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SUMMARY

1. Title

Research on the development of Antarctic marine living resources

2. Needs and aims of the project

The Antarctic ocean is known to contain a huge amount of krill stock
and a variety of unique living resources adapted to the cold environment.
The present research has been conducted to obtain basic information and
database on the Antarctic krill to develop an ecologically safe management
alternative and assist our fishing activities in the Southern Ocean and also to

develope techniques to utilize some unique features of Antarctic organisms.

A. Needs
1) Development of new fishing grounds

(1)

(2) Increased quota for the Antarctic krill

(3) Advice to krill fisheries management policy
)

(4) Development of low temperature specific bioactive molecules and genes

B. Aims

(1) Final aims of the project

1) To study the distribution and abundance of the major fisheries
species, Antarctic krill, and the regional oceanography in order to provide
our fishing operators with advice for efficient fishing activities in the

Southern Ocean.

2) To provide scientific data for reasonable determination of krill catch
amount by way of comprehensive study of the Antarctic ecosystem and the

role of krill within the Antarctic food chain.

- 19 -



3) To fomulate krill fisheries management policies with understanding of

processes of krill stock fluctuations and with prediction of the stock.

4) To promote nation’s bio-tech industries through development of

bio-active materials and genes from the Antarctic organisms.

(2) Research goals of the first period (1998-2000)

Most basic and urgent items were selected for the first period. The
aims of the first period are to study the distribution and abundance of
Antarctic krill in the seas around South Shetland Islands which are the one
of the major fishing grounds for krill and to perform basic studies for

development of useful materials from the antarctic organisms.

(3) Research goals of the second period (2001-2003)

The aims of the second period are to study the distribution and
abundance of the Antarctic krill further to the seas around the South Orkney
Islands which comprise the major fishing grounds for krill, to investigate
low-temperature active biological metabolites and enzymes which would be
useful for development of bio-industries, and to obtain the genes and

genomic information specific to the Antarctic organisms.

(4) Research goals of the third period (2004-2006)

The aims of the third period are to understand the governing factors to
determine the distribution and abundance of the Antarctic krill in the
southwest Atlantic sector of Southern Ocean. Relative importance of natural

control and krill harvesting over krill stocks will be examined.
3. Contents and scope of the project

The distribution and abundance of the Antarctic krill are examined in

relation to a combination of environmental factors (e.g. sea ice and wind

- 920 -



field) at key locations. The behaviour and effects of krill fishing are studied
using fisheries data and other data and records in the public domain. In
order to analyse the population structure of the krill, genetic analysis of krill
stocks was to be carried out. Baseline studies such as phylogenetic
analyses and EST studies for discovering useful molecules and genes from

the Antarctic fish species were conducted.

A. Antarctic krill distribution and oceanography in the southwestern
Scotia Sea and the vicinity of South Shetland Islands
A hydroacoustic and oceanographic survey was undertaken from 30
November 2001 to 1 January 2002, around South Shetland Islands and in the
southwestern Scotia Sea. Krill density and distribution were determined by
virtual echogram method which is based on the difference of mean volume
back scattering strength of the two frequencies (38 and 120 kHz).
Characteristics of vertical and horizontal distributions of temperature, salinity,

and density in the study area were examined from CTD data.

B. Distribution of Antarctic krill aroﬁnd South Shetland Islands and the
consequences for krill predators during 2001/2002 summer
A hydroacoustic and oceanographic survey was conducted around the
South Shetland Islands during 2001/2002 austral summer. Variability in krill
distribution and biomass is explained in relation to environmental factors
and the sources of krill population. Its consequences on the reproductive

performance of penguins is also discussed.

C. Acoustic survey of Antarctic krill around South Shetland Islands and
toward Antarctic Peninsula during early summer

A hydroacoustic survey using EKS500 scientific echo sounder was

conducted on Antarctic krill in early December 2002, in the north of the

South Shetland Islands, and the west of the Antarctic Peninsula. Krill
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density and distribution were determined by virtual echogram method which
is based on the difference of mean volume back scattering strength of the

two frequencies (38 and 120 kHz).

D. Differing levels of krill density over mesoscale area in the
southwest Atlantic sector of Southern Ocean during early summer;
possible causes and consequences

Differences in density as well as acoustic characteristics of Antarctic krill
over meso-scale distance are explained in relation to environmental factors
and the sources of krill population. Its consequences on the reproductive

performance of penguins is also discussed.

E. Characterization of aggregations of Antarctic krill and the linkage
with environmental variabilities
We examined morphological characteristics of Antarctic  krill
aggregations using a scientific echosounder (38 and 120kHz) in the Southern
Ocean. Based on the dB difference (2dB <Sv120-38< 16dB) between mean
backscattering strength (Sv) at 120 and 38 kHz, krill aggregations were
delineated. Krill swarms were categorized into a number of groups by
physical dimension, and the frequency of occurrence was calculated. Various
parameters were extracted, and examined in relation to hydrography, sea ice

distribution, and chlorophyll level and so on.

