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Abstract

Data from individual hauls carried out by vessels operating in the South Georgia krill
fishery between 1994 and 1996 were examined and a range of descriptive measurements
reflecting the fishery operation were produced. The measurements emphasise that the
krill fishery at South Georgia was geographically focused, operating in a limited area
along the shelf edge on the northern coast of the island. Each day several hauls were
undertaken by each vessel (average 7.9 in 1993, 9.9 in 1995, and 7.0 in 1996), with hauls
producing higher catch rates during the middle of the day. Individual hauls were
examined to establish the time required for each phase of the fishing operation. The
times associated with shooting and hauling the net were usually short and showed little
variation, whereas the time associated with the actual fishing period was longer and
more variable. The time between consecutive hauls was almost as long as the fishing
period and showed similar levels of variability. Distances moved between consecutive
hauls were generally small, suggesting that little effort was spent searching for fishable
swarms beyond the near neighbourhood. The range of measurements describing the
fishery indicates that differences existed between years, with 1995 being a better season
than either 1994 or 1996. Aspects of mesoscale variability are discussed in relation to
previous attempts to model fisheries data and to derive suitable abundance indices that
are sensitive to changes in biomass. The focused nature of the fishery at South Georgia
suggests that fisheries-based indices may be of value for management purposes,
consequently further detailed analysis would be useful.

Résumé

Examen des données de chacun des traits effectués par les navires ayant péché le krill
pres de la Géorgie du Sud entre 1994 et 1996 et présentation d’une série de valeurs
reflétant les opérations de la pécherie. Ces données soulignent que dans cette région la
péche de krill était localisée, dans un secteur longeant la bordure du plateau sur la cote
nord de l'ile. Chaque jour, les navires effectuent plusieurs chalutages (en moyenne 7,9
en 1993, 9,9 en 1995 et 7,0 en 1996), et les taux de capture les plus élevés sont ceux des
chalutages effectués vers le milieu de la journée. Les traits sont examinés un par un
pour déterminer le temps nécessaire pour chacune des phases d'une opération de péche.
La mise a l'eau et la remontée du chalut sont en général de courte durée et varient peu
alors que la péche méme est plus prolongée et de durée plus variable. Le temps passé
entre deux traits est presque aussi prolongé que la phase de péche et présente un niveau
semblable de variabilité. La distance parcourue d'un chalutage a un autre est le plus
souvent courte, ce qui laisse entendre que la recherche d’essaims exploitable se limitait
aux alentours et qu'elle ne nécessitait qu'un d’effort de péche restreint. L’intervalle de
valeurs décrivant la pécherie met en évidence des différences entre les années : 1995
était une meilleure saison que 1994 ou 1996. Les aspects de la variabilité a échelle
moyenne sont discutés par rapport aux anciennes tentatives de modélisation des
données de péche pour en dériver des indices utiles d’abondance qui soient sensibles
aux changements de biomasse. Le caractére trés localisé de la péche autour de la
Géorgie du Sud indique que les indices dérivés de la péche peuvent étre valables a des
fins de gestion. De ce fait, il pourrait étre utile de procéder a une nouvelle analyse
détaillée.
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Perome

B pesynpTaTe aHasiM3a OaHHBIX N0 OTACJIBHBIM TPaJICHUSIM, BBIIOJHEHHBIM
TpayJiepaMH, OCYIIECTBJISBIIMMU IIpOMbIcesT KpuJia B palione FOxHoil ['eopruu 3a
nepron 1994-1996 rr., OblJ1 IOJTyYeH psif ONHUCATEIBHBIX IOKa3aTesieil MPOMBICTTOBBIX
onepanuii. CorjlacHO 2TUM noKaszareasaMm mpombices1 Kpuis y FOxHo#l T'eoprumu,
HocuBHiuil reorpadpuuecku cocpeAOTOYECHHBIH XapakTep, HPOBOOHJICS B
OTPaHHYEHHOM paiioHe — B[I0JIb IpaHuibl wesibda y CeBEpHOro MoOepeXbs OCTPOBA.
EXegHeBHO KaXA0€ CyIHO BBINOJIHSJIO HECKOJIBKO TpaJieHuii (B cpeaneM 7,9 B
1993 1., 9,98 1995 r. 1 7,0 8 1996 r.), npryem yJIOBH ObL/IM KPYIHEE B CEPEAUHE [IHS.
OTnesibHBIE TpasieHHsl OBLTH PACCMOTPEHBI C HEJIBIO ONMPEAE/IEHUS TOro, CKOJIBKO
BPEMeHH TPedyeTcs [JISl BHIMOJHEHUS KAXKAOro 3Tana HPOMBICTIOBHIX Onepaiiii.
Bpems, 3arpayeHHOE Ha YCTAaHOBKY M BEIOOPKY ceTi, OOBIYHO OBLIIO KOPOTKUM M MaJio
HU3MEHSIOCh, B TO BpeMs Kak NepHod (PaKkTHYECKOro BeJeHHs NpoMbIcia 011 Gostee
OPOJOJIXKUTEJBHBIM H H3MEHYMBBIM. Bpems MexXay mocsjiefoBaTe/IbHBIMU
TPAJICHUSIMH OBIJIO TOYUTH TAKOHW XK€ HPOMOJIKUTEIIBHOCTH H TaKOH XKe CTEeHeH:
U3MEHYUBOCTH, UTO M [IEPHOH BEICHUS IPOMbBICa. TOT (hakT, UTO pacCTOSTHHE MEX Y
MOCJICIOBATEIIBHBIMHI TPAJICHUSIMA OOBIYHO OBLIO HEGOJIBIIUM, TOBOPUT O TOM, YTO
MaJI0 BpEMEHH 3aTPaunBaJIOCh Ha MOHCK KOMMEPUYECKHX KOLEHTpaunid Kpusisi. Pspn
ONKCATEJIbHBIX MOKa3aTeJieil yKa3blBaeT Ha Pa3/Muus MEXAy rogamu, npudyeM 1995
Obl1 Gosiee “ymaunbiM” romom, Hexeau 1994 wuam 1996 rr. Bompocw
ME30MacIiTadHOR U3MEHUHBOCTH O0CYXAal0TcA Ha (DOHE HPEAbIAYIHX MONBITOK
CMOJE/IMPOBATE NMPOMEICTIOBBIC JAHHBIC W PACCUMTATHL MHACKCH UHMCIIEHHOCTH,
YyBCTBUTEJIbHBIC K H3MEHEHHIM B OnomMacce. CocpeqOTOUCHHBIH XapakTep MpoMbIcia
y FOxwnoii ['eopruu TOBOPUT O BO3MOXKHOCTH TPHMEHEHUS TPOMBIC/IOBBIX HHAECKCOB
[UI yIIpaBJIEHUs, B CBSA3U C YeM PEKOMEHIYETCS IIPOBENIEHHE AasTbHEHIIero aHam3a.

