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DISTRIBUTION CHARACTERISTICS OF KRILL AGGREGATIONS IN THE
FISHING GROUND OFF CORONATION ISLAND IN THE 1989/90 SEASON

S.M. Kasatkina and V.I Latogursky*

Abstract

Distributional characteristics of krill aggregations in the Coronation
Island fishing ground were examined in relation to environmental
factors, the biological condition of krill and the performance of the
fishery. Investigations were carried out from October 1989 to
February 1990. An echosounder was used to assess the characteristics
of krill aggregations. Krill was harvested by standard midwater trawls
with a horizontal mouth opening of 33 m. All common types of krill
aggregations were recorded in the Coronation Island area over the
observation period. From November to February scattered forms of
krill tended to combine into larger aggregations. Wind force had no
direct or indirect influence on the types of krill aggregations or their
density. The increased temperature towards the end of the season,
however, assisted the development of phytoplankton which in turn led
to an increase in krill concentration. The biological parameters of krill
examined (stages of maturity, sex ratio and krill size) varied according
to aggregation type. The results obtained should be regarded as
preliminary since they were based on data from one season only.
Distributional characteristics of krill aggregations varied significantly
over time. It was therefore recommended that CPUE simulation studies
take into account the actual distributional features of targetted
aggregations and the catchability rates of the trawls used at different
times in the life of the fishery.

Résumé

Les caractéristiques de la répartition des concentrations de krill dans le
lieu de péche proche de 1'lle du Couronnement ont été examinées par
rapport aux facteurs de l'environnement, a la condition biologique du
krill et a la performance de la pécherie. Les recherches ont été menées
d'octobre 1989 a février 1990. Un écho-sondeur a servi a 1'évaluation
des caractéristiques des concentrations de krill. Le krill a été péché par
des chaluts pélagiques standard d'une ouverture horizontale de 33 m.
Tous les types courants de concentrations de krill ont été signalés dans
la région de l'ile du Couronnement au cours de la période
d'observation. De novembre & février, le krill dispersé a eu tendance a
se grouper en concentrations plus larges. La vitesse du vent n'a eu
aucune influence directe ou indirecte sur les types de concentrations de
krill ou sur leur densité. Par contre, vers la fin de la saison, la hausse
de la température a favorisé le développement du phytoplancton, ce qui
a alors provoqué une augmentation des concentrations de krill. Les
parametres biologiques du krill examiné (stades de maturité, sex ratio et
taille du krill) ont varié€ selon les type de concentrations. Les résultats
obtenus devraient étre considérés comme étant préliminaires, vu qu'ils
sont basés sur les données d'une seule saison. Les caractéristiques de
répartition des concentrations de krill ont varié considérablement au
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cours du temps. Il a de ce fait été recommandé que les €études par
simulation de la CPUE tiennent compte des caractéristiques mémes de la
répartition des concentrations visées et des taux de capturabilité des
chaluts utilisés a différentes époques de l'historique de la pécherie.

Pe3woMe

XapaKTepUCTUKM  pacnpejiesieHusi  arperauiii  KpuJasi B
MPOMBICJIOBOM paiioHe y o. KopoHeiimH 6b1Jii paCCMOTPEHHI B
CBsi3M C (aKTOpaMH OKpyXawliel cpeAabl, 6UoJIOrHYeckUuM
COCTOSIHUEM KpWJIsI U pe3yJbTaTaMd MpoMbicja. Pa6oTsl
MPOBOAMUJIVCh B IepUoA ¢ OKTsi6psi 1989 r. no ¢epasb 1990 r.
OieHKa XapaKTEpPHCTHUK arperanuii KpuJsl MpPOBOAUJIACH C
NMoOMolbl0 3XoJioTa. IIpoMmbices KpuJisi BeJicsl CTaHZAapTHBIM
Pa3HOrVIy6UHHBIM TpaJiIOM C TOPU3OHTAJbHBIM PaCKpPBITUEM
MeXAy KpblibsiMH B 33 M. 3a nepuoj HabawaeHHs B palioHe O.
KopoHeiinH 6biJid 3aperucTpupoBaHbl BCE€ H3BECTHbIE TUITHI
arperauuii kpuJsi. C Hosi6pst Mo ¢epaab 6bl1a OTMEUEHa
TeHAeHL U yBeJIHUEHHsI KOHLIEHTpal U KpHJIsi oT
Paspo3HeHHbIX CKOMJIEHUI A0 KPYMHbIX arperauuit. CuJa BeTpa
He OKasbiBaJia HU MPSIMOIo HU KOCBEHHOI'O BJWSIHUSI Ha TUIIbI
CKOMJIEHUI! KPWJSA M UX NJIOTHOCTb. OZHAKO, MOBbIMEHUE
TEMIEPATYpPbl K KOHLY Ce30Ha CIOCO6GCTBOBAJIO Pa3BUTUIO
(UTONJNAHKTOHA U, Kak pe3yJbTaT 3TOro, IOBRbIMEHUI
KOHUEHTpaluu KpHJsi. BuoJjoruueckue napamMeTpbl KpuUJs -
CTaAUH 3pEJIOCTH, COOTHOWEHUE TOJOB U pa3Mep -
pas/jHyaJUCh B 3aBUCHUMOCTU OT TUIMA KOHUEHTpauui.
MonyueHHble BBIBOABI CJielye€T CUMTATb INpeJBapUTEJbHBIMH,
MOCKOJIbKY OHU 6blIM MOJyueHbl Ha MaTepHaJaxX TOJbKO
OAHOro ces3oHa. XapakTepHUCTHUKHU pacrnpeAesieHUsl arperaiuii
KpHWJisi Ha MPOMBICJOBOM YUaCTKe CYIMECTBEHHO MEHsIJIUCb BO
BpeMeHUu. B pesysbTaTe 3TOro 6b1J1I0 pEKOMEHJAOBAHO IpHU
pacuere BesuuuHsl CPUE  MeToZOM  MaTeMaTUUECKOro
MoAeqUpoBaHUs1  NMPUHUMATh BO  BHHMaHMe  peaJibHble
XapakTepPUCTUKHU pacnpejiejieHuss KpHJs B O6JIaR/IMBAEMBIX
arperayusix W YJOBHCTOCTb HCIOJIb3yeMbIX TpaJiOB B
pa3JiHuHble MepUoAbl TPOMBICIIA.,