F. Utilization of krill fisheries data

CCAMLR-held krill fisheries data from major fishing nations have been
analyzed to determine the fishing ground selection and its response to a

variety of environmental factors.

G. Genetic analysis of the dynamics of Antarctic krill stocks near

the South Shetland Islands
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This study aims at the examination of annual and geographical change
of the Antarctic krill stocks near the South Shetland Islands. The samples
were collected from the seas of north-west of the South Shetland Islands,
Bransfield strait and the Maxwell Bay. For the genetic analysis of the
samples, DNA sequences of a mitochondrial gene, COl, was analyzed. A
total of 86 samples were analyzed up to now (the South Shetland Islands,

31; Bransfield strait, 27; the Maxwell Bay, 23; Indian Ocean, 5).

H. Digestive gland of Antarctic krill as an indicator of feeding
activity

Digestive gland, the most conspicuous nutritional organ in Antarctic krill

and serves as site of enzyme secretion and nutritional reserve. To explore

its potential use as a feeding indicator, data were collected from field-caught

specimens and starvation and feeding experiment were performed.

I. Sea ice distribution in the Southern Ocean for the past 5

summers

Sea ice is one of the key factors known to govern the distribution of
Antarctic krill. Sea ice distribution in the Southern Ocean for the past 5
summers are described from the data set of DMSP-F13 SSM/I using NASA
algorithm. Distribution in the period between October to February from 1998
to 2003 is presented. Monthly distribution was obtained from a weekly

average centered 15th day of each month.

J. Surface chlorophyll distribution in the Southern Ocean for the

past 5 years
SeaWIFS data were obtained and analyzed to describe the surface

chlorophyll distribution in the Southern Ocean for the past 5 years.
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K. Concurrent examination of sea ice and surface chlorophyll in
relation to krill population
Sea ice and surface chlorophyll are the two key variables most likely to
generate the variability of krill population in terms of distribution and
biomass. Monitoring of these 2 parameters is routinely conducted using
satellites, and satellite data are available to describe the variation of these 2.
Variation of sea ice and surface chlorophyll distribution in the Southern
Ocean for the past 5 years is concurrently examined in relation to krill

population.

L. Utilization and management of krill resources
Previous efforts to develop krill resources and current uses have been
tracked and analyzed. Trends and evolvements to manage krill have been

investigated. Recent movements by CCAMLR to introduce more strict

management regimes are examined.

M. Prospects for Korean krill industry
Past and present of Korean krill industry is described, and new
challenges and potential markets that Korean krill industry are facing are

discussed Research directions and strategies are identified.

N. Lipids and fatty acid from Antarctic krill
Total lipid content, lipid class and fatty acid composition of the Antarctic
krill Euphausia superba collected from the water of King George Island,

Antarctica were investigated.
O. Identification of useful genes from the Antarctic fish,

Notothenia coriiceps

The Antarctic fish lives in the cold environment in which it is
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sometimes below the freezing point. Genes of the fish could have unique
function in order for the fish to adapt to the harsh environment. In order to
identify any biotechnologically useful genes of the fish, a database of the
expressed sequence tags (ESTs) was established and their functions were

inferred.

P. Purification and characterization of psychrophyllic protease
isolated from Antarctic bacteria and fish

A psychrophillic bacterium was isolated from Antarctic marine sediments
and identified as Shewanella gelidimarina species based on the biochemical
properties and 165 rRNA sequence, and designated as Shewanella
gelidimarina 1.93.  Also attempts to identify a protease from Antarctic

Notothenia fish were made.

Q. A study on the development of novel substances from
Antarctic invertebrates

During the course of our search for bioactive metabolites from marine
organisms, four sesterterpenoids including two new metabolites of the

suberitenone class have been isolated from the Antarctic sponge Suberites sp.

4. Results

A. Antarctic krill distribution and oceanography in the southwestern
Scotia Sea and the vicinity of South Shetland Islands
Higher density krill aggregations were mostly found on the continental
slope (1000 to 2000 m depth) at northern central part of the South Shetland
Islands during late in December. In mesoscale area between Elephant island

and South Orkney island, higher density krill patches appeared at around
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1000 m depth in mid-December. biomass density to the north of the South
Shetland Islands during early summer 2001/2002 was within the range of
previous years but there were much less krill to the south of the South
Shetland Islands than usual years. Water masses from T/S diagram were
classified 5 categories - northern part of Polar Front, Polar Front. Antarctic
Circumpolar water, Weddell Sea, Bransfield Strait water. The physical
properties at western transect in hydrographic station between King George
island and Elephant island depend on the water of the Bransfield Strait. On
the other hand, Weddell Sea water flow into the upper water column at the

eastern transect.