Resumen

Se efectud un andlisis individual de los datos de los arrastres realizados por barcos que
participaron en la pesqueria del kril en Georgia del Sur entre 1994 y 1996, y se
elaboraron varias medidas descriptivas que reflejan las operaciones pesqueras. Las
medidas confirman que la pesqueria de kril en Georgia del Sur se concentraba
geograficamente en un area reducida del borde de la plataforma, en la costa
septentrional de la isla. Cada barco realizé varios lances diarios (promedio 7,94 en 1993,
9,89 en 1995, y 6,96 en 1996), y los arrastres del mediodia dieron tasas de captura
mayores. Se examinaron los arrastres en forma individual para establecer el tiempo que
se requiere para cada etapa de las operaciones pesqueras. En general el tiempo
empleado en el lance y el izado de la red es corto y demuestra escasa variacion, en tanto
que el periodo de pesca es mas largo y de mayor variabilidad. El periodo entre lances
consecutivos fue casi tan largo como el perfodo de pesca y demostrd niveles similares de
variabilidad. Las distancias recorridas entre lances consecutivos fueron por lo general
pequenas, indicando que se empled escaso esfuerzo en la bisqueda de cardimenes
explotables mas alld de las aguas circundantes. El rango de las medidas descriptivas de
la pesquerifa indica que hubo diferencias interanuales, la temporada de 1995 fue mejor
que las de 1994 y 1996. Varios aspectos de la variabilidad a mesoescala fueron
considerados en relacion a tentativas anteriores cuyo objetivo era modelar los datos de
las pesquerias y derivar indices de abundancia que sean sensitivos a los cambios de la
biomasa. El hecho que la pesqueria se concentra geograficamente en un drea reducida
de Georgia del Sur indica que los indices que se basan en las pesquerias pueden ser de
utilidad para los fines de ordenacién, y por lo tanto un anélisis adicional mas detallado

serfa conveniente.

Keywords: South Georgia, krill fishing, haul positions, haul times, bathymetry, shelf-break, CCAMLR

INTRODUCTION

In managing fisheries for Antarctic krill,
CCAMLR has placed considerable emphasis upon
applying information on krill distribution and
abundance. The ecosystem approach to
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management adopted by CCAMLR regards such
information as critical to estimating sustainable
catch levels as well as ensuring that adequate
concentrations of prey remain for dependent
species. Many of the recent estimates of standing
stock in CCAMLR Area 48 were derived from



acoustic surveys (e.g. Biomass, 1986; Miller and
Hampton, 1989; Murphy et al., 1991; Trathan et
al., 1991; Trathan and Everson, 1994; Brierley et
al., 1997). Such surveys, however, only provide
single estimates of krill abundance and offer little
information on how distribution is varying.

Fishing vessels operate for several months of
the year and move around according to the local
availability of krill. Consequently, they are
potentially a major source of additional
information on krill distribution and abundance.
This is not a new concept and such data have been
used previously (e.g. SC-CAMLR, 1985).
However, in order to use fisheries data the
operational characteristics of the fishing fleets
need to be understood (Butterworth and Miller,
1987; Everson, 1988; Butterworth, 1988a; Mangel,
1988; Fedoulov et al., 1996). Thus, understanding
changes in the perceived abundance of krill
requires an understanding of a wide variety of
environmental (see review by Miller and
Hampton, 1989) and socio-economic factors.
Although socio-economic factors such as fishing
strategy, processing methods, product appeal,
market size, value, etc. operate at different levels
to environmental factors, they are just as
influential in determining where, when, and how
a fishery operates.

In order to encourage the recording of
appropriate data, Butterworth (1988a) and
Mangel (1988), amongst others, highlighted the
need to establish careful logging of information
by trawlers on an individual-haul basis. Such
logging was considered the only means by which
sufficient information could be derived for the
preparation of any reliable fisheries-based
abundance index. Since the late 1980s and early
1990s detailed information about fishing grounds
and about individual hauls has become
increasingly available (e.g. Endo and Ichii, 1989;
Ichii et al., 1994; Murphy et al., 1997), such that it
is now possible to re-examine the possibility of
providing reliable indices.

As part of any such consideration, the initial
step must be to provide a comprehensive
summary of the available data. Thus, using data
from individual hauls we provide a detailed
description of the krill fishery at South Georgia,
building upon an earlier spatial analysis of the
fishery undertaken by Murphy et al. (1997). Here
we describe new information about the location,
timing and duration of the fishing season, the
number of vessels operating in the fishery,
variability in net operations and variability in
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catch rates. We also make inferences about the
probable operation of vessels based on the
evidence from the hauls. Finally we also consider
other kinds of information not currently available,
but probably necessary for the future calculation
of reliable abundance indices.

METHODS
Database Description

Since August 1993, haul-by-haul data have
become available from krill fishing vessels
operating close to South Georgia. A spatial
analysis of these data was presented by Murphy
et al. (1997), and additional recent information has
now been incorporated into the haul database. In
this paper we describe data up to 25 September
1996. The main krill fishing season at South
Georgia occurs during the austral winter and
spans the end of one CCAMLR reporting year
and the beginning of the next. Therefore to aid
clarity in this study, data have been analysed
by calendar year. All haul data have been
examined and checked to ensure that records
were self-consistent and that times and positions
were consistent with other records. A few records
(~1.5%) contained missing values for some fields.

Each database record contains data taken
directly from the fishing logbook, including dates
and times for different stages of the fishing
process. For example, the time when the net was
shot is recorded, as is the time when the net began
to fish, the time when hauling started and the
time when hauling was completed. Thus, the
time interval for each stage of the fishing process
has been calculated by using the appropriate date
and time fields. The following definitions have
been used throughout this paper:

e shoot time:
the time at the start of shooting the net for each
trawl;

 fishing start time:
the time at which shooting was completed and
the net began to fish;

e fishing end time:
the time at which hauling started and the net
stopped fishing;

e haul end time:

the time at which hauling stopped and the net
was back on deck;
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» fishing period:
the time between the start and end of fishing;
and

¢ time between haul:
the time between the end of one haul and the
start of the next haul.

