewski.
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Taking into account the fact of great interest of many countries in
Antarctic krill and entering upon industrial fisheries by some of them it
seems indispensable to start, at once, extensive studies in this direction,
so as adequate regulations and conventions, having in view the conservation
of standing crop, could be issued before the mass industrial fisheries are
undertaken on a large scale. For determination of the degree of selectivity
of fishing gear, requisite for preservation of standing crop, the size of the
protected specimens should be defined beforehand, as it is agreed upon
at present in respect of fish catches.

These studies were carried out within the scape of the First Polish
Antarctic Expedition in 1975/1976. The aim of the investigations was to
determine the selectivity of trawls in krill fisheries.

2. Material and methods

Deliberations on performance capacity of fishing gear have concerned
hitherto fish catches and have mainly theoretical meaning. Baranov (1960),
as well as Swiniarski and Krepa (1975) considering this subject assume
that absolute performance capacity of fishing gear is the relation of the
quantity of caught fish to the total quantity of fish existing in the depths
of water penetrated by fishing gear. Krepa and Pietkiewicz (1968)
describe performance capacity as relation of the amount of caught fish
to the total amount of fish in a shoal. However, the methods of determining
accurately the quantity of fish in a shoal or in the penetrated depths
of water have not been found yet, nor the apparatuses or devices that
could help in that matter, have been contrived hitherto.

The simplest formula for the absolute performance capacity of fishing
gear is proposed by Baranov (1960):

L (1)
m

where: n — the amount of caught fish
N — the amount of fish existing in the area of the penetration
of trawl

The studies were carried out with the view to determine the degree
of performance capacity of the trawl, dependent on the size of meshwork
used in various segments of the belly and the bag (dlsregardmg the positive
or negative effect of the parts of the outfit, such as: wings, legs and
water boards, on the results of trawling). Performance capacity of krill
trawl was defined as relation of the amount of krill caught (n) to the
amount of krill drawn into the belly of the trawl through the inlet of the bag.
It was assumed that at fixed speeds of trawling krill taken in by the
foremost segments of the belly would not be able to get out by the same
way (swimming out through the inlet); the only possible way of escape
is through the meshed fabric of the belly and bag.
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To determine the quantity of the krill getting out to the outer side
of trawl through the meshwork of the fabric the method of catchers sewn
on the outside of the belly was used. This method is well-known in fishery
and was used for determination of performance capacity of trawls in fish
catching, however, due to a rather great swimming speed of somie species
of fish did not always stand the test satisfactorily. Taking into account
the size of the caught specimens of krill (20—60 mm), low speed of krill
movement and fixed speed of trawling (about 3.0 knots) the method of
catchers used for determination of performance capacity of krill trawls
should not raise objections.

Catchers made of knotless, 6 mm meshed fabric were used in the investi-
gations. Schematic diagram of the distribution of catchers and the size of
the meshwork on the trawl segments on which catchers were sewn on is
shown in Fig. 1. The surface area of the inlet of the catchers sewn on
the belly and bag of the trawl are variable and depend on the gape
of the meshes, which in turn is dependent on the horizontal and vertical
gape of the trawl.

30.0m 220m
20.0m 10.0m GIL /
Gl
1.5m
35m)
35m 1
:811’
BI
©10.0 mm 012.0 mm 0129 mm
0450mm 0450 mm 0450mm  090.0 mm 090.0mm
tig. 1. Scheme diagram ol the distribution of catchers on the krill tr.wl

Type 23 56 x4 (1100 meshes). B and G — catchers.