B. Distribution of Antarctic krill around South Shetland Islands and the
consequences for krill predators during 2001/2002 summer
During early summer (early to mid December) krill were scarce with
very few swarms to the south of the South Shetland Islands (SSI). Krill
density was also low between King George island and Elephant Island.
Between Elephant Island and South Orkney Island, on the other hand, Kkrill
swarms of average density were present. During late December, krill
density to the north of the SSI was at its u_sual level, and particularly high
to the north of Livingston Island. Surface chlorophyll concentrations, which
were comparable to the past summers, did not seem to bear any significant
relationship to the krill distribution. Low breeding success of gentoo
penguins is probably due to the krill scarcity in the Bransfield Strait. This
may have resulted from the weaker-than-usual inflow of Antarctic
Circumpolar Current into the Bransfield Strait and consequent poor supply or
late arrival of krill. For the areas other than north of the SSI, such as the
area between Elephant Island and South Orkney Islands, and the eastern
part of Bransfield Strait, Weddell Sea may be more important in supplying

krill to the areas.
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C. Acoustic survey of Antarctic krill around South Shetland Islands and
toward Antarctic Peninsula during early summer
High density krill were observed only in the offshore waters in the
north of South Shetland Islands. Generally krill density in the west of
Antarctic Peninsula was far lower. In general, krill biomass is expected to

be lower than average years.

D. Differing levels of krill density over mesoscale area in the
southwest Atlantic sector of Southern Ocean during early summer;
possible causes and consequences

An acoustic survey detected a krill scarcity in the Bransfield Strait
during early summer 2001/2002, however, the area west of South Orkney
Islands exhibited a density similar to other years. It has been reported that
the abundance of krill in different parts of the Southwest Atlantic sector of
the Southern Ocean are linked, influenced by the same gross physical and
biological factors, and the krill biomass within a season does not vary
greatly. There may be, however, within-season, and regional variability of
krill densities. The krill then in these two areas may have been supplied
from different sources or may be responding to local conditions.
Chlorophyll biomass does not explain the different levels of krill biomass
density but the temporal, spatial change of chlorophyll gives a clue. Krill
have been suspected of being transported in water currents, and may have
arrived in the Bransfield Strait from upstream, later than in usual years. On
the other hand, krill found west of the South Orkney Islands may have
originated from the Weddell Sea, which might be another predictable

wintering ground for krill and hence a source of krill supply.
E. Characterization of aggregations of Antarctic krill and the linkage

with environmental variabilities

Krill seem to form well-separated, dense aggregations close to the ice

- 927 -



edge, and these tend to turn into layers that are more diffuse and
interweaving in offshore waters. This may represent a response to a
spectrum in food condition, from concentrated, pulsed to more dilute,
well-spread supplies. Sea ice, harboring krill during winter and releasing

krill during summer, plays a critical role in re-distributing krill.

F. Utilization of krill fisheries data

Krill fishery is conducted in three major grounds, namely South Shetland
Island, South Orkney Islands and South Georgia Island areas. Fishing efforts
migrate northward as winter approaches. There appeared to be preferred fishing
locations by krill vessels and these tended to scatter around 500 m isobath.
CPUE greatly varied between fishing nations and also between years and by
areas. CPUE is not likely to be a direct measure the krill availability. Heavy sea
ice seems to directly impact the timing and location of krill fishing ground
formation. But sea ice condition could cause more inherent changes in the

ecosystem and krill population and then krill fishery might respond to this.

G. Genetic analysis of the dynamics of Antarctic krill stocks near

the South Shetland Islands

DNA sequences of the mitochondrial gene, COI, showed single
nucleotide polymorphisms in 56 out of 636 positions of the examined region.
Such differences formed 66 haplotypes, most of which were singletons. The
haplotypes were grouped into four types (A, B, C, D). The large number of
haplotypes from the 86 individauals indicates that the genetic composition of
the krill is diverse. On the other hand, the gene sequences did not show
any distinction in terms of their sampling sites and time, indicating that

there seems to be a single genetic stock of the krill in the studied area.

H. Digestive gland of Antarctic krill as an indicator of feeding

activity
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Relative size of digestive gland as a proportion of carapace length and
its color can be used as indices of recent feeding activity and prey types.
Data from field caught specimens indicate detectable differences in these
indices reflecting variable food environment. Starvation and feeding
experiments demonstrate that digestive gland accumulate the recent feeding
activity of the animals in temporal scale from days to weeks. Determination
of the gland size and color over a range of time and space will yield a
great deal of useful information regarding the varying food environment and

the response of the animals to those changes.

I. Sea ice distribution in the Southern Ocean for the past 5

summers

Sea ice distribution in the Southern Ocean displayed a distinct seasonal
pattern. Sea ice starts a considerable retreat from December and reaches a
lowest level in February. Nevertheless, inter-annaul variation and regional

variation in its extent were substantial.