Each record also contains a single nominal
position for the haul (at a resolution of one minute
of arc for latitude and longitude). Distance
between consecutive hauls was estimated as the
distance between these given positions.

Each database record contains a value for the
total catch (kilogram) from the haul. Thus the
catch rate, that is the catch per unit effort, has
been calculated as the catch per minute of the
fishing period (kilogram per minute).

Analysis of Records

A basic description of the data was made using
statistical analyses undertaken with the program
Minitab™ Release 9. Positional information and
catch details for individual hauls were also loaded
into a marine Geographic Information System
(GIS) established using Arc/Info 7.2 (ESRI)
software (Trathan et al., 1993a) and a simple
spatial analysis was undertaken. The GIS
included a digital coastline of South Georgia
(McDonald et al., 1987) and bathymetry digitised
from the Approaches to South Georgia Chart
(Hydrographic Office, 1992).

RESULTS

Although the haul database starts in the latter
part of the 1993 season, the number of records
from that year is small. As a consequence, the
analysis was only carried out for those years that
are complete and for which the full season’s data
have been collated, i.e. 1994, 1995 and 1996.

Vessels Present in the Fishery

Between May 1994 and September 1996, krill
fishing vessels from Japan, Poland and Ukraine
operated at South Georgia and recorded data
from individual hauls. For ease of reference, each
vessel was assigned an individual identification
code (Figure 1). The size of the fleet was variable
with different numbers of fishing vessels
operating in different years. Most vessels from
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Poland and Ukraine operated for just a single
year, while vessels from Japan were present on a
more regular basis, with three vessels present in
each season and a fourth in 1995 and 1996.

In some years vessels from the same nation
arrived at South Georgia at similar times. For
example, in 1995 four vessels from Ukraine
arrived within two days of each other (vessels 11,
12, 13 and 14). Similarly, in some years vessels
from the same nation left at similar times. For
example, in 1994 two vessels from Japan left on
the same day (vessels 2 and 3).

Within their main fishing season some vessels
did not fish for prolonged periods, for example
vessel 5 in 1994. Thus, the total number of vessel
fishing days was variable between years, with
255 vessel days in 1994, 307 in 1997 and 410 in 1996.

Duration of the Fishing Season

Even though different fleets and different
vessels were present at South Georgia, it is clear
that there was a reasonably well-defined fishing
season. Fishing usually commenced during the
latter part of May, or in early June (Figure 1) and
ended in August or September. A limited number
of hauls were also taken outside these dates. For
example, in 1994 vessel 6 took eight hauls during
March and vessel 5 took three hauls during early
October. Those hauls which occurred outside the
main season have not been included in
subsequent analyses reported in this study.

Location of the Fishery

During 1994, 1995 and 1996 the South Georgia
krill fishery operated along the northern edge of
the continental shelf, with little fishing activity
close inshore or over deep water. At South
Georgia the shelf occurs at depths less than 250 m
(Everson, 1984; Hydrographic Office, 1992); the
shelf edge is abrupt with depths increasing
rapidly over a very short distance (Figure 2). In
1994 the fishery was restricted to a submarine
bank north of Cape Charlotte (Figure 3 — label
CC). The fishery stayed close to this bank
throughout the entire season (Figures 3a, b, ¢
and d), and there was little activity elsewhere in
the region.

During 1995 the fishery operated over a wider
area than during 1994 (Figure 4). In the early part
of the season (Figures 4a and b) the fishery



operated in two locations; the first was close to
the bank north of Cape Charlotte which had been
the focus of the 1994 fishery, while the second was
close to a second bank 75 km to the west.
Towards the end of the season (Figures 4c and d)
the fishery spread to other areas along the
northern edge of the shelf.

During the 1996 season fishing activity started
in May, again over the bank to the north of Cape
Charlotte, although some vessels made a few
isolated hauls before they reached their main
fishing grounds (Figure 5a). In June and July
fishing activity spread to the west (Figures 5b
and c), covering the same banks that were fished
in early 1995. By August the main fishing location
had moved to the west (Figure 5d), and by
September (Figure 5e) it was some distance west
of South Georgia.

The movement of the fishery along the
northern edge of the shelf has been reported
previously (Fedoulov et al., 1996; Murphy et al,,
1997), however the movement towards the west
does not occur in all years (Figure 3). The
movement is irregular, with the greatest shift in
August and September, at the end of the season
when there are fewer vessels in the area (Figure 4d
and also Figures 5d and e).

Number of Hauls per
Vessel per Day

Hauls at South Georgia were of short duration
with an average of between 7 and 10 hauls carried
out each day by each fishing vessel (Table 1). The
pattern of hauls per day was generally similar in
1994 and 1996, however in 1995 there was a
greater proportion of days when a larger number
of hauls were undertaken. In each year the first
(Q1) and third (Q3) quartiles were equidistant
about the median, with the median very close to
the mean number of hauls per day. This would
indicate that fishing is a full-time process, with
little time spent on other activities such as
searching for krill concentrations.

Effort Recorded for Each Haul

The time intervals for each stage of the fishing
process are shown in Table 2. Of the different
phases of the operation, the actual fishing period
showed the greatest variability in time to
complete. This was not unexpected as the time
needed to shoot the net and the time needed to
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haul the net would be approximately constant,
both being largely mechanical processes. In
contrast the fishing period would be dependent
upon both the target species (krill) and the
experience of the fishing master; for example,
important factors which affect the duration of the
fishing period include the local density of krill
within the aggregations being fished, the number
of swarms encountered during a haul, the skill
with which swarms are tracked, and the intended
catch rate compatible with the desired krill
product.

The time interval between consecutive hauls
also showed high levels of variability, with the
amount of time being of similar magnitude to the
actual time spent fishing (Table 2). That this
period was variable with substantial differences
between years is consistent with the suggestion
that some search effort is associated with each
haul and with locating swarms which are of a
fishable size and density. However, in each of the
three years the interval between hauls was limited
and search time would have been very short. This
would be the case particularly if the interval
between consecutive hauls also included time
associated with other operations, for example
vessel relocation, processing of catch, or delays
caused by bad weather and sea state.

