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Abstract

Selectivity studies were carried out for two types of steelon codends
used in commercial fishery, with a nominal mesh size A = 80 mm and
A = 100 mm, made of double twines with a thickness of 4.2 mm. The
studies covered 6 major fish species.

1. It appears from the study that Antarctic icefish and bumphead
notothenia are subject to selection during trawling, although the
effectiveness of this process - especially in the latter case - is
not satisfactory.

2. Scotia Sea icefish, Chaenodraco wilsoni, and Chionodraco
rastrospinosus exhibit a lower tendency to pass through meshes
of the codend than Antarctic icefish and bumphead notothenia.

3. The solution to the problem of ensuring selectivity of codends at a
sufficiently good level seems possible as a result of the
application of webbing with permanently open meshes for codend
construction.

4. The most difficult matter will be preparing a codend with proper
selectivity properties for South Georgia icefish, because this
species exhibits the smallest tendency to escape during the
trawling among all the species studied.

Conclusions and observations were in some cases based on a relatively
small amount of experimental material.

Further investigations of this problem are necessary since producing
selective trawl gear for harvesting Antarctic fish seems crucial from
the point of view of conservation of living fish resources on those
fishing grounds.

Résumé

Des études sur la sélectivité ont été menées sur deux types de culs de
chalut en steelon utilisés dans les pécheries commerciales, avec un
maillage nominal A = 80 mm et A = 100 mm, faits de cordes doubles
d'une épaisseur de 4,2 mm. Les études portaient sur 6 majeures
espéces de poissons.

1. L'étude montre que les poissons des glaces et les bocasses bossues
sont sujets a sélection au cours du chalutage, bien que l'efficacité
de ce procédé - particulierement dans le dernier cas - laisse a
désirer.
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2. Les grandes-gueules antarctiques, les Chaenodraco wilsoni et les
Chionodraco rastrospinosus ont moins tendance a passer a
travers les mailles du raban de cul que les poissons des glaces et
les bocasses bossues.

3. Il semble possible de résoudre le probléme d'une sélectivité
satisfaisante de rabans de cul grace a l'utilisation d'une sangle a
mailles ouvertes en permanence dans la fabrication des culs de
chalut.

4. Le probléme le plus difficile sera de préparer un cul de chalut
ayant les propriétés de sélectivité nécessaires pour la péche au
poisson des glaces de la Géorgie du Sud qui, de toutes les espéces
étudiées, est celle qui a le moins tendance a s'évader au cours du
chalutage.

Les conclusions et les observations sont dans certains cas basées sur
une quantité relativement faible de matériel expérimental.

Il est nécessaire de procéder & d'autres études sur ce probléme, la
production d'engins de chalutage sélectifs destinés a la péche des
poissons de I'Antarctique paraissant cruciale du point de vue de la
conservation des ressources ichtyologiques vivantes dans ces lieux de
péche.

PesioMme

[IpOBOAUIINCH HUCIEAOBAHUA MO CEJIEKTMBHOCTH JIBYX THIIOB
TIPUMEHSIEMBIX TP KOMMEPUYECKOM TPOMBICIE CTHJIOHOBBIX
KYTKOB C pPa3MEpPOM siuen A = 80 MM U A = 00 MM, CZIEJIAaHHBIX N3
ABOMHOroO mmnararta ToJmuHoi 4,2 MM. HccieaoBaHUSA
OXBaThIBaJI1 6 OCHOBHBIX BUAOB PhIO.

1. HcciieqoBaHWs OKa3aJi, UTO CEJIEKIUST JIeASHOMN PhiGbl U
3€JIEHON HOTOTEHHUH NMPOUCOANUT BO BPEMSI TPAJIEHUA, XOTHA
3P EKTUBHOCTb 3TOr0 IMpoliecca, OCOOGEHHO B cJlyyae
3€JIEHOM HOTOTEHMHY, HEYZJOBJIETBOPUTEJIbHA.

2. KpoxoamnoBasi OenoxpoBka, Chaenodraco wilsoni n
Chionodraco rastrospinosus IpOsIBUJIM MEHBIIYIO TEHAEHIHIO K
TMPOXOX/IEHUIO CKBO3b SUEM KYTKa, YeM JieJsiHasi phida U
3eJjieHast HOTOTEHU 1.

3. TlpeacTaBiisieTCs, UTO pelleHHe npobiieMbl obecrieueHnst
JOCTATOUYHO XOPOWIEr0 YPOBHSI CEJEKTHBHOCTH KYTKa
JIEXHUT B HMCMNOJIb30BAHMK TIPH KOHCTPYHMPOBAHHHM KYTKa
TETHBBI C MOCTOSIHHO OTKPHITHIMH STUEHMH.

4. CaMoit TpyAHOi1 3azaueil OyJeT H3roTOBJIEHUE JJis
CeJIeKUIMM TEMHOI OeJIOKPOBKHM KYTKa C HYXHBIMH
CEJIEKTHIBHBIMH CBOMCTBaMM, TaK KakK M3 BCeX M3y4aBUINXCS
BHIOB 3TOT BHJ{ BO BPEMS TPaJIEHNS MOKa3ajl HAaUMEHbIUIYIO
TEHAEHUUIO K BLIXOY U3 CETH.