Resumen

Se estudian las caracterfsticas de distribucién de las concentraciones de
krill en los caladeros de la isla Coronaci6n en relacion a los factores del
entorno fisico, la condicién biol6gica del krill y la actuacién de la
pesquerfa. Los trabajos de investigacién se llevaron a cabo desde
octubre 1989 a febrero 1990; empledndose un ecosondas para evaluar
las caracteristicas de las concentraciones. Las pescas de krill se
realizaron con un arrastre peldgico estdndar cuya abertura horizontal de
la boca era de 33 m. Durante el perfodo de observacién de la zona de la
isla Coronacién, se registraron todos los tipos comunes de
concentracién. De noviembre a febrero las formaciones dispersas de
krill tendfan a formar agrupaciones més amplias. La fuerza del viento
no influyé en la forma de las concentraciones ni en su densidad.
Sin embargo, el aumento de la temperatura hacia el final de la
temporada provocé la formaci6n de fitoplancton lo que a su vez origind
el crecimiento de la concentracion de krill. Los pardmetros biolégicos



del krill examinados (fases de madurez, proporcién de sexo y tallas)
variaron segiin el tipo de concentracién. Los resultados obtenidos
deben considerarse preliminares ya que se han basado Gnicamente en
los datos de una sola temporada. Las caracteristicas de distribucion de
las concentraciones de krill variaron considerablemente segiin la época.
Se recomienda por lo tanto que los estudios de simulacién de la CPUE
tengan en cuenta las caracterfsticas reales de distribucién de las
concentraciones escogidas, asf como los indices de capturabilidad de
los arrastres utilizados en las distintas épocas de la pesqueria.

1. INTRODUCTION

The characteristics of krill distribution have been the subject of a series of scientific
works (Kalinowski and Witek 1982, 1985; Anon., 1986; Godlewska and Kluzek, 1988; Miller
and Hampton, 1989; William and Hamner, 1984).

The data used in most of these papers have been obtained as a result of scientific
programs such as FIBEX and BIOMASS. The study of krill CPUE also requires knowledge of its
distributional characteristics in fishing grounds (Endo and Ichii, 1989). These characteristics
are determined by environmental factors as well as the biological condition of krill.

The authors have attempted to examine changes in distributional characteristics of krill
aggregations in fishing grounds as they relate to krill biology and the performance of the
fishery.

2. MATERIALS AND METHODS

Investigations were carried out on board a fishing vessel which did not have
echo-integrating equipment, a fact which severely limited the amount of hydroacoustic
information obtained. Distributional characteristics of krill aggregations were assessed on the
basis of echogram recordings according to a methodology developed by AtlantNIRO (1985).

Since a hydroacoustic assessment of the effectiveness of the midwater trawl type 74/416
used for taking krill was not carried out, catchability was calculated on the basis of statistical
probability models used for fishing trawls. This method is quite accurate when used to assess
trawl catchability and is an acceptable alternative to hydroacoustic methods (Kasatkina, 1989;
Kadilnikov et al.). Maximum krill speed in the calculations was taken to be V,,,,=0.23 m/s
(Kasatkina and Myskov, 1986, Hamner, 1984). Trawl specifications for the type 74/416 are
given in Table 1.