Simplitying this question and assuming that the coefticients of the mesh
gapes are identical on the whole surface of a given segment, the quantity
of krill getting out beyond the range of the given segment and the bag (u)
may be calculated using equation of proportionality:

-
u=— M (kg) 2)

where: ¢ — quantity of krill in catchers sewn on the segment (kg)
m — number of meshes on the surface of the inlet of the catchers
sewn on the segment
M — number of meshes on the whole surface of the given segment

Total quantity of krill getting out beyond the limits of the network part
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of the trawl was accepted as'the sum of the quantities of krill escaping
through all the segments:

U= U +uy+u, 3)
Knowing the quantity of krill caught (n) and the quantity of krill that
got out to the outside of the trawl (U) the performance capacity of the
trawl may be expressed:
n

=n+U

@)

Apart from the performance capacity of fishing gear also selectivity
of meshed fabrics of the trawl was investigated with attention concentrated
on determination of the lenght of the specimes with held or let out through
the meshwork. The measurements were carried out for seven, selected at
random hauls, taking from every group of catchers and the bag 100 specimens,
each (at random) and measuring their body lenght.

Knowing the amount of caught krill (kg), the amount of krill (kg)
getting out to the outside of the trawl, the proportional distribution of
the body lenght of krill in these two groups and correlation between the
lenght and weight of krill specimens, the percentage of individuals escaping
to the outside of the trawl was calculated. Data are given in Fig. 2.

segm. I segm. IT segm. I
(bag) /

0 90 mm

0 105"'77: 0 90mm

I

910mm_, (12 mm
[) 1 045m

A 211 46 170
B 54 07 103
C 32 023 1.1

Fig. 2. Krill escape from ditlerent segments of the trawl
A — Degree of escape (percentage of individuals, %), B — Degree of escape (percentage
of biomass, %), C — Intensity of escape (escaping krill kg - m 2 per every 10 ton of catches).

Investigations were carried out using a prototype krill-trawl (23,56 x 4),
devised by the Department of Fishing Vessels, Sea Fisheries Institute (MIR),
attaining vertical gape of about 15 m and horizontal gape of about 16 m
at the inlet into the belly.

The measurements of performance capacity of the trawl were carried
out for 16 hauls selected at random, collecting and analysing, by weight,
80 samples taken from the catchers (5 catchers on the trawl).
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3. Results and discussion

As results from the measurements, using the experimental type of krill
trawl (size of meshes as in Fig. 2), on the average 119, of krill escape
beyond the range of the meshed-fabric segment of the belly, calculated in
relation to the weight of the caught quantities of krill. In a series of hauls
that percentage ranged from 4.4 to 45.6 (Table I). Determining performance
capacity after equation (4) the mean value amounted to F = 0.86, ranging
from 0.69 to 0.96. The causes of such a wide fluctuation of performance
capacity and consequently, also, of the quantities of krill escaping beyond
the limits of the meshed-fabric segments of the trawl are difficult to explain
explicitly. The carried out observations allow to state that in a great measure
this is connected with the time of the day (daytime or nighttime) and
variable reaction of krill to the type of the meshed fabric used for the
trawl-body.

It has been observed that the greatest quantities of krill escape beyond
the range of the first segment of the belly, through 90 mm meshes, in
the nighttime (Nos. 118/82 and 151/104 hauls) (Table I). At that time krill
occurred in very sparse shoals visible on the fishing echosounding recordings
in the form of dainty haze. Also, the mean results of the catches from
night-trawling were decidedly lower as compared with daytime catches. On
the average, per one hour of trawling by night, the catches were threefold
lower than in daytime. Taking into account the dégree of krill escape
beyond the limits of the meshed fabric (higher by night — lower by day)
and the results obtained from fishery (lower by night — higher by day it may
be assumed that during the day krill reacts strongly to the scaring effect
of the meshed fabric and passes through the meshwork less intensly,
consequently, at that time (by day) krill can be caught effectively with
trawls, having the first segments of the belly made of fabrics with meshes
several times larger than the size of krill. This is of a great practical
implicatipn, seeing that trawls with larger size of meshwork require less -
operative energy in haulage. By night krill reaction to the scaring effect
of the meshed fabrics is much lower and consequently a higher percentage
of specimens is filtered through beyond the range of the segment made