B HEKOTOPHLIX CJIyuasiX BbIBOJbl M HaOJIOAEHUS cAeJiaHbl NPU
OTHOCHTEJIbHO HEBOJIbIIOM KOJIMUECTBE 3KCIIEPHUMEHTAJIbHOT O
MaTepHaJa.

Heo6xoauMoO mnpoBejeHHE AaJIbHEHIMX MCCJAEeAOBaHHUN TIO
3TOMY BOIIPOCY, TaK KaK B IIJIaHE COXPaHEHMS XHUBBIX PBIGHBIX
PECYPCOB Ha 3THX IMPOMBICJIOBLIX yUacCTKaxXx HaHBaXHEHIHM
NMpeJCTaBJIAE€TCSA KOHCTPYHPOBAHHE CEJIEKTHBHBIX TPaJIOBLIX
ceTeil ISl NPOBEEHNUS JIOBA aHTAPKTHUECKOI1 PhIOHI.

Resumen

Se realizaron estudios de selectividad con dos tipos de copos de
“steelon” que se emplean en la pesca comercial, cuyo tamafio nominal
de luz de malla era A = 80 mm y A = 100 mm, hechos con hilo doble
de 4,2 mm de espesor. Estos estudios abarcaron seis especies
principales de peces.

1. Segln dicho estudio, parece que el draco rayado y la trama
jorobada estan sujetos a seleccién durante el arrastre, si bien la
efectividad de este proceso - especialmente en el segundo caso -
no es satisfactoria.

2. El draco antartico, Chaenodraco wilsoniy Chionodraco
rastrospinosus presentan una menor tendencia a pasar por el
copo que el draco rayado y la trama jorobada.

3. La solucién al problema de asegurar la selectividad a un nivel
aceptable parece ser posible aplicando un tejido con las mallas
permanentemente abiertas en la fabricacion del copo.

4. La cuestién més dificil sera preparar un copo con las propiedades
de selectividad adecuadas para el draco cocodrilo, ya que, de todas
las especies estudiadas, ésta es la que presenta una menor
tendencia a escaparse durante el arrastre.

Las conclusiones y observaciones se basaron, en algunos casos, en una
cantidad de material experimental relativamente pequefia.

Es necesario investigar ain mas este problema, ya que la fabricacién
de artes de arrastre selectivas para la recolecciéon de peces antarticos
parece vital desde el punto de vista de la conservacion de los recursos
de peces en estas zonas de pesca.
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1. INTRODUCTION

Selectivity studies of trawls used by the Polish fishery were conducted in
1950-1980. Cieglewicz and Strzyzewski (1960) studies the mechanism of the passage of
cod through various parts of the trawl made of different materials. They came to the
conclusion that the main part through which juvenile fish escape is the upper part of the
codend. In the 1960’s and 1970's extensive investigations of selectivity, directed by
Strzyzewski (1971) covered several fish species, taking into account a number of physical
factors affecting the selection process, such as choice of material, technological structure of
webbing, use of layered structure of material making up the codend, size relations of meshes
in the cover and codend, etc. Evaluation of the effect of mesh size and shape on selection of
cod in the Baltic was also carried out in the 1970’s (Szymanski, 1980). For the first time
in Poland, Szymanski used in those studies webbing with permanently open meshes, made of
textile belts. It turned out that square, permanently open meshes had the best selectivity
properties with respect to cod.

This conclusion was confirmed for other cod-like fish and lobsters by investigations
of Robertson (Robertson, 1986a, 1986b). On the other hand, Gabriel, Kemp and
Haberstroh (1987) expressed an opinion that the change of mesh shape from rhomboid to
square has no special effect on the ratio of undersized fish to landing-sized fish in the codend,
but results only in collecting fish less soiled with benthos. It should be emphasized that no
attention has been paid in investigations. carried out so far to the phenomenon of deferred or
arrested reaction of escape of any fish species from the codend.

The first Polish selectivity studies of trawl gear in the Antarctic were carried out in
the 1978/79 (Zaucha, 1979) season. It was established during those studies, with the use
of, among others, tape codends, that Antarctic fish behave differently during trawling than
fish studied before and that it was difficult to interpret the results obtained in an objective
and convincing way.

2. OBJECTIVE OF THE STUDY

After the introduction of codend mesh-size regulations in the Antarctic, it was decided
that selectivity studies begun in the 1978/79 season would be continued mostly on the basis
of codends currently used in commercial fishing operations. The objective of investigations
in the 1986/87 season was to determine whether technical and material conditions of
codends with a mesh size of 80 mm ensures, from the point of view of the CCAMLR
Convention, satisfactory selectivity or whether bottom codends require a certain
modification. For comparison, a codend with a mesh size of 100 mm was tested.

3. MATERIALS AND METHOD

Steelon codends with a four-wall, oblique construction made of double steelon twines
with a nominal thickness of 4.2 mm were used in the study. Their length was 22.5 m, the
square-shaped opening had a side with a length of 6.9 m, while the codend’s rectangular tip
had sides with lengths of 6.9 x 4.0 m. The codend itself was covered on the outside from the
top down to the middle of its height with a cover having relatively small meshes (mesh bar
20 mm). Three sets of floats, 5 in each, were attached to the rear part of the cover. The
bottom part of the codend was covered from the inside up to half of the codend’s height with a
liner made of the same material as the cove. Thanks to such construction of the codend,
undersized fish could escape from the codend only from the part equipped with the cover.
They were later trapped in the end parts of the cover. Because of difficult conditions on the
fishing grounds (stones, rocks, etc.), the codend was protected against mechanical damage by
special protective materials placed at its bottom.
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A schematic drawing of the codend’s construction and construction of the codend
proper made of steelon fabric with a nominal mesh size of 80 mm is presented in Figure 1.
The codend with a 100 m mesh size had the same construction. In reality both codends had
somewhat different mesh sizes than nominal ones, which will be discussed in detail when
presenting changes in mesh size during codends use.