CPUE (Catch-per-unit-effort) was assessed as catch per hour of trawling because
expended fishing effort can be expressed as trawling time for a standard trawl. Since we are
examining the performance of a single vessel, the 74/416 type trawl is taken as standard.

A well-grounded estimate of mean catch per hour of trawling, Q/hr, (Ivanova, 1988;
Smith, 1980) was calculated in the following manner; '
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m(Q/hr) =
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where Q; = catch in haul i;
Ty,; = duration of hauli;
n = number of hauls over the study period.

Relative error of mean catch per hour of trawling is

& @Q/Mn) = %({’—h 9‘—)

i,
where t, = confidence coefficient according to confidence probability &;
O, = standard deviation of catch per haul;
M, = mathematical expectation of catch per haul;
0, = standard deviation of the duration of one haul;
m, = mathematical expectation of the duration of one haul.

Krill biological condition was determined according to “Methodical Instructions on
Sampling and Primary Treatment of Biological Material and Data on Antarctic Krill in situ”
(Moscow, VNIRO, 1982).

Sea surface temperature was measured to within 0.2°C of accuracy.

3. RESULTS

The entire period of investigations (18 November 1989 to 27 February 1990) may be
divided into six smaller periods during which fairly similar krill aggregations were recorded.

The distribution of krill and the catchability coefficient of the 74/416 midwater trawl
were evaluated for each of these time intervals (Table 2). Data on catch per hour trawling are
given in Table 3; daily catch and fishing effort expended are shown in Table 4.

(Period I) 18 November to 3 December 1989

Observations were carried out over two fishing grounds during this period: north-east
(50°10'S to 59°30'S and 43°30'W to 44°W) and south-west (Figure 1).

In the daytime, krill was recorded as a scattered layer in the 10 to 140 m depth range
with interrupted, short tracks formed by poorly defined swarms. In periods of darkness
(between dusk and dawn), krill was located above depths of 40 m, forming a dispersed
sub-surface layer. Daily vertical migration was indistinct (Figure 2).
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Mean catch per hour of trawling was m(Q/hr) = 2.15 tonnes (Table 3). Commercial
catches (mM(Q/hr) = 13.4 tonnes, 0, = 6 tonnes ) were obtained due to prolonged periods of

trawling: m, = 5.8 hrs, 6, = 2.5 hours.

Wind force over this period dropped from 3.5 to 2 on the Richter scale while water
temperature was between 0° and 0.5° (Figure 4a).

In the north-east fishing ground, mean krill length was 47.8 mm and 45.4 mm in the
south-west. The sex-ratio was 0.67 for males and 1.08 for females. A sharp drop in the
proportion of post-spawning males and a significant increase in the number of females with a
normal thorax were noted in the south-west towards the end of the study period (Figures 3b
and 3c). The maturity stages of female ovaries were from 1 to 3 (Figure 3g) and 60% of
females had spermatophores. Krill feeding intensity increased somewhat throughout the study
period (Figure 3e).

(Period IT) 4 December to 18 December 1989
The fishing ground was located to the north-west of Coronation Island (Figure 1).

Krill aggregations were recorded as fields of swarms dispersed in the depth layer of
approximately 70 m. Towards nightfall these swarms ascended to the surface and dispersed,
forming a rather uniform and sparse layer or separate sparse patches after 11 p.m. Swarming
occurred with the onset of dawn (2:30 to 3:00 a.m.) and after five a.m. these swarms migrated
downwards (Figure 2b).

Mean catch per hour of trawling was m(Q/hr) = 3.9 tonnes (Table 3). Catchability
coefficient when targetting such aggregations was calculated to be P = 0.0605 (see Table 2).

It should be noted that a temporary redistribution of krill took place from 7 to 8
December. In daylight hours, krill adhered to depths less than 90 m and formed swarms of
higher density: '

A= 1.38.10“ m?, B = 0.2089.

Catchability coefficient was calculated at P = 0.116. Catch per hour of trawling
increased to m(Q/hr) = 7.5 tonnes. Catch per haul was m(Q) = 24.7 tonnes; G = 5.4 tonnes

and trawling duration: m; = 3.3 hours, 6, = 1.0 hrs. Wind force rose to 4 and temperature
dropped to below 0°C towards the end of the period (Figure 3a).

In Period II, mean krill length was from 44 to 47 mm and the sex-ratio of males and
females was 0.99. The proportion of post-spawning males notably increased due to those
maturing for the first and repeat times and also specimens at the “rest” stage (Figure 3b). A rise
in the number of females with enlarged thoraxes due to maturation of eggs was observed. Krill
feeding intensity reached its highest level (Figure 3d). Up to 80% of females had
spermatophores.