J. Surface chlorophyll distribution in the Southern Ocean for the
past 5 years

Surface chlorophyll distribution in the Southern Ocean for the past 5

years is described using the SeaWiFS data. The distribution displayed a

distinct seasonal pattern and significant inter-annual and regional variation.

K. Concurrent examination of sea ice and surface chlorophyll in

relation to krill population

Some coastal bays are regularly and predictably covered with sea ice
and exposed with ice re-retreat during summer. These areas normally
experience enhanced chlorophyll level. These areas, Marguerite Bay, Weddell

Sea, Ross Sea, Prydz bay, may be critical for maintaining and supplying
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krill population to the rest of Southern Ocean. In-depth analysis of these

target areas will improve our understanding of the mechanisms how this is

maintained and the roles these areas play in governing krill population.

L. Utilization and management of krill resources

A variety of techniques were developed to utilize krill and this resulted
in more than 300 patents registered. A package to comprehensively utilize
krill and some of their features and marketing may result in realization of
krill's potential and an expansion of krill fishery. Currently krill's catch
limits are determined by CCAMLR in a conservative way that decline of
the target population is highly unlikely and also a sufficient amount is left
for the predators. More strict management regimes are likely to be brought

into place.

M. Prospects for Korean krill industry
Korean catch of Antarctic krill is now topping the list. Ecosystem based
resources management has become the norm to follow and adhere to.
Researches to market the new ways to utilize krill to its full potential are
warranted, still innovative operation of the krill fleets based on ecological

knowledges and information is required and demands further research.

N. Lipids and fatty acid from Antarctic krill

The overall lipid content of E. superba was 72 mg/g dry mass similar to
the reported values for most temperate species. Their neutral lipid of E.
superba was 29% of the total lipid and that of phospholipid was 71%. The
majority of neutral lipid was triacylglycerols (31.6% of neutral lipids) while
phosphatidyl choline (44% of phospholipid) was the most abundunt in
phospholipids.  The quantitative composition of the fatty acid in E. superba
show consisting mostly of the saturated 16:0 (16.6% - 22.1%), along with
the polyunsaturated 20:5@-3) (20.6% - 221%) and 22:6(w-3) (14.9% -
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16.9%) acids.

O. Identification of wuseful genes from the Antarctic fish,
Notothenia coriiceps
From the total RNA of the Antarctic fish’s liver, cDNA was
synthesized and 1111 clones of the cDNA library were sequenced. The
sequences consist of 23.5% of the homologues of the functionally known
genes, 8.0% of mitochondria and ribosome genes, and 68.5% of unknown
genes. A few examples of the functionally known genes which have
potential for commercial use include a stem-cell gene for blood production,
Ferritin gene, interferon gamma-inducible protein gene, interleukin 10
homologue, and antifreeze polypeptide precursor gene. These genes of the
fish could be utilized biotechnologically by production of proteins which

would then be used as new materials in medicine.

P. Purification and characterization of psychrophyllic protease
isolated from Antarctic bacteria and fish

Extracellular protease produced by Shewanella gelidimarina 193 was
purified through ammonium sulfate precipitation, High-Q column
chromatography, first gel permeation chromatography, BioScale Q2 ion
exchange chromatography and second gel permeation chromatography to
single band on SDS-PAGE, and basic properties of this enzyme were
investigated. A protease purified from spleen of Notothenia fish was also

investigated and and characterized.

Q. A study on the development of novel substances from

Antarctic invertebrates
The structures of the two new metabolites of the suberitenone class

from the Antarctic sponge Suberites sp., which might possess
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anti-chlolesterol traits were determined by combined spectral and chemical

studies.

5. Planned uses of the research outcomes

Acoustic krill surveys together with oceanographic observations have
been conducted near the South Shetland Islands and in the northwestern
part of Weddell Sea. This result would provide useful information to the
krill fishery and help to establish a sound management scheme for krill
resources. For validation of this information, and determination of effects of
krill fishing, the result should be compared with the real catch data of krill
in these areas. In addition, the genetic information on the krill stocks
occurring in the South Shetland Islands could help constitute a plan for
proper use and management of this living resource. On the other hand,
accumulating the genetic data of the Antarctic organisms would provide
better opportunity to find any genes useful for low-temperature

biotechnology.

A. Understanding of the Antarctic ecosystem and fluctuation of

krill stocks

As the results of the past surveys suggest, annual variation of krill
biomass in the study area is very high. To better understand the krill
resource, it is necessary that the entire ecosystem of the Antarctic ocean is
examined. The present research will complement the 'Research on the
characteristics of the Antarctic ecosystem’ which is being carried out by the
Polar Sciences Laboratory of Korea Ocean Research and Development
Institute and help to make clear understanding of the antarctic ecosystem
and also of the fluctuation of krill stocks.