The codends used in the selectivity study were used on board the research vessel
Professor Siedlecki which is a factory trawler with power of 1690 KW (2300 HP).
Codends with similar constructions to those used in Polish commercial fishing vessels were
included in a 32/31 bottom traw! set-up which was used in previous years on Antarctic
fishing grounds and met with positive opinions. A schematic drawing of the construction and
rigging of such a setup is presented in Figures 2 and 3.

The process of fish selection by a given codend is characterized by means of a
selectivity ogive and a number of additional parameters:

. selectivity interval “Ps”: difference in centimetres between the length class of
fish retained in the codend in 75% (Lys) and the class retained in 25% (Lzs),

Ps = L75 - L25

. selectivity coefficient “Fs”: ratio of the length of this class of fish which is
retained and released in 50% (Lso) to the length of mesh size “A” in the codend,
measured wet,

L

« selection quality “Ws”: value of ratio of length class of fish released and retained
in 50% (Lso) to the length class of fish fully retained by the codend (L1go),

_Lso
* " Lyoo

. selection effectiveness “N”: percentage value of ratio of the number of fish which
passed onto cover “n,” to the sum of the same number of fish and the number of
fish “n,” in the codend and having a length not greater than those in the cover,
i.e. length Lioo,

N = No e 100
Ny + Ny

. relative selective length “l,,": value of the ratio of mean fish length inside the
cover “l,” to the mean length “I,” of fish inside the codend in percent; the value
of this index gives some idea as to the size of fish escaping from the codend when
compared with mean length of fish retained by the codend,

|
I°w=ﬁ e 100

. relative selective weight “mo,”: value of the ratio of mean weight of fish in the
cover “m,” to mean weight of fish inside the codend “m,," expressed in percent;
the value of this index illustrates the weight of fish escaping from the codend in
comparison with the mean weight of fish retained by the codend,
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Measurements of total length of fish in the cover and the codend was made to the
nearest centimetre below. Measurements of mesh size in the codend were carried out in the
upper part of the codend at a distance of not more than 2 m from the codend ending and 2
meshes from lace hood meshes touching with codend-strengthening rope (Figure 1). The
measurements were carried out immediately after the trawl retrieval (wet) with an
international ICES caliper, at a preliminary tension of the mesh with a force of 4 kg. The
size of mesh size was calculated as an arithmetic mean from 30 random mesh measurements.
The frequency of measurements was the following: before trawl use, dry and wet, after the
first haul (3 hours of use) and after each subsequent 15 hours of trawling.

Hauls used for the selectivity study of fishing gear should technically resemble
typical commercial hauls. This was expressed in the fact that the study was conducted on a
vessel with similar technical characteristics to those of typical fishing vessels used in that
area, the use of a codend of similar construction to those used in commercial fishery, the use
of a similar fishing gear and parameters of trawling like those used by commercial trawlers.

The selectivity study should be based on hauls fulfilling certain requirements,
especially the following:

- general catch rate of a haul should not be smaller than about 300 kg of fish and
not greater than several tonnes,

+ the fish species analyzed should be present in the haul in a quantity of at least 3%
of total haul weight,

« the fish species analyzed must be present in both the codend and the cover, in at
least several length classes.

An attempt was made during the study to attain the average catch rate since only for
such hauls it could be assumed that fish in the codend will have the opportunity of direct
contact with the codend material and, as a result, will be able to escape from the codend, if
its dimensions will allow.

4. EXPERIMENTAL PART
4.1 Fishing Effort and CPUE

The selectivity study was conducted on various Antarctic fishing grounds between
October 1986 and mid-February 1987.

Fishing effort characteristics from experiments and CPUE for studied fish species are
presented in Tables 1 and 2.

Thirty hauls were selected for the study, each of them lasting from 2 to 3 hours and
being similar to commercial hauls of 3 hour duration. A relatively high catch rate, similar
to those attained by commercial trawlers, was achieved around South Georgia. Quite high
CPUE was also attained on the Elephant . fishing ground in the third leg of the experiment.
Catch rates in the other experiments were much lower - the catches on the Joinville fishing
ground was so small that further tests were abandoned for methodological reasons.
Differences in catch rates attained in different phases of experiments were most likely
connected with fluctuations in biological parameters of bottom fish concentrations on those
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fishing grounds and did not depend to any degree on technical factors used in the experiments
such as type of gear used, its rigging, trawling parameters, etc.

The material collected (Table 2) is most representative for bumphead notothenia,
Scotia Sea icefish, and Antarctic icefish, and less representative for Chaenodraco wilsoni and
Chionodraco rastrospinosus, while for South Georgia icefish it is least representative.