Some of the time intervals between hauls were
greater than 24 hours, for example vessel 5 in 1994
(Figure 1). Such intervals may reflect time away
from the area, periods of bad weather, time spent
re-victualling the vessel or trans-shipping
processed krill products. For these longer time
intervals, hauls often recommenced within a
relatively short distance of where they had
previously stopped (n = 109, mean distance =
25.8 km; standard deviation = 45.7; median
distance = 7.4 km); these records have been
excluded from Table 2. Following exclusion of
the longer interval records, the time periods
between consecutive hauls were, on average,
shorter than those reported previously (cf.
Butterworth, 1988a; Mangel, 1988).

In 1995 both the average fishing period, and
the average interval between consecutive trawls,
were shorter than the corresponding periods for
either 1994 or 1996 (Table 2). The total elapsed
time for the overall net operation was therefore
shorter in 1995, which is consistent with the
greater number of hauls made in that year
(Table 1).
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Distance between
Consecutive Hauls

Distances between hauls were usually small
(Table 3), consistent with the restricted area of
operation (Figures 3, 4 and 5) and the large
number of hauls per day (Table 1). In each year
the mean and the median were different,
indicating that some hauls were separated by
distances which were larger. However, the
pattern each year was generally similar, with
many hauls separated by distances of less than
2 km, and most (80%) separated by less than 7 km.

To determine whether the average distance
between consecutive hauls varied for the different
months of the same fishing season, an analysis of
variance was used. For 1994 the analysis
indicated that the distance between hauls was not
significantly different for the different months in
the season (Fsies = 1.48; P > 0.200). This is
consistent with the restricted scatter in the haul
positions around the bank north of Cape
Charlotte (Figure 3). In comparison, during 1995
and 1996 the distance between hauls was
significantly different for the different months of
the season (Fszo0 = 16.90; Fizsn = 6.44; P < 0.001;
for 1995 and 1996 respectively). This difference is
consistent with the scatter of hauls evident in 1995
and 1996 (Figures 4 and 5), with the fishery being
more tightly clustered in June and July and less
tightly clustered towards the end of the season.

After each haul is complete, the distance to the
next haul will be dependant upon the strategy of
the fishing master, for example a vessel may turn
to fish the same krill patch on a reciprocal course,
or target a completely different patch. If vessels
follow the former approach, then the distance
between hauls will be less than the actual distance
covered during a haul. To determine whether
vessels used this approach, the distance between
hauls (Table 3) was compared with the time
estimates for each phase of the fishing operation
(Table 2). In 1994, 1995 and 1996 respectively, the
average time interval between shooting the net
and completing the haul allowed a nominal
distance of approximately 13.5, 11.3 and 14.4 km
to be travelled, assuming a constant speed of
4 knots during the haul. These nominal distances
are much greater than the mean distance between
consecutive hauls (Table 3). Such a situation is
compatible with vessels returning along a
reciprocal course and would arise when vessels
repeatedly targeted the same patch.
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Catch Size and Catch
Rate per Haul

Maximum catch size is generally constrained
by the time needed to ensure that the catch does
not deteriorate before processing is complete.
Thus, in the past catches were generally restricted
to less than 8 tonnes per haul, both in the Japanese
fleet (Shimadzu, 1985; Butterworth, 1988a) and in
the Soviet Union fleet (Dolzhenkov et al., 1988).
At South Georgia catches were often larger than
this (Figure 6), though individual catches varied
considerably. The proportion of medium- to
large-sized catches (10 000-20 000 kg) was lowest
in 1994, intermediate in 1996 and highest in 1995.
The total recorded catch was 17 282, 34 091 and
25 675 tonnes in 1994, 1995 and 1996 respectively,
with the Japanese fleet accounting for the largest
proportion. Differences between fleets were also
evident in the average size of catches in each year,

with Poland consistently taking smaller hauls
(Table 4).

An analysis of variance indicated that the
average catch (kilogram per haul) was different in
the separate years (Fyz = 130.16; P < 0.001), as
was the average catch rate (kilogram per minute)
(F2,7909 = 344.11; P < 0.001) (Table 5). Overall,
catches and catch rates were higher in 1995 than
in either 1994 or 1996, though this masked some
differences between fleets, for example the Polish
catches and catch rates were actually lower in
1995.

There were no areas where catch rates were
always high, although in each season almost all of
the catch rates which were high occurred towards
the east of the fishing area over the bank to the
north of Cape Charlotte. Thus, the top 10% of
catch rates (kilogram per minute) for each of 1994,
1995 and 1996 (Figure 7) occurred close to the area
where the fishery started and remained for much
of the season. The high catch rates (top 10%)
generally occurred during June and July and
became more infrequent towards the end of each
season, though in 1994 they also continued into
August.

Time of Day and Catch Rate

During each of the fishing seasons, vessels
operated continuously throughout the day with
catches taken during the night as well as in
daylight hours. There was a slightly greater
number of hauls made between 0800 and
1700 hours (local time). An analysis of variance
indicated that the catch rates made at different
times of day (Figure 8) were different (Fa o0 = 34.95;



Fasso = 13.69; Fasoeso = 6.33; P < 0.001; for 1994,
1995 and 1996 respectively). Thus, assuming
approximately 10 hours between sunrise and
sunset (nominally for June and July at 54°00°S;
35°30°W), a two-sample T-test based on
10 daylight hours (hours 0700 to 1659) and
14 night-time hours (hours 0000 to 0659 and hours
1700 to 2359) indicated significant differences
between daytime and night-time catch rates
(T =25.14; T = 14.35; T = 10.72; P < 0.001,
assuming unequal variances; for 1994, 1995 and
1996 respectively).

Depth of Trawling

An analysis of variance indicated that the
depths of trawling at different times of day were
different (Fas = 4.48; Frusn = 2.90; Fasge = 5.74;
P < 0.001; for 1994, 1995 and 1996 respectively).
However, the differences in depth were generally
small (~10 m) when compared to the likely
distance between the trawl headrope and
footrope.

DISCUSSION

Krill fishing vessels from Japan, Panama,
Poland and Ukraine have reported data on catch
and effort to CCAMLR for Subarea 48.3 since the
start of the 1994 fishing season. The historical
record of the fishery in Subarea 48.3 is
documented in the CCAMLR Statistical Bulletin
(e.g. CCAMLR, 1997), however this record is
presented at a relatively coarse resolution
(Murphy et al,, 1997). Three of the four nations
also recorded data for the individual hauls
included in the dataset described here. There are
differences in the area of Subarea 48.3 and the
area covered by the dataset of individual hauls,
however the dataset for individual hauls
represents nearly all (78%) the catch reported to
CCAMLR for Subarea 48.3 during the
corresponding time period (cf. CCAMLR, 1997).
Thus, the dataset for individual hauls provides a
useful description of the commercial krill fishery,
and a valuable insight into how the fishery
operates around South Georgia and in
Subarea 48.3.