Table II
Results from the measurements of the degree of krill escape from trawl-bag
through 12 mm-mesh insets

Total biomass  Percentage of krill

Houl nges ?f;’;‘:;e:’: 5:;1)1 of krill filtered filtered from the bag
from the bag (kg) (kg)

151104 3000 0.180 80 26

159/110 4000 0.750 353 8.8

163/112 12000 1.410 630 5.25

169/117 2500 0.350 156 6.25

181/126 25000 2.910 1300 52

Average 9300 1.120 504 54
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of fabrics with larger meshes. Therefore, to get positive results from
night-catches trawls with insets of finemesh fabrics over the whole length
of the belly should be used. Small fluctuations of the quantities of krill
escaping from this part of the trawl are noticeable (Table II). This leads
the conclusion that it is a mechanical filtration of small specimens out
of the trawl-bag through the meshes of the fabric.

The behaviour and reaction of krill to the meshed fabric in this part
of the trawl have by now no effect, any longer, upon its possibilities
to get out beyond the range of the fabric. The greatest quantity of krill,
calculated per unit of the surface area, is filtered from the bag — segment III
(through 12 mm-meshwork), averaging about 3.2 kg-m 2 per each 10 ton
of catches (Fig. 2). Since the surface area of the bag (Segment III) is
rather small, as compared with the surface area of the whole belly (Segments I
and II), it has not an important effect upon the total amount of krill
escaping beyond the limits of the trawl.

Considering the scape of krill through various segments of the trawl
(Fig. 2) it was found that the greatest quantities of krill (by weigth) over 109,
pass through the segment I — without a fine-mesh inset-whereas the total
quantity of krill escaping from the trawl amounts to over 16%,. The greatest
quantity of krill specimens passing through the meshed fabric.of the segment I11
(trawl-bag) amounts to 219, (Fig. 2). The total quantity of krill escaping
beyond the limits of the whole trawl (mean value from seven measurements
hauls), determined by the number of individuals, amounted to 42%,. This
high percentage of escaping krill may have a considerable effect on the
age-size structure of the caught specimens, so much more that mostly small
individuals get away from the trawl (Figs. 3 and 4).

Frequency (%)

104

P P
Length of body (mm)
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Fig. 3. Percentage of specimens of different size, caught and escaping through the meshed
fabric

1 — caught specimens (in trawl-bag), 2 — specimens in catchers (Segment I),
3 — specimens in catchers (Segment II), A — Haul 142/97, B— Haul 163/112, C — Haul 169/117
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The measurements showed that mainly small specimens (20—34 mm) are
getting out beyond the limits of the bag and the parts of the belly
(12 mm-meshed fabric), whereas the basic biomass escaping beyond the
trawl-net consisted of 22—26 mm long individuals. In the area of the
segment I (90 mm meshwork), also, the specimens getting out beyond
the limits of the net markedly smaller than the caught ones.

Knowing the proportional distribution of the length of individuals caught
and escaping to the outside of the trawl through the different segments
(Figs. 3 and 4) and the body weight of these specimens it is easy to
determine the factual structure of the trawled standing crop. ‘

A comparatively small quantity of krill escaping through the meshed
fabric in the area of the segment II arouses some doubts. It seems that
it may result from inaccurate measurements. Namely, the catchers II B
and G (Fig. 1) were mounted on the foremost part of the segment, where
the density of krill was still low and consequently small quantities were
filtered to the outside. At the end part of the belly (without catchers)
the density of krill was many times higher and therefore it must have
been filtered more intensively. Taking this into account and the fact that
some quantities of very small krill could have been filtered from catchers,
as well, it may be suggested that the total quantity of krill escaping
beyond the range of the trawl was slightly higher than it results from
the measurements and calculations. ]

The preliminary investigations showed that trawl used for krill fishery
operates selectively to a considerable degree and with appropriate choice
of the size of the meshwork in various trawlsegments it will be possible
to catch the main requisite biomass consisting of specimens of a determined
size. This makes possible the preservation of young individuals and

8
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Fig. 4. Percentage of specimens of different size — caught and escaping beyond the range
' of the trawl-bag.