4.2  Changes in Mesh Sizes in the Codends

The data presented in Table 3 demonstrated that before trawl was in use, the actual
mesh size in the codend with a nominal mesh size of 80 mm was (both dry and wet) larger by
about 10% than the nominal size. After a trawl was in use this value increased to about 14%
in comparison with the nominal value, reaching 90 mm. Such value remained at a stable
level during the first phase of the experiment and for that reason it was assumed as the
actual mesh size for that phase. During the tests, experimental work with this codend was
suspended for some time. After resuming work it was discovered that mesh size decreased
considerably and exceeded the nominal value by only 8.5%. This value remained at a
constant level during further tests, so it was assumed as actual size for that stage of the
study.

Changes in mesh size in codends with a nominal mesh size of 100 mm resemble those
in the 80 mm codend (Table 3). During the study, due to a failure, one codend had to be
replaced by another. Therefore there were two series of codend tests with the same nominal
mesh size. Generally speaking, mesh size in both codends remained at a level larger by
10-11% than the nominal value. That is why a value of 110.6 mm was assumed as actual
for the 100 mm codend.

4.3  Selective Properties of Codends
4.3.1 Bumphead notothenia

Selection of bumphead notothenia was evaluated several times during 6 experiments
on four Antarctic fishing grounds. Three experiments were made with 80 mm codend and
three with 100 mm mesh codend. Proper calculations were made for each of them and a
selectivity ogive was drawn. Those data are presented in Figures 4 and 5 and in Table 4.

Analysis of selectivity curves for the 80 mm codend obtained on the basis of data
collected on various fishing grounds (Figure 4) revealed a number of common features
despite quantitative differences. The most important feature was that all of these curves had
a different shape in comparison with a standard selectivity ogive for net materials with a
high selectivity coefficient. They were characterized by a very clear shift towards retention
of small fish at a relatively high level. The ascent of the curves was very slow, which
corresponded with high values of selection intervals “Ps”. Selectivity coefficients Fs were
decidedly low, as well as selection quality coefficients. Selectivity effectiveness was
decidedly small - with this mesh size a much greater number of fish could escape through
the meshes. Mean length of fish released and at the same time retained by the meshes was
relatively small, decidedly smaller than could be theoretically predicted. That is why a
general evaluation of the selection of bumphead notothenia by the 80 mm codend could not be
positive.

Analysis of the selectivity curves for the 100 mm codend with respect to bumphead
notothenia revealed their similar features with 80 mm codend's ogive. The greatest
similarity was that these curves were very flattened and their shape did not clearly indicate
the length range, for which fish selection would be more distinct. It covered several length
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classes which was reflected in exceptionally high values of selection intervals Ps. Values of
selectivity coefficients were also relatively small. Indices of relative selective lengths and
weights of fish escaped and retained by the codend were exceptionally high, indicating that
there were no significant size differences between fish retained and escaped from the codend.
The length of fish with 50% retention (Lso) was higher than for 80 mm codend, however, it
was still relatively small. Distinctly higher length values were obtained in the case of fish
retained by 100% in larger codend.

Since selectivity ogives for the two codends revealed basically similar qualitative
tendencies, it was decided to group together all results collected on various fishing grounds
for each codend and calculate their combined selectivity coefficients (8). Combined ogives
are presented in Figure 6, while values of selection of bumphead notothenia by two different
codends are presented in Table 5. ‘

A comparison of the shape of both curves indicated clearly that selection of both net
materials was qualitatively similar although there were distinct quantitative differences.
The selection of bumphead notothenia occurred definitely during trawling although both
ogives were shifted to the area of small fish. Selection intervals for both ogives were very
wide, and the values of selectivity coefficients were relatively low, especially in the case of
80 mm codend. Selection effectiveness increased from 20% for 80 mm codend to almost
50% in the case of larger meshes. Both length Lsg and Lygo increased also. A general
conclusion from the comparative analysis is that although both nets select bumphead
notothenia during trawling, this property is not high enough. The use of larger meshes
distinctly improved selection properties of bumphead notothenia but not to such a degree that
they might be considered sufficient from a practical point of view. Therefore, none from
those codends could be positively evaluated. Most likely that closed meshes in the codend
constituted such an obstacle for fish that an increase in mesh size did not really solve the
problem, although it improved selection. It may be expected that keeping meshes open may
solve the problem of selection of bumphead notothenia because this species has a distinct
tendency of escapement from the codend during trawling.

4.3.2 Antarctic icefish

Studies of selectivity properties of Antarctic icefish by 80 mm codend were carried
out on two fishing grounds: South Georgia and Elephant |., while for 100 mm codend - only on
the Elephant I. fishing ground. Three ogives were obtained as a result of these studies
(Figure 7) for each experiment. The obtained coefficients are listed in Table 6. An
assessment of the Antarctic icefish selection was based on a relatively large number of
initial materials. The ogives resembled much more the standard selectivity ogive than in the
case of bumphead notothenia, although they were characterized by the same negative feature,
i.e., they were shifted towards the area of length classes of small fish. This was evident from
relatively low values of Lgg, especially on the South Georgia fishing ground as well as
relatively low values of selection effectiveness (35-64%). This meant that between 35 and
65% of fish in the codend with a iength smaller than Lo, did not escape. Coefficients L, and
m,w characterized the selection of Antarctic icefish very clearly. Especially the former
index showed that there was no great difference between mean length of fish escaped from the
codend and fish retained. Thus, a large part of fish could pass through the meshes but did not
grasp this opportunity.