B. Assistance to the distant water fisheries industry
Appropriate scientific management scheme needs to be presented to

conservation-oriented Antarctic Treaty nations for the full use of the
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fisheries resources. Pursuit of national policies need to be backed by
science at international conventions and research results are the most
important tools in securing the quota. Debate over the far-seas fisheries
resources has been continuing at various international conventions with
CCAMLR being one of the most influential and prestigious for the Antarctic
living resources. The research results of this project help our nation to
maintain a major position in CCAMLR and to secure the privilege of fishing
in the Antarctic seas: As the Antarctic fishing activities are becoming
stronger, it is expected that new measures regulating the Antarctic fisheries
will be introduced. The results of this project will be helpful to prepare for

such coming event.

C. Promotion of new bio-tech industries
Antarctic marine organisms are the unique resources for new molecules
active in low-temperature conditions. Studies on the metabolites and genes
of the Antarctic organisms could provide useful materials to the new biotech
industries which are presumed to be the leader of the 21 century economy.
The results of the current project would contribute to the development of

low-temperature specific biotechnology.
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IAEE |oAd EAAe a4 24 eman 9% 24 Ag 250,000
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4. Ao ©AY 2E

284 2o 488 B 479 SAE SR <= Fig [ 219 2.
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FAF 24 A= 3 9Y)
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it 22 /A 2
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Fig. I 2-1. Flow chart for the process and purpose of this project
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A1 H SN AzAoh HYT GHENE 2E
ol sojel 22 2Eet U SN

£ © YANALGE GINE Yol AUste Fo AzolM 3o oFeln
222 Yoz st WITHATL P A4ste RoIJE st of A9 =3
AAge ettt 2 Hoz WBHAY UF £@AR AR shwel APse
29 AAMFS AAste Tom A Yok =AY AU Y% 1 2
e FHHT AR FAHLST 2AS A B3 2AE FHEIE FE QD

Ao SO 2001/2002d FAGNE GAEWNSTE B2 G B

olUgt JdYAEAA gFeaudd Atelg Efste FA LIAotsiztA 2AL
WMol Fostgch 2001/2002 A& ZEe AYFL FHolx FHEAN=TE

E&ZAME odd FF& A HouA FUAT FEL AU L gFE
& AHEY AA Jhrtold BXste AF¥S BRFoen fFHzd 4 HEEA
UEst w2t AEHH 29 YdE AY 4ol & ATS dn < 1000 m
FAAN 28 WE BAT Aol =it d8 AR AT ZA FHE
AN BFIAAE EIAL dIdd ol ARG AVFHeE dE Aols
ol ggozM Ux EAL oty 4 Utk 120 kHz 8 A E o] §3le FF
AT E A2 Zid i PHEI=TE BE gL 2298 g mPolH,
JAVEANT FeaUsd Alole ddeME 2134 g m*2 Yephgrh AdE
AYBe FHNEJSEE BYE oA 494 x 10° Mt (area : 6,300 mile’, CV :
104%), AHABE A7 Foayy Atole] HhA 724 x 10° Mt (area : 9,900
mile’, CV : 314%)e2 25Ut d9W, 28 ALF BAHNE 98 71&9
AZFA #4 wol 48 7HA EAFE /AL dAemg old dg &id
Woto g o Fupgo AF AT FE AolE ol & WS AT
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1. A &

ZA A 7170 s 481 Yo T BEE GHgEJSIE
AeA Aeel=9] of RHEE AAsn AT
B4, 2F 59 49 TAARES ddsle Fa2d dF ng9 9L 3 Je
F= = Y(Antarctic krill, Euphausia superbg)®] X Wx7 &
AtHMurphy et al, 1988). o] A¥e =Y X ¢ olFd g o
=, vlE 5o o8 7" 3 AYHD 3w, 4P ojMe] 2 ofFo| F=2
olFoAL Ye XoT FFs A diF FLT A7 AYolHA FAY
2HME 9% BES Astu goiichii ef al, 1998). 2} 2 Ax9
A7), £X 94X 2 4= AdF d wFo] A vehd thdzte A7 AAAE
EB7n AAF e & o gol Ak $EUEtE 1998/1999 A7)0 Ago g
+F AL A VIME =9F olF, 1999/2000, 2000/2001e] HA 3d F< ol
NGl 28 EX X ¢ ALdF BT FAE AN AKF T, 199,
1999; ] Fab, 1999, 2000). ey vl=, #F, 48 F3 o] Frigtd Z2H
HEe XA A9g 28T ¢ Ave 4780 HA R 5 AF 71AE FHLE
F A A9E AASAY, & A7 #A Y dAEH] EFATE G 4 24}
ol ol Kty 2y o9k Fo] AFE AYAE EBFn FF3
A% AeiAAN Zde] AXdE wFE uAT o &HA AP LE
Al 3 ot}