The temporary redistribution of krill on 8 December, which changed the nature of the

aggregation, coincides with a transition period in mating and feeding (see Figures 3b and 3f
from 1-7 December to 8-15 December 1989).
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(Period IITI) 9 December 1989 to 7 January 1990

The fishing ground shifted somewhat towards the west (Figure 1). Swarms were
distributed over a wide range of depths and vertical migration was quite distinct (Figure 4). At
night-time (23:00 to 2:00), krill formed sub-surface, sparse patches. In daylight hours
column-shaped swarms having a vertical extent of up to 70 m were recorded.

Tables 2 and 3 show that the density of the targetted concentration was somewhat lower
compared to the previous period. However, due to the increased catchability of the trawl, the

value m(Q/hr) practically remained the same and was equal to 3.99 tonnes.

Wind force for this period decreased to 2-3 on the Richter scale while water temperature
ranged from 0° to +0.7°C (Figure 3a).

Mean length of krill in catches was 47.7 mm and the sex-ratio of males and females was
0.99. There was a continued increase in the proportion of mature males as well as females with
an enlarged thorax (Figures 3b and 3c). Mature females were not encountered. Towards the
end of the period, feeding intensity decreased notably judging by the drop in the proportion of
specimens with dark and dark green livers. About 100% of females had spermatophores.

(Period IV) 8 to 28 January 1990

The fishing ground shifted somewhat to the south-east (Figure 5). Targetted krill
swarms were recorded as “tracks” with clearly defined daily vertical migration. At night-time
(from O to 2:30) krill formed a sub-surface, scattered layer. The formation of “tracks”, which
during daylight hours adhered to the 50 to 110 mm layer (Figure 6a), began as dawn
approached.

Krill density was low with the average being p, = 2.21 g/m®. However, due to the
increase in trawling duration (M, = 4 hrs) and the relatively high catchability of the trawl

(P = 0.1252), commercial catches were taken (m(Q) = 15.9 tonnes G4 = 5.5 tonnes).

Moreover, catch per hour of trawling was the same as before, being on average 3.98 tonnes
(Tables 2 and 3).

Wind force for the period increased from 2 to 4 on the Richter scale and temperature
rose from 0.7° to 1.2°C (Figure 3a).

Mean krill length increased to 49 mm and the sex ratio was 2.05.

Male sexual maturity was virtually the same (Figure 3b), although females underwent
some significant physical changes (Figures 3b and 3g). Female gonads fully matured and
spawning was able to take place. Feeding intensity reached its maximum level in this period
(Figure 3e) and catches per hour trawling increased (Figure 3a).

(Period V) 29 January to 18 February 1990

Fishing grounds were the same as for the previous period (Figure 5).

Targetted aggregations were formed from large swarms (Table 2). In the daylight hours
swarms turned into large irregularly shaped patches or dense, extended layers. At night-time,

concentrations remained at depths of less than 40 m where krill formed a sub-surface, dense

layer from smaller swarms or sparse patches. Daily vertical migration was clearly defined
(Figure 6b).

54




Catch per hour of trawling was m(Q/hr) = 6.2 tonnes, while catch per haul was
m(Q) = 19.6 tonnes.

Mean krill length increased to 50 mm and the sex ratio of males and females was 1.08.

Wind force reached 3 on the Richter scale and water temperature dropped to 0.7°C
(Figure 3a). The proportion of post-spawning males decreased due to their entering the “rest”
stage (Stage II). The number of females with hypertrophied thoraxes as well as those bearing
eggs decreased notably (Figures 3c and 3d) while feeding intensity increased slightly. Catches
per hour trawling on average increased (Figure 3a).

(Period VI) 19 to 27 February 1990

The fishing ground was the same as previously (Figure 5). During the day, swarms

with varying density field A, formed aggregations. It was observed that adjacent swarms
formed concentrations. At night-time, the distributional pattern of krill was practically
unchanged in comparison with the previous Period V.

High density (p, = 12.2 g/m?) and a high trawl catchability rate (P = 0.101) enabled
large catches (m(Q) = 18.1 tonnes) to be taken when trawling duration was relatively short.

Catches per hour trawling were m(Q/hr) = 12.2 tonnes.

Daily vertical migration of krill was down when compared with the previous period
(Figure 7). ‘Wind force increased to 3.5 and the temperature rose to 1.5°C. Catches per hour
trawling reached their maximum levels (Figure 3a). The proportion of males entering the “rest”
reproductive period also increased (Figure 3b). Almost all females spawned. Sex ratio was
1.08. Mean krill length was 49.8 mm.