In order to compare selectivity properties of both codends for Antarctic icefish,
selectivity ogives of 80 mm and 100 mm codends were drawn together in Figure 8. Table 7
presents main selection indices for those curves.

The shape of both ogives was very similar (Zaucha, 1987), a significant difference
was in much greater shift of 80 mm selectivity ogive towards the area of small fish than in
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the case of 100 mm ogive. Selection of Antarctic icefish by two codends was clearly evident
but practical results of this process was insufficient. This may be seen from relatively
long, extended selection intervals and not too high values of selectivity coefficients of about
2.8. It should be emphasized that the use of 100 mm mesh size resulted in an almost twofold
increase in selection effectiveness as well as an increase of Lsqo by 21%. A general
conclusion is that standard mesh-size does not ensure selection of Antarctic icefish to a
sufficient degree. It seems that the partly closed meshes during trawling constituted too big
an obstacle for Antarctic icefish to be able to escape from the codend. It may be expected that
permanently open meshes may ensure a proper level of selection of Antarctic icefish.

4.3.3 Scotia Sea icefish

Selection of Scotia Sea icefish by 80 mm codend was studied on three fishing grounds:
South Georgia, Elephant I., and King George |., for 100 mm codend - two experiments were
carried out on the Elephant I. ground. Because of very modest materials collected off King
George 1. and in the second phase of the experiment off Elephant ., data from the King George
. fishing ground were not taken for further detailed analysis and all data from Elephant 1. for
100 mm codend were combined.

As a result of these experiments, two selectivity ogives were drawn for 80 mm mesh
and one for 100 mm codend .(Figure 9). A set of selection coefficients was calculated for each
ogive (Table 8). The main drawback of the material collected was that relatively few fish
passed through the net during those tests. Under these circumstances the most important
segment of the ogive, concerning those fish classes which escaped from the codend was based
on relatively scarce materials. A general feature of all selectivity ogives was their
exceptionally large shift towards the area of small fish. As a result, the values of L5y were
low (Table 8). A second feature of these ogives were very low values of index P, which gave
a negative indication of selection of Scotia Sea icefish by the codend. Both too large and too
small values of selection intervals point to abnormalities in the process of fish selection by
the codend. Selection quality indices were very unsatisfactory. Equally negative were
selection effectiveness coefficients. Very low, much lower than for fish analyzed before,
were the values of index m,,, which meant that fish escaping through the meshes had
exceptionally small weight compared with the fish retained. Generally speaking, both the
shape of the selectivity ogive and the selection indices indicated that the ability to select
Scotia Sea icefish by both kind of codends was unsatisfactory.

In order to determine characteristics of Scotia Sea icefish selection by the two
codends in a more precise, comparative way, two ogives were presented in Figure 10, one
for each type of codend. Table 9 presents main selection coefficients for each of these codends
(Zaucha, 1987).

The most important feature of both curves was their overlapping. This meant that the
selection processes of both codends were similar. This conclusion is emphasized by data
from Table 9. It appears from them that values of selectivity coefficients were very low,
even lower for the net with larger meshes than with smaller meshes. Selection effectiveness
was at a very low level. As a result a great number of fish which could escape because of
their size, remained in the codend. The values of both Lgy and Lygg for both types of nets were
the same, within the limits of an experimental error.

A general conclusion from these tests may be brought down to the observation that a
change in the mesh size in the codend did not bring about a qualitative change in selection of
Scotia Sea icefish. This gave rise to a fear that even the use of permanently open meshes will
not bring the desired results, i.e., such as is expected in the case of Antarctic icefish and
bumphead notothenia.
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4.3.4 Chaenodraco wilsoni and Chionodraco rastrospinosus

Selectivity studies of these two species were based only on tests with 100 mm codend
on the Joinville fishing ground. Selectivity ogives for the two species are presented in
Figure 11, their selection parameters in Table 10.

Both the shape of the curves and the values of the parameters give an almost identical
evaluation of the selection process of these fish by the standard codend. The values of
selectivity coefficients and selection quality were low. Selection effectiveness was of
particularly low value: 15% for Chaenodraco wilsoni and 10% for Chionodraco
rastrospinosus. This meant that from 85 to 90% of fish did not choose to escape although
their size allowed them for that. Parameters Lo, and m,,, were at a high level. This meant
that as regards length and weight, there were no great differences between escaped and
retained fish .

It is not surprising that a general appraisal of selectivity of the standard codend with
respect to both species is decidedly negative, as in the case of Scotia Sea icefish. In this case
it is also difficult to foresee whether permanently open meshes will improve the quality of
selection of these fish to such a degree that it may be possible to evaluate it positively.

4.4  Additional Remarks

During the tests carried out on South Georgia fishing grounds, South Georgia icefish
was found in the codend but no fish of this species were noted in the cover. Examination of
length composition of fish in the codend revealed that although there were no juvenile South
Georgia icefish, quite numerous were specimens with a length of 34, 35, 36 and 37 cm and
larger. Fish with a length between 34 and 37 cm could, due to their sizes, pass through the
meshes of the codend but did not use this opportunity. Under these circumstances a
conclusion may be drawn that South Georgia icefish must find it extremely difficult to pass
through the meshes of the codend during trawling so that even open meshes might not be an

- effective means of improving selection of this species.