G2 AAE Y o g
G 28 B2 #F AFE o A9 I¥ ALF & AASE 847}
olJeg} AEHoz FF Uve ¢ 34 A% "y EF WEes "o
FZ2AoM] g =¥ AdFE APste 2422 83k Slok(Brierley et al,
1999). 2822 d W% 9o € Y AxolAv AM A 4L gofgezH
48 g HA ] ZE ALFl /T FEHY BLo] JhsdA gk o] AYGelA
1999/2000:d ¢ AAIE 4T (G, w5, &, HF)d 93 dAg T4 TF AT
Aatel] ostd 1999 129 149 ~ 2000 29 269 F¢F & 53|o) dA FYH
Ao gt SF AL AL AASATE o] FA] AT AF] o8k 1999/2000
71 5 FHET=ETE B MY 3¥ Yee A M FU¢ & dAE

Hir

N
rlo
r
-4
X
18
2
A
ok
i
ot
_-Lll.a,
i
A
(n
M
H
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Holx ¥3 43 FEFL FA3e Aoz VeEbdth(Hewitt et al, 2002). o]
A dygzaeAfgoZRE olFsy] ARG adTol 128 FEAdE
FHET=TEA =SS dnsln EF FIFE ZAPFe] o AYd
A&sA HREZAY L A&For zd"ol FFETUE AL Az Ytk
metA o] AGdA 129 2%9] 28 Yo BF ZAE AAFo A 129 F&
o]FHE o] EAzoz FAFS FHY WAt sk

200172002 ZAFE AlZ1FHoz wl$ olg 11¥ 30Ye] AFsYors
71E9 BE 47 dH7t 124 F& olFo HAG ARE uEgeZ 3 RS
2PFH F g ol& A9 Y X B4 2 d9x WS 42 £ Aok
HellA AFd WE A8 A3 BT A 795 AT BFAAE ZRAT
g olF A2 A7IHoR e Aolg ol8FozM AHE, AV|EE =¥
2 9 Ux 548 494 F At EF 28 BX 54 o]9e] B FA A

g ol &3l =¥

ANGAY. B HIAcddE 8% BEL Foo Qe A=
2% 9 95 542 Je%e F2 BHoz YT, ool A% B HA

o,
v‘
H

Y AL E4E 98 V&Y AGHD 4 wye] o2 7R
EARE 7ML JAReBZ oo djg fd Wete R tF Fgo AFH A
e ZolE  o]&d WyE  AMESI¥Y  (Watkins & Brierley,  2000;
WG-EMM-00/21, 2000). o] ¥1H& 2000 o]Fo] AAd wyew FFa] =2
Ad#F BA FESE WROEZ AAHJe=nz ol digt WY R AHAE
71&st it

2. otE Faso AH M2 & ol 3 HUEY

b ohE Fage BF AH M B ROl
e €% BUE WEHE ZE 29

2% AazPH U5 Y 43 e Y AVS dUE A=

AP BANA & eAE BYND # Aok £F A2dd) 9F X} bsAe



% AMe A= wet FFE A Hed oA EAHS X BAd I3
B 3ot B #F A9 % W AR G 849 A wE &

R 7ol WA £ Qod, EEHE Wueld HAF 24 AYE e
W oolgd 299 A% L AAT £ Yk VY BF A7) £F A2
BAV QRS H8E £F 95 A% 2 43 Y Aol 2 5
chd @ 2Ab) od AT 5 Ye 2 xE AARE Aol oldw =
YA ALF 5 BANN Mg 2 BAE A5o) EAtE oY o
oA g5 BEHes FANE ¥ AR S
Aawe ddgste BPolth AHEL oF A% £ A Az 7
EodRRd 28 A2 A wAdA SN AFD vAE AAF o

(‘E

o]

X
Lt
ofy I
b

o

om

001
A
oX

g
2
o2
=2

ditdo 2 &% 27 Ale A oFd did AN F EL
BEXse AHY 54 vgeE AEstd A8 AP g&des wHE
ARG o F B olFH FI(FFT L5+9sA ¥E oAFd g MI)E
283l  “Scrutinize" QA NAM  A]Z}FHQ EA(visual analyze) WH-E 1990
FWx REAOoZ Al8d $ohSocha ef al, 199). o] HHHE olAAAE
W gsfle] wel(walleye pollock), H3lel Hoj(herring), F=31e] 3d T3 2o
AdzHog @A ofFol A FHHe Beel #ol AHSH jlen &£dd
s AR Afdde A /& fTeE ol&Hxn ot I ¥
A5 AP fEEe A7 AYGAA LAFTY o AFd o FF¥F 5A4S
getgro g weEol A g k. EE AA F Ag ARy #d 7Ed
ot FUT SF AR T ALF AF] EAVE 2 F Aok wEAM o @
MZAHA B e B4R Fad wE AdFE A5 EAC Ha e,
53] TAX sqAMAE o ofFo] FAY A EIF FF ARY U9
A FE B ol PHL 8 FFo FHIA B &5 TAAE £ Atk
18-S shdslty] st 7IEd] Bol] A3t v Fua WY
Al o5 FH54E ol &3 Hy AF Y ZFE(Mean Volume Back Scattering,
MVBS) zto|yo] ol&EHI th. o] WYL FUE oF F FE EFFIE9
g FoFd S$F A F4o] & 5AE ol&dtd Fad A 4Fd FEE
@A "ok EF g ojFo] tdEA HYE AR & AF AT Fx RolE