4. DISCUSSION

Over the observation period from November 1989 to February 1990, all types of krill
aggregations were recorded at the fishing grounds around Coronation Island in accordance with
an established classification system (Kalinowski and Witek, 1985):

. scattered forms (Period I);

. swarms and irregular forms in daylight hours and scattered forms at night-time
(Periods II and III);

. layers in daylight hours and scattered forms at night-time (Period IV);
. irregular forms in daylight hours and scattered forms at night-time (Period V); and

. fields of swarms in the daytime and scattered irregular forms at night-time
(Period VI).

The tendency of krill aggregations to change from scattered krill to swarm field was
established on the basis of data from hydroacoustic surveys conducted in the South Orkney area
in the period from November 1989 to February 1990 and also from other years, €.g. November
1984 to February 1985 (Kasatkina, 1987). Table 4 shows how the mean daily krill catch over
various periods varied from 35 to 46 tonnes.
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With the variation in distribution of targetted krill aggregations there also occurred
significant changes in catch-per-unit-effort and the catchability rate (Tables 2 and 3). For
example, the spatial redistribution of krill from scattered aggregations (Period I) to dense fields
‘of swarms (Period VI) together with increased biomass density (concentrations) and trawl
catchability made it possible to obtain practically an identical mean daily catch even though
almost five times less fishing effort was expended.

The results of our studies agree well with data from earlier hydroacoustic assessments
of fishing gear catchability in relation to krill (Kadilnikov et al., 1989). The latest assessments
demonstrated that the midwater trawl catchability coefficient is a random value and is the
function of behavioural and distributional characteristics of the target species and the
specifications and structural elements of the trawl. Catch-per-unit-effort depends on the
aggregation density of the target species and the catchability of the trawl.

A comparative analyses of the dynamics of change in distributional characteristics of
krill aggregations with environmental conditions and krill's biological condition allows us to
draw the following preliminary conclusion.

Wind force appeared to be normal (2 to 4) and apparently had neither direct nor indirect
effect on the type of aggregations formed and their density.

Water temperature had no direct impact on krill distribution, although increased
temperature towards the end of the observation period raised the temperature gradient of the
thermocline which improves conditions for phytoplankton (Latogursky et al., 1972). This in
turn leads to an increase in swarm density.

Low catches and scatterred swarms in Period I were paralleled by the greatest number of
mating males, the least number of mature females and the lowest levels of feeding intensity. It
should therefore be supposed that intense mating behaviour and low levels of feeding activity
compelled krill to become more mobile, thus determining aggregation type and density. Asa
consequence the fishery was quite successful.

The change in swarm type and the increase in catches in Period II was linked to a
decrease in krill mobility which was determined by a sharp drop in reproductive activity and
improved feeding conditions.

The formation of the above type of aggregations and the decrease in swarm density in
Period III may be primarily the result of a temporary worsening of feeding conditions and the
sharp reduction in the number of females with an enlarged thorax due to egg maturation. Itis
known that a deterioration of feeding conditions leads to krill being scattered (Latogursky,
1972). Moreover, sexual maturation of females at different times means that they will descend
to deeper waters to spawn at different times. This leads to an increase in the vertical extent of
swarms, i.e., a decrease in density.

The fourth observation period witnessed an acute rise in surface water temperature, a
much larger proportion of spawning females, a predominance of males over females by two to
one and also the beginning of spawning. The increase in krill mean length to 49 mm and the
increase in the number of spawning females should have significantly increased krill biomass
on the fishing ground. Despite some negative factors, such as the increase in the number of
males in catches (they are more mobile than females), the overall result was nevertheless
positive and catches started to increase towards the end of this period.

In Period V the proportion of post-spawning males and females grew against a

background of continued increased feeding activity and larger krill size. This facilitated the
increase in aggregation density, krill biomass and, consequently, catch-per-unit-effort,
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The type of aggregations observed in Period VI may be linked to the continued increase
in the proportion of males and females feeding intensely who went into the “rest” reproductive
stage (Stage II in males, non-enlarged thorax in females). This evidently enabled males and
females of the same size groups to form separate swarms.

5. CONCLUSIONS

It may be concluded that in general a relationship exists between types of aggregations
and the biological condition of krill within those aggregations. However, the results obtained
should be regarded as preliminary since only data from one season have been examined.

Distributional characteristics of krill swarms change markedly over time in the fishing
ground. This factor varies the catchability of the midwater trawl and affects the size of the
catch-per-unit-effort. Therefore, when estimating CPUE using modelling it is essential, in our
opinion, to examine the real distributional characteristics of krill in targetted aggregations and
the catchability coefficients of the midwater trawls used during various periods of the fishery.
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Table 1:  Specifications for trawl type 74/416.