5. CONCLUSIONS

1. Antarctic icefish and bumphead notothenia are subject to net selectivity of the
commercial codend during trawling, but the effectiveness of this process in the
case of standard nets, i.e. made of double polyamide twine, is insufficient. For
that reason the use of codends believed to be good on other fishing grounds, cannot
be practically recommended for commercial fishery on Antarctic fishing grounds
irrespective of the established mesh size.

2. An increase in the effectiveness of selection of these fish species may be expected
as a result of changing the construction of the codends, i.e. the use of permanently
open meshes.

3. A tendency to escape from the codend during trawling of such fish as South Georgia
icefish, Scotia Sea icefish, Chaenodraco wilsoni and Chionodraco rastrospinosus
seems to be smaller than in the case of Antarctic icefish and bumphead notothenia.
It is expected that the use of permanently open meshes in the codend would greatly
improve the existing situation.

4. Ensuring proper selection of major Antarctic fish species by introducing one
mesh size does not seem possible. The mesh size recommended at present
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(80 mm) seems well chosen for Antarctic icefish, while for others like Scotia
Sea icefish, South Georgia icefish and Chionodraco rastrospinosus it seems too
small.

5. Experiments at sea should be urgently undertaken in order to confirm the
observed tendency of arrested ability of Antarctic fish to pass out of a standard
codend despite the fact that both mesh size and fish size theoretically ensure such
a possibility. A suggested technical solution is a change of codend design so that
meshes will not close during trawling. It is believed that such solution will
effectively reduce fishing mortality of valuable species of Antarctic fish.
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Table 1: Characteristics of fishing effort in each of the experiments

Study period 27-29 13-15 15-16 18-20 13-4 18
Oct 1986 Nov 1986 Nov 1986 Dec 1986 Feb 1987 Feb 1987

Fishing ground Elephant I. Joinville |. Elephant . South Georgial. Elephantl. King George I.
Number of hauls 8 6 4 5 5 2
Trawling time (h) total 2035 1800 1000 1450 1030 350

per haul 234 300 230 258 206 155
Catch (1) total 5.89 1.52 1.49 14.39 10.43 2.89

per 1 haul 0.74 0.25 0.37 2.88 2.09 1.44

per 1 hour

fished 0.29 0.084 0.15 0.97 0.99 0.75




0zt

Table 2: Catch rates of fish species subjected to the study in each of the experiments (in ¥h and percent)
Study Period 27-29 13-15 15-16 18-20 13-14 18

Oct 1986 Nov 1986 Nov 1986 Dec 1986 Feb 1987 Feb 1987
Fishing Ground Elephant I. Joinville |I. Elephant I.  South Georgia . Elephant I. King George |.
Fish species tonnes % tonnes % tonnes % tonnes % tonnes % tonnes %

Bumphead notothenia 4.12 69.9 0.39 25.8 1.18 79.2 3.47 241 8.02 76.9 2.15 74.3

Antarctic icefish 0.15 2.5 - - 0.04 2.5 8.12 56.4 0.78 7.4 - -
Scotia Sea icefish 0.79 13.4 - - 0.26 17.6 1.71 11.9 1.51 14.5 0.44 15.2
Chaenodraco wilsoni - - 0.90 59.5 - - - - - - - -
Chionodraco

rastrospinosus - - 0.08 5.2 - - - - - - - -
South Georgia icefish - - - - - - 1.00 7.0 - - - -
Other species 0.83 14.2 0.15 9.5 0.01 0.7 0.09 0.6 0.12 1.2 0.30 10.5

Total 5.89 100 1.52 100 1.49 100 14.39 100 10.43 100 2.89 100
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Table 3: Changes in mesh size in the codends tested

Parameter Nominal No. of Mesh size
mesh sizes  ocodend

Before use During use

Dry Wet Wet

After 3 h After 15 h After 30 h

Mean mesh size (mm) 80 | 87.2 88.2 91.2 90.0 86.8
100 | 106.1 107.4 109.4 110.0 -
i 108.3 110.2 111.8 - 111.2 -
Standard deviation (mm) 80 o 2.88 2.46 2.69 2.83 2.40
100 | 2.36 3.06 . 2.37 1.87 -
11 2.67 2.56 2.54 2.20 -
Coefficient of change (%) 80 | 2.8

3.3
100 I 2.2
2.5




Table 4: Main selection parameters of bumphead notothenia

Selection 80 mm codend 100 mm codend
parameter
South Elephant 1. King Elephant I. Elephant I.  Joinville 1.
Georgia I. George-l. (i phase) (ii phase)
No. of fish 6 814 20 701 3 217 7 053 3 090 835
measured
in codend
No. of fish 2 198 2 826 420 8 526 1 328 761
measured
in codend _
Ps 12.0 7.2 6.2 10.2 13.6 14.0
Fe 2.02 2.28 2.88 2.84 2.10 2.64
W, 0.48 0.52 0.64 0.74 0.59 0.72
N 36.3 14.7 28.1 55.3 30.7 48.3
Low 60.8 85.4 70.8 86.9 92.8 85.9
Mow 15.6 48.6 28.9 74.2 75.7 56.5
Lso 18.2 19.8 25.0 31.2 23.6 29.4
L1oo 38.0 38.0 36.0 42.0 40.0 41.0
Los 14.1 17.8 22.2 25.4 18.2 20.0
Lss 26.1 25.0 28.4 35.6 31.8 34.0
Table 5: Main selectivity indices of bumphead notothenia for two codends
Index Ps Fs N Lso Lyoo
80 mm codend 13.1 2.29 20.0 20.6 38.0
100 mm codend 16.8 2.63 49.8 28.9 42.0
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Table 6: Main selection parameters of Antarctic icefish