Operational Description
of the Fishery at South Georgia

Since 1990, the start and end dates of the
tishing season in Subarea 48.3 have been variable
(CCAMLR, 1997), with fishing activity starting in
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April (1 year), May (5 years) or June (1 year), and
ending in August (1 year), September (2 years),
October (1 year), November (1 year) or December
(1 year). In recent years the end date of the season
has been more variable than the start date. This
may be related to the prevailing catch rates, the
quality and size of available krill, or the date on
which water becomes ice-free in the traditional
fishing grounds elsewhere in Area 48 (cf. Everson
and Goss, 1991). The pattern of start dates and
end dates in the dataset of individual hauls
conforms to the historical pattern (cf. CCAMLR,
1997), with the start date being more regular than
the end date.

As vessels arrive at South Georgia, they
sometimes undertake a few isolated hauls as
they approach their traditional fishing grounds
(Figure 5a). Vessels from the same nation often
arrive together and leave together (Figure 1).
Some vessels remain close together during much
of the season which suggests that these vessels
may cooperate by passing information which
increases the overall productivity of the fleet. In
the past the Soviet fishery operated as a
cooperative unit, with the activities of locating
and of fishing largely the responsibilities of
different vessels (Mangel, 1988), whereas trawlers
of the Japanese fleet operated independently of
each other (Butterworth, 1988b). The degree to
which cooperation occurs between individual
vessels in the various national fleets has not been
documented in recent times, and a detailed
examination of the relationship between vessels
would be of considerable interest.

At South Georgia the fishery is almost
exclusively located north of the island (Figures 3,
4 and 5), operating at the edge of the continental
shelf. In each of the years for which data are
available, fishing started in the east of the region,
and much of the fleet spent the early part of the
season close to a large submarine bank north of
Cape Charlotte (Figures 3, 4 and 5). Fishing
activity around this bank was highly focused and
it appears that these fishing grounds are
extremely important, presumably reflecting a
reliable availability of krill in that area.

Throughout the 1994 season the fishery
remained close to the bank north of Cape
Charlotte (Figure 3). In comparison, during 1995
the fishery stayed close to the bank (and another
similar bank 75 km to the west) through the early
part of the season (Figures 4a and b), but moved
away at the end of the season (Figures 4c and d).
This movement was also apparent during the
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latter part of 1996 when the fishery moved away
to exploit other areas along the northern shelf
edge (Figures 5d and e). Why vessels move away
from this bank is unclear, although it presumably
relates to availability and quality of krill in the
area (cf. Endo and Ichii, 1989).

Around South Georgia fishing occurred
throughout the day, with hauls made during the
hours of day and night (Figure 8). Each vessel
made several hauls per day (Table 1), with hauls,
on average, of short duration (Table 2). The times
taken to shoot the net and to haul the net were
brief and showed only limited variability. In
comparison, the time spent trawling and the time
spent between hauls was longer and more
variable. For many hauls the distance travelled
between consecutive hauls (Table 3) was less than
the nominal distance travelled during hauls. This
is compatible with vessels returning along the
reciprocal course to fish through the same patch.
Occasionally vessels relocate slightly further
afield before the regular pattern is resumed. Such
relocations occur at all times of the day and are
not restricted to a particular period. More than
32% of hauls occur within 2 km of the previous
haul and less than 10% are further apart than
10 km. Such a pattern of operation suggests that
most of the time that the fleet is over the fishing
grounds is directed towards fishing, and that little
time is spent searching beyond the near
neighbourhood for fishable aggregations. The
South Georgia krill fishery thus appears to be
highly directed, with little exploration beyond
areas of known concentration; there appears to be
little time spent searching, relocating, readying
gear, trans-shipping, and little time lost due to
bad weather.

The catch per haul and the catch rates per haul
(Table 5) were extremely variable, and differed
significantly between years. Catches and catch
rates also differed between fleets (Table 4), with
Polish catches and catch rates being substantially
lower than those of Japan and Ukraine. The
magnitude of the difference between fleets is
compatible with differing fishing strategies and
also with the production of different krill
products.

In general the hauls with the highest catch
rates (top 10%) occurred in the east of the region,
close to the bank north of Cape Charlotte (Figure 7).
The majority of these hauls occurred during June
and July. Only in 1994 did high catch rates
continue into August. In each year catch rates
were higher during daylight hours than at night
(Figure 8), a situation possibly related to differing
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aggregation characteristics at different times of
day (cf. Marr, 1962; Everson, 1982). Diel
migration of krill could affect availability to the
fleet if krill tended to concentrate in particular
regions, for example at levels close to the seasonal
thermocline (cf. Kalinowski and Witek, 1980;
Hampton, 1985). Availability to the fleet may
therefore reflect mesoscale differences in
dispersion as well as mesoscale differences in the
standing stock. Similar considerations regarding
local dispersion and the potential effect upon
catch rates have been recognised previously
(Dolzhenkov et al., 1988).

Management Implications
of the Operational Description

At South Georgia fishing activity occurs
almost exclusively in a narrow band
approximately 20 km wide along the northern
shelf (Figures 3, 4 and 5), particularly at the shelf
edge and close to prominent submarine banks.
This restricted distribution contrasts markedly
with the distribution of krill reported from
acoustic surveys, for example Murphy et al. (1991)
have shown that krill occur over the shelf, at the
shelf edge and over deep offshore waters. It is
therefore interesting to speculate why only some
areas of krill are targeted by the fishery. It may be
that the character and frequency of aggregations
are affected by environmental factors such as
bathymetry, hydrography (Witek et al., 1982),
primary production (Hamner et al., 1983; Weber
and El-Sayed, 1985) and predator disturbance
(O’Brien, 1987), or by innate behavioural
characteristics such as an ontogenetic migration
(cf. Siegel, 1988; Trathan et al., 1993b). Whatever
the cause, it is likely that only aggregations of a
certain character can be fished profitably
(Butterworth, 1988b), and that at South Georgia
these mainly occur at the shelf edge.