Element Value

Vertical opening in the trawl bag 42 m
Vertical opening of fine-meshed insertion 9.5m
Horizontal opening of fine-meshed insertion 9.5m
Horizontal opening between doors 56 m
Horizontal opening between trawl wings 33m
Trawl length along shift from wing tips to fine-meshed insertion 141 m
Length of cable with tow legs 100 m
Trawling speed 3.0 to 3.3 knots
Length of trawl board 4m
Mesh bar of bag netting 12 mm
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Table2:  Mean values of krill distribution parameters and catchability of the 74/416 trawl in the fishing grounds off Coronation Island.
Periods
eter 18 November to 4 December to 19 December 1989 8 January to 29 January to 19 February to
3 December 1989 | 18 December 1989 to 7 January 1990 28 January 1990 18 February 1990 | 27 February 1990
Swarm distribution -
mean layer depth (m) 100 95 100 77 70
Mean vertical extent 15 18 5 17 19
of swarms (m)
Standard deviation of vertical 4 7 2 6 8
extent of swarms (m)
Mean horizontal length of 72 89 28 89 75
swarms (m)
Standard deviation of horizontal 21 25 12 23 18
extent of swarms (m) ‘
Mean swarm diameter (m) [it is 92 120 36 120 84
assumed that swarms are of a
cyclindrical shape]
Mean swarm volume (m?) 9.97x10% 2.03x105 5.09x103 1.92x105 1.05x10°
Relative density of swarms in 0.0298 0.0982 0.2796 0.188 0.168
3-dimensional space,
Density of a field of swarms in 2.98x10°5 4.78x10° 5.4x103 7.52x10°5 1.11x10°
2-dimensional space A,
Mean krill density py,g/m? 449 4.07 2.20 5.88 9.46
(calculated estimate)
Calculated estimate of total 0.0605 0.068 0.1253 0.0807 1.101
catchability of a 74/416 trawl
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Table 3:  Results of targetting krill aggregations off Coronation Island.

Periods
Parameter
18 November to 4 December to 19 December 1989 8 January to 29 January to 19 February to
3 December 1989 | 18 December 1989 to 7 January 1990 28 January 1990 18 February 1990 27 February 1990
Mean catch per haul (tonnes) 134 15.1 13.3 159 19.6 18.1
Standard deviation of catch 6.6 5.8 53 6.5 54 5.7
per haul (tonnes)
Mean trawling duration (hrs) 5.8 3.8 33 4.0 32 14
Standard deviation of 2.5 1.5 1.3 2.5 1.0 0.6
hauling duration (hrs)
Mean catch 2.15 393 3.99 3.98 6.22 12.2
per hour trawling (tonnes)
Relative error of mean catch 0.21 0.209 0.195 0.157 0.138 0.277
per hour of trawling
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Table4:  Daily krill catch and expended fishing effort.
Periods
Parameter
18 November to 4 December to 19 December 1989 8 January to 29 January to 19 February to
3 December 1989 | 18 December 1989 to 7 January 1990 28 January 1990 18 February 1990 | 27 February 1990
Mean daily catch (tonnes) 348 35 35 44.0 46.1 37.8
Standard deviation of 19.1 13.2 13.2 18.1 12.7 119
daily catch
Mean fishing effort expended 15.6 10.7 8.8 112 74 3.1
over 24 hours (hrs)
Standard deviation of mean fishing 6.5 4.1 34 3.5 2.9 14

ffort expended over 24 hours (hrs)
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Figure 1:

Fishing grounds in the Coronation Island area from 18 November 1989 to
7 January 1990.

Period I: 18 November to 3 December
Period II: 4 to 18 December
Period III: 19 December to 7 January.
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Figure 2:
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Daily vertical distribution of krill.

(a) from 18 November to 3 December 1989
(b) 4to 18 December 1989

Shaded area represents dawn and dusk
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Figure 3: Wind force, water temperature in the 5 to 6 m layer.
(a) catches per hour of trawling; (b) male maturity stages; (c) female thorax
condition; (d) female maturity stages; (e) krill feeding intensity.
1 - wind force '

2 - water temperature

3.1 - catches per hour of trawling over short intervals
3.2 - catches per hour of trawling over long intervals
4  -Stagell

5 -StagelV

6 -StageV

7 - thorax not enlarged

8 - thorax enlarged

9 - hypertrophied thorax

10 - Stages I-III

11 - Stages III-IV

12 -StageV

13 - liver yellow

14 - light-green/green liver

15 - dark-green/green liver
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Figure 4: Daily vertical distribution in the fishing ground off Coronation Island,
19 December 1989 to 7 January 1990.
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Figure 5: Fishing grounds off Coronation Island, 8 January to 27 February 1990.
Period I: 8 to 28 January
Period II: 29 January to 18 February
Period III: 19 to 27 February
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Figure 6: Daily vertical distribution of krill.