Selection
parameter 80 mm codend 100 mm codend
South Georgia l. Elephant 1. Elephant |.
(iand ii phase)
No. of fish measured 56 342 2 330 604
in codend .
No. of fish measured 29 851 1 841 1 035
in codend
Ps 6.8 5.4 8.0
Fq 2.56 3.22 2.82
W, 0.66 0.73 0.78
N 34.8 45.9 64.1
Low 93.1 76.2 84 .1
Mow 78.4 32.3 48.5
Lgo 23.0 28.0 31.1
L100 35.0 38.0 40.0
Los 19.8 24.8 26.0
Lss 26.6 30.2 34.0
Table 7: Main selection indices of Antarctic icefish for two codends
Index Ps Fs N Lso Lioo
80 mm codend 9.6 2.84 - 35.2 25.6 38.0
100 mm codend 8.0 2.82 64.1 31.1 40.0
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| Table 8: Main selection parameters of Scotia Sea icefish

Selection
parameter 80 mm codend 100 mm codend
South Georgia . Elephant I. Elephant I.
(i and ii phase)
No. of fish measured 2 954 1 801 1 691
in codend
No. of fish measured 133 44 125
in codend
Ps 2.5 3.9 5.4
Fs 2.29 2.48 .09
W, 0.59 0.72 0.59
N 7.5 25.6 25.7
Low 63.0 44.0 59.0
Mow 13.3 2.7 8.4
Lso 20.6 21.5 23.0
L1oo 35.0 30.0 39.0
Los 20.0 20.1 20.6
L7s 22.5 24.0 26.0
Table 9: . Main selection indices of Scotia Sea icefish for two codends tested
Index Ps N Lioo
80 mm codend 6.2 2.48 10.2 39.0
100 mm codend 5.4 2.09 25.7 39.0
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Table 10: Main selection parameters of Chaenodraco wilsoni and Chionodraco

rastrospinosus for 100 mm codend on Joinville fishing ground

Selection parameter Chaenodraco wilsoni Chionodraco rastrospinosus

No. of fish measured 3 484 164

in codend

No. of fish measured 651 11

in codend
Ps 10.1 1.9
Fs 2.12 2.66
W 0.63 0.75
N 15.8 9.2
Low 93.4 90.6
Mow 88.3 69.6
Lso 23.4 29.4
L1o0 37.0 39.0
Los 19.9 28.4
Lss 30.0 30.3
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Légendes des tableaux
Caractéristiques de l'effort de péche pour chacune des études.

Taux de capture des espéces de poissons soumises a I'étude pour chacune des
expériences (en tonne par heure de péche et pourcentage).

Changements de maillage des rabans de cul mis a 'essai.
Principaux parameétres de sélectivité de la bocasse bossue.

Principaux indices de sélectivité de la bocasse bossue par deux culs de
chalut.

Principaux parameétres de sélectivité du poisson des glaces.

Principaux indices de sélectivité du poisson des glaces par les deux culs de
chalut.

Principaux parameétres de sélectivité de la grande-gueule antarctique.

Principaux indices de sélectivité de la grande-gueule antarctique par les
deux culs de chalut mis a l'essai.

Principaux paramétres de sélectivité de la grande-gueule épineuse et de la
grande-gueule ocellée par cul de chalut de 100mm sur les lieux de péche de
Joinville.

Légendes des figures
Dessin schématique d'un cul de chalut proprement dit avec poche de
couverture et poche - pour étude de sélectivité (a) et construction d'un cul
de chalut en soi de 80 mm (b).
Dessin schématique de la construction d'un chalut de fond 32/31.
Dessin schématique du gréement d'un chalut de fond 32/31.
Ogive de sélectivité pour la bocasse bossue par cul de chalut de 80 mm.
Ogive de sélectivité pour la bocasse bossue par cul de chalut de 100 mm.

Sélectivité de la bocasse bossue sur les lieux de péche de I'Antarctique.

Ogive de sélectivité pour le poisson des glaces par différents culs de chalut
sur les lieux de péche de I'Antarctique.

Ogives de sélectivité pour le poisson des glaces sur les lieux de péche de
I'Antarctique.

Ogive de sélectivité pour la grande-gueule antarctique sur différents lieux
de péche de I'Antarctique par deux types de culs de chalut.

Sélectivité de la grande-gueule antarctique sur les lieux de péche de
I'Antarctique.
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Ogives de sélectivité pour la grande-gueule épineuse et la grande-gueule

ocellée sur les lieux de péche de Joinville par cul de chalut de 100 mm.
3aroJioBKH K TabJsmiaM

XapakTepPHUCTUKH MPOMBICIOBOIO YCHUJIMSI B KaXX1OM OTIbITE.

KospduumeHTsl YJIOBHUCTOCTH PHIOHBIX BHUOB, IOABEPXEHHBIX
M3YUEHHUIO B KaXX/JOM OMEBITE (B T/U M TIPOLIEHTAX).