That fishing vessels return year after year to
those areas where predictable concentrations of
krill occur highlights the conservative character of
the fishery at South Georgia. These areas, such as
the bank north of Cape Charlotte, conceivably
reflect the highest levels of available krill in the
area, particularly during the main fishing season
in June and July. Thus, within these areas it is
feasible that differences in krill availability are
reflected by differences in catch, either of
individual vessels, or of national fleets.
Furthermore, if the availability of krill within the
traditional fishing grounds reflects the availability
of krill elsewhere at South Georgia, and if the
relationship is proportional (cf. Butterworth,



1988a), then monitoring and analysing catch
levels has considerable potential in providing
advice for management.

Fisheries-based indices with management
potential have been critically examined in the
past, in particular by Butterworth (1988a) and
Mangel (1988). Both these evaluations considered
open oceanic systems where vessels spent time
searching for concentrations of swarms, before
within-concentration searching for fishable
swarms took place. At South Georgia the fishery
appears to be highly predictable, so that the
within-concentration indices developed by
Butterworth (1988a) and Mangel (1988) may have
considerable utility. These indices incorporated
search time and reflected changes in biomass
better than did those which were based on catch
per fishing time. Butterworth (1988a) refined his
index and divided search time into primary
search fime (PST) and secondary search time
(§ST), with the former defined as the time
required to find a swarm within a concentration
and the latter as the time needed to finish
processing the just-completed catch. At South
Georgia PST appears to be almost negligible
(Table 2), whereas SST may be more important; a
situation apparently comparable to that in the
Japanese krill fishery north of the South Shetland
Islands (cf. Endo and Ichii, 1989).

In order to understand the components of
search time and their relevance to the South
Georgia krill fishery, further consideration is
required. In particular, operational aspects of the
tishery such as the differences between fleets, the
differences within fleets, the degree to which
vessels cooperate and act as a unit, as well as any
seasonal and geographical differences, should
each be examined. Some of these questions can be
addressed with currently available data such as
the dataset described here. Others, such as the
measurement of PST and SST, are more difficult
to address as the necessary data are not currently
available, though appropriate analysis of vessel
activity data collected at random times of day
under the CCAMLR Scheme of International
Scientific Observation (SC-CAMLR, 1993) may
help.

CONCLUSION

Certain aspects of krill fishing vessel activity
may be viewed as a consequence of variability in
either krill abundance or in krill aggregation level.
Reliably detecting such variability using currently

Haul Data from the South Georgia Krill Fishery

available fisheries-derived information is difficult,
however the nature of the fishery at South
Georgia may make this a future possibility. Such
a possibility arises because the commercial fishery
at South Georgia is highly focused, targeting krill
concentrations which occur in known or
predictable areas.

A range of fisheries-based indices may be
needed to reflect the stock status and resolve
differences between years, particularly if different
vessels have different operational targets (e.g.
high quality compared to high volume).
Development of such indices must be based on a
detailed understanding of the fishery operation.
Therefore future work is needed in order to better
understand certain critical aspects of the
operation, such as search time, processing time
and quality of krill.
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Table 1:  Mean number of hauls carried out per vessel each day. Mean, standard deviation (SD)
and median with first and third quartile.

Year n Mean SD Q1 Median Q3

1994 2 025 7.9 3.0 6.0 8.0 10.0

1995 3 035 9.9 4.6 7.0 10.0 13.0

1996 2 854 7.0 3.1 5.0 7.0 9.0
Table 2:  Mean time duration in minutes for different stages of the fishing process. Mean,

standard deviation (SD) and median with first and third quartile.

Year n Mean sD Q1 Median Q3
Time between shooting the net and the start of fishing

1994 2 025 15.5 5.7 10.0 15.0 20.0

1995 3 035 15.5 8.9 10.0 15.0 15.0

1996 2 854 12.4 9.1 10.0 10.0 15.0
Time between the start of fishing and the end of fishing

1994 2 025 70.1 40.9 45.0 65.0 85.0

1995 3 035 51.9 32.5 30.0 50.0 70.0

1996 2 854 82.0 43.4 50.0 70.0 105.0
Time between the end of fishing and the end of the haul

1994 2 025 24.1 6.9 20.0 20.0 25.0

1995 3 035 24.4 6.9 20.0 25.0 30.0

1996 2 854 22.5 6.9 20.0 20.0 25.0
Time between the end of the haul and the next shooting of the net

1994 1991 59.2 150.0 15.0 25.0 40.0

1995 2 990 42.1 106.5 0.0 20.0 45.0

1996 2 812 78.5 131.2 30.0 45.0 70.0
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Table 3:  Mean distance in kilometres between consecutive haul positions for each vessel. Mean,
standard deviation (SD) and median with first and third quartile.
Year n Mean SD Q1 Median Q3
1994 2 009 49 16.9 1.1 2.2 5.7
1995 3 024 5.1 10.6 1.8 3.7 5.8
1996 2 827 6.2 14.6 1.8 2.9 6.6
Table 40 Mean catch by fleet and year (kﬂo%ram per haul). Mean, standard deviation (SD) and
median with first and third quartile.
Nation n Mean SD Q1 Median Q3
1994
Japan 1 306 8 928 6 349 4 000 7 000 13 900
Poland 260 4 451 2 821 2 500 4 300 6 075
Ukraine 459 9 727 6 024 4 000 10 000 15 000
1995
Japan 1 259 15 018 6 934 11 100 13 500 17 000
Poland 266 2 861 2 057 940 3 200 4 285
Ukraine 1 510 9 552 4 546 7 000 10 000 11 500
1996
Japan 1104 11 646 5 527 7 000 11 470 15 000
Poland 1 385 5 556 3 904 2 640 5100 7 600
Ukraine 365 14 038 11 056 4 500 10 000 20 131
Table 5. Catch (kilogram per haul) and catch rate (kilogram per minute) for each year. Mean,

standard deviation (SD) and median with first and third quartile.

Year 1 n Mean l SD l Q1 Median Q3
Catch per haul

1994 2 025 8 534 6 147 3 830 7 000 13 000

1995 3 035 11 233 6 639 7 000 10 500 14 000

1996 2 854 8 996 6 820 4 300 7 200 12 000
Catch rate

1994 2 025 158.5 153.3 50.0 107.1 230.8

1995 3 035 334.7 368.2 137.3 239.4 400.0

1996 2 854 172.7 229.3 50.0 107.1 204.5
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Figure1:  Periods of operation for krill fishing vessels at South Georgia. Vessels 1, 2, 3 and
4 (Japan), vessels 5, 6, 7, 8, 9 and 10 (Poland), and vessels 11, 12, 13, 14 and
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Date

15 (Ukraine). Top panel 1994, middle panel 1995, bottom panel 1996.