(a) 8to28 January 1990

(b) 29 January to 18 February 1990
Shaded area represents dawn and dusk
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Figure 7: Daily vertical krill distribution in the fishing ground off Coronation Island, 19 to
27 February 1990.
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Liste des tableaux
Détails du chalut de type 74/416 m.

Valeurs moyennes des parametres de répartition des concentrations de krill, et
capturabilité du chalut 74/416 dans les lieux de péche au large de 1ile du
Couronnement.

Résultats de l'exploitation dirigée des concentrations de krill au large de I'1le du
Couronnement.

Captures de krill, et effort de péche journaliers s'y rapportant

Liste des figures

Lieux de péche de la région de 1'le du Couronnement du 18 novembre 1989 au
7 janvier 1990.

Premiére période : du 18 novembre au 3 décembre

Deuxi¢me période : du 4 décembre au 18 décembre

Troisieme période : du 19 décembre au 7 janvier.

Distribution verticale journaliere :

(a) du 18 novembre au 3 décembre 1989

(b) du 4 au 18 décembre 1989

Les parties hachurées représentent I'aube et le crépuscule.

Force du vent, température de 1'eau dans la couche de 5-6 m.

(a) captures par heure de chalutage, (b) stades de maturité des males, (c) état du
thorax des femelles, (d) stades de maturité des femelles, (e) intensité
d'alimentation du krill.

1 - force du vent

2 - température de l'eau

3.1 - captures par heure de chalutage & intervalles rapprochés

3.2 - captures par heure de chalutage a intervalles espacés

4  -stadell ‘
5 -stadelV

6 -stadeV

7 - thorax non développé

8 - thorax développé

9 - thorax hypertrophié

10 - stades I-IIT

11 - stadesIII-IV

12 -stadeV

13 - foie jaune

14 - foie vert clair/vert

15 - foie vert foncé/vert

Distribution verticale journaliere dans le licu de péche situ€ au large de 1le du
Couronnement, du 19 décembre 1989 au 7 janvier 1990.

Lieux de péche au large de 11le du Couronnement du 8 janvier au 27 février
1990.

Premiére période: du 8 au 28 janvier

Deuxie¢me période: du 29 janvier au 18 février

Troisieme période: du 19 au 27 février




Figure 6:

Figure 7 :

Ta6auna 1:

Ta6auua 2;

Ta6auia '3:

Ta6auua 4:

PucyHoK 1:

PucyHOK 2:

PucyHok 3:

Distribution verticale journaliere du krill:

(a): du 8 au 28 janvier 1990 :

(b): du 29 janvier au 18 février 1990

Les parties hachurées représentent 1'aube et le crépuscule.

Distribution verticale journali¢re du krill dans le lieu de péche situé au large de
I'fle du Couronnement, du 19 au 27 février 1990.

Crivicok TabJu
Cneundukanma TpaJja tuna 74/416,

CpeAHue 3HaueHMsl TMapaMeTpOB  paclpeAesJieHUsl KpWJist U
YJIOBUCTOCTb Tpanaa 74/416 Ha NMpPOMBICJOBBIX yUyacTKax B paloHe
ocTpoBa KopoHeiimH,

Pe3y/bTaThl 06J10Ba arperaluii KpuJsi B palfioHe ocTpoBa KopoHeNH.

CyTO‘-lele Yy J10BbI KPpHJIS U 3aTPpAUYE€HHOE MPOMBICJIOBOE YCHUJIHE,

CNUCOK PHUCYHKORB

IIpoMbic/IOBbIE yUACTKH B palioHe ocTpoBa KopoHerlmH, 18 Hosi6psa
1989 . - 7 aHBapsa 1990,

HIepuoa I: 18 Hos16ps - 3 Aekabps

HNepuona II: 4-18 pekabps

Hepuona III: 19 nekabps - 7 siHBapsl.

CyTOuHOE BEpTHKaJbHOE pacnpeiesieHUe KpUJis

(a) 18 Hos16ps1 - 3 fekabps 1989 T.

(b) 4-18 nekabps 1989r.

IlepuoAbl paccBeTa U cyMepek 0603HaUEHbI IITPUXOBKOI

Cuusia BeTpa, TeMrnepaTypa BoAbl B cjoe 5-6 M.

(a) yJsioBbl 32 uac TpaJsenusi; (b) cTaguM MOJIOBO3PEJIOCTH CaMILOB;
(c) cocTosinue Topakca caMok; (d) cTagWM NMOJIOBO3PEJIOCTH CaMOK;
() UHTEHCUBHOCTb NMOTpe6/eHUs NUIH KPHJIEM.