V3MeHEeHHU S Pa3MEPOB siueit OPOGOBaHHBIX KYTKOB.
OCHOBHbIE MTAPaMETPHI CEJIEKTHBHOCTH 3€JIEHON HOTOTEHHH.

OCHOBHBIE I10KA34aTEJIM CEJIEKTHBHOCTH 3€JIEHOXM HOTOTEHHU ITPH
VJIOBE NABYMS KYTKaMH. ‘

OCHOBHBIE TTIapaMEeTPhI CEJIEKTUBHOCTH JIE/ISTHOM PhIOHI.

OCHOBHbIE T10Ka3aTeJIH CEJIEKTUBHOCTH JIEASTHOM PHIOHI TIPU YJIOBE
JIBYyMSI KyTKaMH.

OCHOBHLIE TTAPaMETPHI CEJIEKTHBHOCTH KPOKOAUJIOBOI GEJIOKPOBKH.

OCHOBHbIE [TOKa3aTEJIN CEJIEKTURHHOCTH KPOKOAUJIOBO G€JIOKPOBKH
NIpY yJIOBE AByMSsi OTIPOGOBaHHBIMM KYTKaMMU.

OcHoOBHble napaMeTpsl Chaendraco wilsonin Chionodraco rastrospinosus
MPpY YJIOBE KYTKOM (pa3Mep siuer 100 MM) B paiioHe IpOMBICTa Y O.
XKyeHBuJb.

[loAnucH K pUCYHKaM

CxeMa KyTKa C TIOKPHITHEM WM NOAKJIAAKON - AJISI U3yUeHHS
cesieKTUBHOCTH 990 M ycTpoiicTBa coOcTBeHHO 80 MM KyTka 9IMOO

CxeMa ycTpoiicTBa AOHHOr o Tpaa 32/36.
CxeMa OCHaleHUsI JOHHOT'O TpaJa.

OrmBa CeJIEKTHBHOCTH KYTKa (pasMmep siuen 80 MM) AJisl 3e€JIEHOU
HOTOEHUN.

OryBa CEJIEKTUBHOCTH KYyTKa (pa3Mep siuern 100 MM) OJis1 3eJIeHOM
HOTOTEHUM.

CeJIEKTUBHOCTD 3€JIEHOH HOTOTEHNM Ha TIPOMBICJOBBIX YUacCTKax
AHTapKTHKH.

OruBa CeJIEKTUBHOCTH Pa3HbIX KYTKOB /IS JIEASTHON PhIGH Ha
TIPOMBICJIOBBIX YUYaCTKaX AHTAPKTHKH.

OruBbl CEJIEKTUBHOCTH JIEASTHOM PHIObI Ha NPOMBICJIOBBIX YYacTKax
AHTapKTUKH.
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OruBa CeJeKTUBHOCTH OOOHX THUIIOB KYTKOB [JiS l(pOKO}.'IPUIOBOfI
6eJIOKpOBKI/I Ha pa3HbIX MPOMBICJIOBBIX YyUacCTKax.

CeJIEKTUBHOCTbh KPOKOJHMJIOBOI GEJIOKPOBKH Ha IPOMBICIOBbIX
yuacTkax AHTapKTHKH. \

OrMBhHI CEJIEKTUBHOCTH KYTKa (pa3Mep siuen 100 Mm) asnst Chaenodraco
Wilsoni (a) m Chionodraco Rastrospinosus (b) Ha NPOMBICIOBbLIX
y4acTKax y 0. Y3HBHJIb.

Encabezamientos de las Tablas

Caracteristicas del esfuerzo pesquero en cada uno de los experimentos.

Indices de captura por especies, sujetas al estudio de cada experimento, en
toneladas por hora de pesca y en porcentajes.

Cambios en la luz de malla de los copos probados.

Principales parametros de selectividad para la trama jorobada.

Principales indices de selectividad para la trama jorobada con los dos copos.
Principales parametros de selectividad para el draco rayado.

Principale's indices de selectividad para el draco rayado con los dos copos.
Principales parametros de selectividad para el draco antartico.

Principales indices de selectividad para el draco antartico con los dos copos
probados.

Principales parametros de selectividad para Chaenodraco wilsoni y
Chionodraco rastrospinosus con un copo de 100 mm en la zona de pesca de
joinville.

Leyendas de las Figuras

Dibujo esquematico del copo con cubierta y forro - para estudio de
selectividad (a) y construccién del copo de 80 mm (b).

Dibujo esquematico de la construccion del arrastre de fondo 32/31.
Dibujo esquematico del armado del arrastre de fondo 32/31.

Curva de selectividad para la trama jorobada con una luz de copo de
80 mm.

Curva de selectividad para la trama jorobada una luz de copo de 100 mm.
Selectividad de la trama jorobada en las zonas de pesca de la Antartida.

Curva de selectividad para el draco rayado con distintos copos en las zonas
de pesca de la Antéartida.
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Figura 8

Figura 9

Figura 10

Figura 11

Curvas de selectividad para el draco rayado en zonas de pesca de la
Antartida.

Curva de selectividad para el draco Antartico en distintas zonas de pesca con
ambos tipos de copos. :

Selectividad del draco Antartico en zonas de pesca de la Antartida.

Curvas de selectividad para Chaenodraco wilsoni (a) y Chionodraco
rastrospinosus (b) en la zona de pesca de joinville con un copo de 100 mm.