Figure 2:

Bathymetry close to South Georgia (Hydrographic Office, 1992),
with isobaths at 200 and 1 000 m. Cape Charlotte is identified by the
label CC.
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Figure3:  Position of individual hauls made by krill fishing vessels at South
Georgia in 1994: (a) May; (b) June; (c) July; and (d) August. Cape
Charlotte is identified by the label CC.
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Figure4:  Position of individual hauls made by krill fishing vessels at South

Georgia in 1995: (a) June; (b) July; (c) August; and (d) September.
Cape Charlotte is identified by the label CC.
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Figure 5:
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1996 Month: 8

Year. 1996 Month: 9

Position of individual hauls made by krill fishing vessels at South
Georgia in 1996: (a) May; (b) June; (c) July; (d) August; and
(e) September. Cape Charlotte is identified by the label CC.
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Figure 7

High catch rates

Positions for top 10% of catch rates (kilogram per minute) from each
year. Cape Charlotte is identified by the label CC.
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Box and whisker plots of catch rates (kilogram per minute) throughout the day from
individual hauls made by krill flshmg vessels at South Georgia. The bottom of each box
is at the first quartile (Q1), the top is at the third quartile (Q3) and the line near the middle
is at the median. The whiskers are the lines which extend from the quartiles to the lowest
and highest observations still inside the regions defined as Q1 - 1.5 (Q3- Q1) and Q1 + 1.5
(Q3 - Q1). Top panel 1994, middle panel 1995, bottom panel 1996.
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Liste des tableaux

Nombre moyen de traits effectués par navire et par jour. Moyenne, écart-type (SD) et médiane ainsi
que premier et troisiéme quartiles.

Durée moyenne en minutes des différentes phases du processus de péche. Moyenne, écart-type (SD)
et médiane ainsi que premier et troisieme quartiles.

Distance moyenne en kilométres entre les traits consécutifs pour chaque navire. Moyenne, écart-
type (SD) et médiane ainsi que premier et troisiéme quartiles.

Capture moyenne par flotte et par année (kilogrammes par trait). Moyenne, écari-type (SD) et
médiane ainsi que premier et troisiéme quartiles.

Capture (kilogrammes par trait) et taux de capture (kilogrammes par minute) pour chaque année.
Moyenne, écart-type (SD) et médiane ainsi que premier et troisiéme quartiles.

Liste des figures

Périodes d’opération des navires de péche de krill en Géorgie du Sud. Navires 1, 2, 3 et 4 (Japon),
navires 5, 6, 7, 8, 9 et 10 (Pologne) et navires 11, 12, 13, 14 et 15 (Ukraine). Figure du haut : 1994, du
milieu : 1995 et du bas : 1996.

Bathymétrie a proximité de la Géorgie du Sud (Hydrographic Office, 1992) et isobathes 200 et
1000 m. Le cap Charlotte est indiqué par CC.

Position des divers traits effectués par les navires péchant le krill autour de la Géorgie du Sud en
1994; a) mai; b) juin; c) juillet; d) aotGt. Le cap Charlotte est indiqué par CC.

Position des divers traits effectués par les navires péchant le krill autour de la Géorgie du Sud en
1995; a) juin; b) juillet; c) aotit; d) septembre. Le cap Charlotte est indiqué par CC.

Position des divers traits effectués par les navires péchant le krill autour de la Géorgie du Sud en
1996; a) mai; b) juin; ) juillet; d) aotit; ) septembre. Le cap Charlotte est indiqué par CC.

Capture par trait (kilogrammes) des divers traits effectués par les navires péchant le krill autour de
la Géorgie du Sud. Figure du haut: 1994, du milieu : 1995 et du bas : 1996.

Position des 10% de taux de capture les plus élevés (kilogrammes par minute) pour chaque année.
Le cap Charlotte est indiqué par CC.

Graphe de cases et lignes verticales (kilogrammes par minute) de chaque trait effectué par les
navires péchant le krill prés de la Géorgie du Sud tout au long de la journée. Le bas de chaque case
correspond au premier quartile (Q1), le haut, au troisieme quartile (Q3) et 1a ligne proche du milieu &
la médiane. Les lignes verticales partent des quartiles pour atteindre les observations des points le
plus faible et le plus élevé a I'intérieur des secteurs définis en tant que Q1-1,5(Q3-Q1)et Q1 + 1,5
(Q3 - Q1). Figure du haut : 1994, du milieu : 1995 et du bas : 1996.
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CpenHee KOTMUECTRBO TpasieHuil/ nenb/cyaHo. Cpendee, cragaapraoe orkiosenne (SD) u mennana
C IEPBOIi 1 TPEThEH KBAPTUIISIMHU.

CpemHsiga NpOAO/IKUTEIBHOCTD PA3JIMYHBIX 3TANOB NPOMBICIIOBBIX onepanuii (B MunyTax). Cpenuee,
CcTaHAapTHOE OTKJIOHeHHe (SD) u MeauaHa ¢ nepBol U TpeThell KBapTHIISIMU.

Cpenﬂee PacCCTOAHNC MCXK Y TOCJCAOBATEIILHBIMY TPAJICHUAMN, BLINIOJHEHHBIMHE KaXABIM

cyaHoM (B KkusioMerpax). CpemHee, cTaHOapTHOe oTKJIoHedHe (SD) 1 MennaHa ¢ nepBoii u TpeThei
KBAPTUJISIMH.
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Cpemauii BbUJIOB 1O CTPaHaM U rogam (Kr/tpasenue). CpenHee, craHgapTHOE OTKJIOHeHHE (SD) u
Me/[iMaHa C IEpBOH U TPEThEH KBAPTHIISIMMU.

BeutoB (xr/Tpasienne) u koapduuuenT BbIoBa (Kr/MunyTy) no rogam. Cpeasee, cTaHgapTHOE
oTkJIoHeHHe (SD) n Memana ¢ epBoit M TpeTheil KBapTIJIAMI.

CnHCOK pPUCYHKOB

Tlepuonsl BeaeHusT MPOMBICTIA KpuyieBbIME Tpayjepamu vy FOxuoit I'eoprmm. Cypa 1, 2, 3 u 4
(Snonus), cyma 5, 6, 7, 8, 9 u 10 (Tlosbwa), u cyaa 11, 12, 13, 14 u 15 (Yxpauna). Hagepxy -
1994 r., B cepenune — 1995 r., BHu3y - 1996 1.