2L,
®
ot
o
_N_
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UehiiAl Hleg o §e el ®eol AHEHI 3t (Miyashita ef al., 1996). ©]
W e A o] ulel ME & AF A A 2olE AlLsiEd Ry s
1A olfe A$, AFTM o ¥& AF AP FEE R A oA
oFEe AR AT FEE FolE wWIFE FHE Jepn ok a2y AR
Ze Fe RGN o B AF AT AR YEIZZ oFde w9

i

54¢ veh
=

st
b

93 29 AS4E 1F g4 ¢ £ AF 4@ 7
Z FyeE &3 AF AF AT Aolg ol&Y u AUH
aFseA AFste] AAH AT FE Ao)E ol&si Utk oI W
2000d 6¥€o] /MHP CCAMLR synoptic XA} AEE  $13  workshopoj
M FHE ¥ AE2REH g Estr] st ARgstgen o
X 2315 tHWG-EMM-00/21, 20000). olw =Z¥wks REsr] 948 o
Fupgeo] g WM AN Fod AFR AT AE Aole o-Fd 4
o] &3}t (Watkins and Brierley, 2000).

lo
iE  Hf
o i X o o

tlo

2 dB < MVBSyokiz - MVBSsa, < 16 dB

L}, 7 o2 2 ol 2st 38 F2l(delineation)

38 kHze} 120 kHz S92 RE £39 £ A52FH adnS ¢
T UHe F 16249 HXE ol8sd A8E AHsiw ol zZ+ HAoNAN 7HE
ol 1% (virtual echogram)& A3t} Abggtt. ol A WA=z ¥ ARE F
Alg o (logging stage)d] AlA & w9l 2FE M@ W (processing stage)d] ¢
g W4 E o83ty AlA BEAHo] AE 44l o] A(first calibration)d} o] F(second
clibration)s] @A F W ANADY logging TASl AN U WaE first
calibration Z#E, processing B2 48 W4E second calibration Z#}E o]§
&7 "ot d2 AMgste dRady 4%e ue 2o

@A 1. 38 kHz, 120 kHz o)X F48 2tz 2o sjsd, siA™E

& FIANZD F A7 FAE F bad data AHE EPAT HAHE

surface exclusion line?} integration stop line A}o]e] Fzko] HE F It
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oA 2.

@A 3.

@A 5.

gt ojuf Zt FoFHR logging ¥ processing GA A2 AlA
918 W4 E o|fethFig. O 1-1-a. b). o] A Solrtr] o] sl
37 A5 E SAH3Y] 989 CID ¥ netE AR se FPoNA AHE
A FZ213 L bad regiono 2 X|AHE 3] Fojof 3}

7V 2P S BHEY] A% A WA GAZ A 194 A3 surface
exclusion line¥ integration stop lineC.ZHE ZHE F77he Jelde
M Amaye wECUFig O 12). o BAE #F ARAM EF 3
< % AW A3 E ALA7In A7 EAdE A G o) &=
7P dzags A 98 e e FA N

97 19 A AR @A 204 BE I 7S AFsted 4S5 AR
oA} bad regiong AAstE HAolth o] HAoA TEAR 7 A=
YL G 19 AZ A RA surface exclusion lined} integration stop
lineg 7|EL 2 YAHER AE 7 W] AT Fee A 19 3
g9 FYstA FAHEHFig I 13- b). g2z 3dgs R
Ul 349 3ol HEg FYT dRade] HAHA Fow HA
@A 1, 2& FA3soF doh

A 3o AgE M dRaYeERE £, £ AZE o&% 4

Acel)oI NS AH 2 FEg A2 YAsE Aol o @AE 27)
o FrppolA £08 zze) 2% Av2RH Ao Fes Y 7
AN AF AT FES AVFOEN BT AF N FE Aolg AL
37 9% ArE VEA "ok olu 7 A9 £ Ade A vz
Uehjo] 100 28, 43 Aze 5 mz 44¢ @ IHmE ZAA0]
10 =E2 o]&sA HW™ 100 £ 5 514 mE o]FsEg 74 A4 ol
9 WAL 2572 mo] "k o]Ao] dhte] 7]& Ao HH o] A yf
A9 AF aF AxzRY P dzaPe UHEA dohFig O 14,
b). ‘

A 49lM el JHY dlZaye 4L FS(noise)o] EFH =
Aejoltt. wetd #ZoNA passive FHE FAT FH &5 AB2HH
M dlZa2YS AAste](noise generator) ©A] 494 FH FIo &%
ERE ALA A 3tk PukFHoz 120 kHzol s} 38 kHzollM ¥

rlo
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oA 7.

a7 9.