- CHJIa BETPa

- TeMIepaTypa BOAbl

- YJIOBHI 32 4aC TPaJiI€HHUsI 32 HENPOAOJIKUTEJbHBIN NEPUO]

- YJIOBbI 32 UAC TPaJIEHUSI 3a NPOAOJIKUTENABHBIN TEpHOL

- ctagusa Il

- cTagusalv

- cTagus1 'V

- TOpPaKC He yBeJinueH

- TOpaKC yBeJIMU€eH

- TOpaKC runepTpopupoBaH

-craauu I

- cTaguu II-IV

-crTagusa v

13 - xXeJsTas NeueHb

14 - cBeTJiO-3eJieHas1/3€eJIeHas neyeHb

15 - TeMHO-3eJieHasi/3€eJ1eHasl IeueHb
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PucyHOK 4:

PucyHox S:

PucyHoK 6:

PucyHok 7:

Tabla 1;
Tabla 2:

Tabla 3;

Tabla 4:

Figura 1:

Figura 2:

Figura 3:

72

CyTouHO€ BEpTUKAJbHOE paclnpejeJsieHHe Ha NPOMBICJIOBOM yUaCTKe
B palioHe ocTpoBa KopoHefilH, 19 gekabpst 1989 r. - 7 siHRapsi 1990 T,

HpowmpbicsioBble yuacTKH B paiioHe ocTpoBa KopoHelmH, 8 sitHBaps -
27¢eBpanst 1990 r.

llepuon I: 8-28 siHBaps

epuoa II: 29 siHBapst - 18 ¢peBpans

Mlepuona III: 19-27 ¢peBpans

CyTOuHOe BEPTHKAaJIbHOE pacnpeAesieHUe KpuJsl.

(a) 8-28 siHBaps 1990T.

(b) 29 sinBaps - 18 deBpasst 1990 .

IlepyoAbl paccBeTa U cyMepeK 0603HauUEeHbl LITPUXOBKOM

CyTouHOE BEpTHKaJbHOE paclpelesieHHe KPpUJsli Ha IPOMBICJOBOM
yuacTKe B paiioHe octpoBa KopoHerlinH, 19-27 ¢espaJist 1990 r,

Lista de las tablas
Caracteristicas del arrastre 74/416.

Valores medios de los pardmetros de distribucién del krill y de la capacidad de
captura del arrastre 74/416, en los caladeros de la isla Coronacién.

Resultados de la pesca dirigida a las concentraciones de krill en los caladeros
de la isla Coronacién.

Capturas y esfuerzo pesquero aplicado diarios en la pesca del krill.

Lista de las figuras

Caladeros de pesca de la zona de la isla Coronacién, del 18 de noviembre 1989
al 7 de enero 1990.

Periodo I: 18 de noviembre al 3 de diciembre.

Periodo II: 4 al 18 de diciembre.

Perfodo III: 19 de diciembre al 7 de enero.

Distribucién vertical diaria del krill.

(a) del 18 de noviembre al 3 de diciembre 1989

(b) del 4 de diciembre al 18 de diciembre 1989

Las zonas oscuras corresponden a las horas del crepisculo.

Fuerza del viento, temperatura del agua en la capa de los 5-6m.

(a) capturas por hora de arrastre; (b) fases de madurez de los machos;
(c) estado del térax de las hembras; (d) fases de madurez de las hembras;
(e) grado de alimentacién del krill.

1 - fuerza del viento.

2 - temperatura del agua.

3.1 - capturas por hora de arrastre, en pequefios intervalos.
3.2 - capturas por hora de arrastre, en grandes intervalos.
4 - fase IL

5 - fase IV.

6 - fase V.

7

- térax no aumentado.



Figura 4:

Figura 5:

Figura 6:

Figura 7:

8 - térax aumentado.

9 - térax hiperatrofiado.

10 -faseI-IIL

11 -faseIll-IV.

12 -faseV.

13 - higado amarillo.

14 - higado verde y verde claro.
15 - higado verde y verde oscuro.

Distribucién vertical diaria del krill en el caladero de pesca de la isla
Coronacion, del 19 de diciembre 1989 al 7 de enero 1990.

Caladeros de pesca de la isla Coronacién, del 8 de enero al 27 de febrero 1990.
Periodo I: 8 al 28 de enero.

Periodo II: 29 de enero al 18 de febrero.

Periodo III: 19 al 27 de febrero.

Distribucién vertical diaria del krill.

(a) 8 al 28 de enero 1990

(b) 29 de enero al 18 de febrero 1990

Las zonas oscuras corresponden a las horas del crepusculo.

Distribucién vertical diaria del knll Caladeros de pesca de la isla Coronacién,
del 19 al 27 de febrero de 1990.
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