1 — caught specimens, 2 — specimens escaping from the bag, 4 — Haul 159/110,
B — Haul 163/112, C — Haul 169/117.
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consequently in some measure the protection of the standing crop against
overcatching.

The investigations of performance capacity and selectivity of fishing
gear are also of great importance for technical and technological objectives.

Selective catches of larger individuals supply raw material of better
quality that may be utilized more profitably in the procesing of foodstuffs.

It has been ascertained on the basis of the carried out investigations
and measurements that from the technical and technological viewpoint the
use of the insets with smaller than 10 mm meshwork at the end parts
of the trawl belly and bag is inexpedient since it will give only a small
increase of the caught biomass with a considerable increase of the number
of small specimens. At the same time, size of meshwork causes a decrease
in the intensity of filtration and may have an unfavourable effect on the
general performance of the trawl.

4. Summary

Investigations of the degree of krill escape from the trawl were carried out during the
First Polish Antarctic Expedition on the research vessel "Profesor Siedlecki”. Studies were
conducted using the method of catchers sewn on the outer side of the belly and on the
bag (Fig. 1). Measurements were performed in 16 hauls selected at random, weighing every
time the amount of krill in all the catchers and in the bag, additionally the length of the °
specimens was measured in 7 hauls and their proportional distribution was determined.

The determined by weight mean performance capacity was F = 0.86, ranging in extreme
cases from 0.96 to 0.69. Mostly small, 22—26 mm-long individuals are getting out through
the trawl-segments made of 12 mm-meshed fabric (Fig. 3).

It has been determined that quantitatively (calculated by individuals) over 429 of krill
escape beyond the limits of the belly and the bag, the greatest quantity was filtered out
from the bag— over 219 (Fig. 2). It was found that in daytime krill reacts rather
strongly to the scaring effect of the meshed fabric, due to that fact it may be caught effectively
during the day even with a trawl, in which the foremost part of the belly is made of
90 mm-mesh fabric. For effective catches by nighttime the trawl should have on the whole
length of the belly fine-mesh insets. It was ascertained, moreover, that the use of less than
10 mm-mesh insets at the end parts of krill trawls is inexpedient, since this brings only
a small increase in catches and may have an unfavourable effect on the performance of the
trawl.

5. Pe3rome

Bo Bpems I ITonsckoit AntapkTuyeckod Dkcmenuuuu Ha cynse ,,ITpodeccop Cemnernxu”
MPOBENCHO HCCIENOBaHUA cTenmeHW OercTBa KpbuUls M3 Bosiokyum. MccienoBaHus MpOBENEHO
METONOM NEPEXBBHITHHKOB HAIUNMTHIX HM HAapYXHOM 4YaCTH TOpJIOBHHBI U Ha Meuke (puc. 1).
Hsmepennsa nposeaeHo Ha 16-TH cnyilai‘mo BBIOpDaHHBIX HEBOAAX, KaXIblii pa3 B3BELIMBas
KOJIAYECTBO KPBLIS B OTACJALHBIX NEPEXBBITHHKAX M B MeEIUKe, a MJA 7-MH HEBOZOB IIPOBE-
neHo 106aBOMHO M3MEPEHHA IUIMHBI Teja OcoOei, ompenensis MX NMPOLEHTHOE Pa3JIoXeHHE.