Batumerpus s6/m3n FOxwnoii I'eoprun (Hydrographic Office, 1992); nokazannsl uzo6atel B 200 u
1000 M. Mpic IlapsioTT 0603Hauen kak CC.

MecTonoJ/ioX enne OTAeJIbHBIX TpaJieHuH, BbIIOJHEHHBIX KPHJAEBBIME Tpayaepamu y FOXHO#M
Il'eorpruu 8 1994 r.: (a) maii (b) urons (¢) mosb (d) aBrycr. Meic [apsiort o6o3naven kax CC.

MecTono/10XeHue OTOeTbHBIX TPaJieHUi, BBINOJIHEHHBIX KPHJICBbIMU TpayJiepamu y HOXHO#

[leorpruu B 1995 r.: (a) wons (b) wrons (¢) aprycr (d) cenradps. Muic apaorT 0603HaueH Kak
CC.

MecTonoJ/10XeHne OT[IeIbHbIX TPaJieHUH, BBINOJTHEHHBIX KPHJIECBbIME TpayJsiepamu y HOXHOI

T'eorpruu B 1996 r.: (a) mait (b) monb (¢) uroae (d) aBrycr (e) cenTsdops. Mreic HlapiorT
o6o3nauen xak CC.

Y n0B Ha TpaJsieHue (B KMJiorpamMmax) B cjydvae psia TpaJICHHH, BbIIOJHEHHBIX KPUJIEBBIMU
Tpaysiepamu y FOxuoii I'eorprun. Hasepxy - 1994 r., B cepenune - 1995 r., Ban3y - 1996 r.

MecTono0XeHHs, i€ eXerogHo Hadarogamuch Hansbiciude 10% xoad¢GuuaeHToB BblJIOBA
(xunorpammpl/MunyTy). Muic IHaprorr obo3nauer kak CC.

JreBHble K0a(hDUUMEHTD! BBIJIOBA (KUJIOMPAMMBI/MHHYTY ), PACCUATAHHBIE C MOMOILBIO JAHHBIX 110
OTIENBHBIM YJIOBAM, HMOJIyYEHHBIM KPHJIEBBIMU TpayJsiepaMH B paifone FOxmnoill ['eoprumn.
OcHoBaHHEe KaX[J0T0 KBagpaTa COOTBETCTBYeT nepBoit kBaprusie (Q1), BepmuHa - TpeTheil
kBapruiie (Q3), a JIMHUSA OKOJIO CepefinHbl — MeArana. JIMHUYM 33 mpefesiaMu KBaapaTos (Tak
Ha3bIBaeMbIC YChi) MPOCTUPAIOTCS OO MHUHUMAJIGHOrO M MaKCHUMasIbHOrO HaGuoeHnil BHYTpH
paitoHoB, onpeaenenHblx Kak Q1 - 1,5(Q3 - QD) m Q1 + 1,5 (Q3 -~ Q1). Hagsepxy - 1994 r., B
cepenude — 1995 r., Buu3y - 1996 1.

Lista de las tablas

Promedio de lances diarios efectuados por barco. Promedio, desviacion cuadratica media (SD) y
mediana con el primer y tercer cuartilos.

Duracion promedio (en minutos) de distintas etapas de las operaciones de pesca. Promedio,
desviacion cuadratica media (SD) y mediana con el primer y tercer cuartilos.

Distancia promedio (en kilémetros) entre la posicion de dos lances consecutivos para cada barco.
Promedio, desviacién cuadratica media (5D) y mediana con el primer y tercer cuartilos.

Captura promedio por flota y afio (kilogramos por lance). Promedio, desviacién cuadratica media
(SD) y mediana con el primer y tercer cuartilos.

Captura (kilogramos por lance) y tasa de captura (kilogramos por minuto) para cada afio. Promedio,
desviacién cuadrdtica media (SD) y mediana con el primer y tercer cuartilos.
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Lista de las figuras

Periodos de pesca de los barcos pesqueros de kril en Georgia del Sur. Barcos 1, 2, 3 y 4 (Japén),
barcos 5, 6,7, 8,9y 10 (Polonia), y barcos 11, 12, 13, 14 y 15 (Ucrania). Cuadro superior 1994, cuadro
intermedio 1995, cuadro inferior 1996.

Batimetria cerca de Georgia del Sur (Oficina Hidrogréfica, 1992), con isébatas a 200 y 1 000 m. Cabo
Charlotte se encuentra identificado por las iniciales CC.

Posiciéon de lances individuales efectuados por los barcos pesqueros de kril en Georgia del Sur en

1994: (a) Mayo; (b) Junio; (c) Julio; y (d) Agosto. Cabo Charlotte se encuentra identificado por las
iniciales CC.

Posicién de lances individuales efectuados por los barcos pesqueros de kril en Georgia del Sur en

1995: (a) Junio; (b) Julio; (c) Agosto; y (d) Septiembre. Cabo Charlotte se encuentra identificado por
las iniciales CC.

Posicion de lances individuales efectuados por los barcos pesqueros de kril en Georgia del Sur en
1996: (a) Mayo; (b) Junio; (c) Julio; (d) Agosto; y (e) Septiembre. Cabo Charlotte se encuentra
identificado por las iniciales CC.

Captura por lance (kilogramos) de lances individuales efectuados por barcos pesqueros de kril en
Georgia del Sur. Cuadro superior 1994, cuadro intermedio 1995, cuadro inferior 1996.

Posiciones de las tasas de captura més altas (10% de todas las capturas, en kilogramos por minuto)
para cada afio. Cabo Charlotte se encuentra identificado por las iniciales CC.

Gréficos de barras y lineas verticales de las tasas de captura (kilogramos por minuto) en el
transcurso del dia, de los lances individuales efectuados por los barcos de pesca de kril en Georgia
del Sur. La base de cada barra estd en el primer cuartilo (Q1), el extremo superior en el tercer
cuartilo (Q3) y la linea cercana a la mitad es la mediana. Las lineas verticales son las que se
extienden desde los cuartilos hasta las observaciones mas altas y mas bajas que aun se encuentran

dentro de las regiones definidas como Q1 - 1.5 (Q3 - Q1) y Q1 + 1.5 (Q3 - Q1). Cuadro superior 1994,
cuadro mediano 1995, cuadro inferior 1996.