OnpenenénHas ¢ MNOMOIIIO BECOB CpelHAAs JoBHOCTb F=0,86, a B kpaiHux ciyyasx
kosebaerca ¢ 0,96 nmo 0,69. Uepe3 3jeMEHTHI BOJIOKYIUM CHEJAHHBIE C CETEBOrO IIOJIOTHA
¢ 6okom sueilku 12 MM BHLIGMpAalOTCA B OCHOBHOM HEGONBIUbIC OCOOHM BEIMYMHOM C 22
0 26 MM.
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OmnpeneneHo, YTO KOJMYECTBO (IEPEYMCIAs HAa LITYKH) BHE TOPJIOBMHBI M MEIUKA BHIGH-
paetcs 429, ocobeit nmpu 4€M caMoe OOJIBIIOE KOJIHYECTBO ObLIO BHIQHIBTPOBAHO M3 MEINKA —
cbimie 219, (puc. 2). KoHCTaTHpOBaHO, 4TO AHEM KpbUTb JOBOJIBHO CHUJIBHO pearupyeT Ha
NYralolyr [I€ATEJbHOCTb CETEBOrO MOJIOTHA U NOITOMY IOHEM MOXHO €ro 3(QdeKTHBHO
JIOBHThb BOJIOKYIIEH; KOTOpasi B NEpeIHEH 4acTH TOPJIOBHHBI CHEJaHA H3 TKaHA C OOKOM .
sueiiku 90 MM. [lns mpoBeneHHS 3(P@PEKTHBHOH JIOBJM HOYBIO BOJIOKYIIA HOJ/DKHA HMETh IO
BCEH JUIHHE TOPJIOBHHBI MHKpOSY€cYHbie BKJIaNKH, OOHapyMEeHO TakXe, YTO NPHMEHEHHE B KO-
HEYHBIX 4YacTAX KPBUIEBBIX BKJIALAOK C OOKkOM suelikm MeubmmM, 4eM 10 MM sBiasercs Gec-
MoJIe3HbIM TaK Kak 3TO OyneT crnocoOCTBOBaTh HEBEJIMKOMY POCTY JIOBIM @ MOXET MOBJIHUATH
Ha OTpLIATEIbHYIO pabOTy BOJIOKYILH.

6. Streszczenie

W trakcie I polskiej ekspedycji antarktycznej, na statku r/v ,Profesor Siedlecki” prze-
prowadzono badania stopnia ucieczki kryla z wioka. Badania przeprowadzono metoda prze-
chwytnikow, naszywanych na zewnetrznej czgsci gardzieli i na worku (rys. 1). Pomiary wykonano
na 16-tu losowo wybranych zaciagach, wazac kazdorazowo ilo§¢ kryla w poszczegélnych
przechwytnikach i w worku, a dla 7-miu zaciagoéw wykonano dodatkowo pomiary dlugosci
ciatla osobnikéw, okreslajac procentowy ich rozklad.

Okreslona wagowo towno$¢ Srednia F= 0,86, a w skrajnych przypadkach waha si¢ od
0,96 do 0,69. Poprzez segmenty wioka wykonane z plétna sieciowego o boku oczka 12 mm
wydostaja si¢ gtownie osobniki mate, o wielkosci od 22 do 26 mm.

Okreslono, ze ilosciowo (w przeliczeniu na sztuki) poza obreb gardzieli i worka wydostaje
si¢ ponad 429 osobnikoéw, przy czym najwigksza ilos¢ byla wyfiltrowywana z worka — ponad
219 (rys. 2). Stwierdzono, ze podczas dnia kryl do§¢ mocno reaguje na ploszace dzialanie
plotna sieciowego, dzigki czemu w dzieh mozna go skutecznie odlawia¢ wilokiem, ktory
w przedniej czesci gardzieli wykonany jest z tkaniny o boku oczka 90 mm. Dla przeprowadzenia
skutecznych potowo6w noca wlok powinien posiadaé na calej dtugosci gardzieli wkladki drobno-
oczkowe. Stwierdzono roéwniez, ze stosowanie w koncowych czesciach wlokow krylowych
wkladek o boku oczka mniejszym niz 10 mm jest niecelowe, gdyz spowoduje jedynie niewielki
wzrost polowdw, a moze wplynac¢ niekorzystnie na prace wloka.
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