9ol FLg& Ve ¢lo} threshold gto& AAF 70 dBol| 3|
2 FFQ -130 dB °|e B£EE HolEE B X ALEE 23
o FL9 &z yehdx ks QokFig. O 1-5-a, b). o]u] noise

A A33l7] Y8l A absorption coefficient, pulse length, nominal beam

FN

s

angle 59| A &% W7} o] &

CBA 40lA e JHE dZ AN @A SellA wE M S A

A Fol AMEzE AzIaHE AAdte @Al o BAE AAEA
Z+ Fogd JM dEzage FH &5 FHE AAT 5T AEA
o3 AEW 94 F}(Fig. O 1-6a b).

9 604 AAE 38, 120 kHz 74 f2ade go] AAY A=
Z} A F A A AeE A7 2o ageagz ZF doA 120 kHzol
Aol AA A Z= g 38 kHz A 4 Zx zolg vekd # 3l
A Aot ol F Fao] AF Ad A= zole 28] % 120 kHz
N G4 A JeBZ 0 dBE /1&Fo2 4 %o EIXES JYehlA
"oi(Fig. I 1-7).

L9 7oA wEOIR T Foege BF A AP FE Aolzie 2

dZ A4 7 2 ~ 16 dB Ato]9 @& dHellle duhg o83t Al
2 7V d2ayl s d=x FFo|thFig. I 1-8).

@A 8olA e dmaPe PR BA Jted AFH A Ax 2
°]g Yehle A2 FAHo vk wepA ol wENR omIaPF
G 6ol A TEAR olZaPA 70 dB o] EXE JHAE ATS
dgstel HFHor mdvtez FAH e 7 dzads BA4st
A @ohFig. O 1-9). ol wsold JAZIHE 0|83 1 n mile T
AA AHE T dis A4 A WY AF AF B=E FE
NASC(Nautical Area Scattering Coefficient) &2 Sa(W3 F% 4t A
g AltstA do.

A 10. A 9914 Al4tE NASC gto2ZRE sied Z2 fAdd 3 4%

o2 A% gol MoldAez A ke Aol Uiy A o=
Jdes ol 2 R AR F7e Azo] ABs AANE @h

(debugging process).
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Z =A A Xz Ae

@
il

b AT Ao

2001720023 &= sHA 71k 2 ALF ZALE AT AR Al B
JARD S 78 AE AL AL @77 A7 A olddE = HY
A7d SA A7 EF B 47 AAY AF AE 2L MA AL E 2UlF
EAtsh QAstY AAlstRt. meEkA AT A9 2000/2001 EAReE o] dAI
A9L ¥gaigon, olox opFFA XM Y (SubAntarctic Front, SAF)djA &=
57 BAA olg7tAl XFshe FHAT AQE FAMSATH

A ZAR] AlFRE 2001d 1149 30Y F=5®Y EFI= FEAA(GL°
58.75'S, 52° 0.0W) &%sle dd(Weddel)d] wWFoz A7 52°F uzt 9
62° BIZ7tA] o]F3tHthFig. O 1-10). ©] AH ;’:ilﬂo}(Scotia)z‘sHQ} 3
BXZE s9oz FAA(Polar Front, PH)3 @3 £8F A4 Y (Southern Antarctic
Circumpolar Current Front, SACCF), &= <8/ 774 H(Antarctic Circumpolar
Current Boundary)o] FAHe Xdolt}. EHHS A P 71U &kt
Fele 293 FAHLE A3 oA 739 dF B FH7t EAEH, °J2FH
AE, 333 AAEY AEF ¥wE B d ¥yl 2A vekd @5 AeA A
2% 98¢ 3= £ F9 h}olth(Huntley & Niiler. 1995). GE o2 o]FojA
U 1 gae I 84 54 wota 299 JE¥ Bx B4 go)

gojstinh

LA T WMo 28 ALF Y FF ZAE SACCES} F=
He Alo]o] X3 FHEBVE=FE(South  Shetland Islands) FH 0
e Y d(South Orkney Island) Ao A AAsFoH, o] APYsL Y=

& FuFdAM nExze AFYrt EAse Agez gEA gt
JHEJISEE FHE E FA o)A 1999/2000, 2000/2001¢] ZAA =d d#% &
HF B ZALE AAT FAMG A9z A43Q RAIZRE 28 AdF d
HE T EAHE Fd¥ F e FHo Utk 53 Fadd FHEs
1999/2000¢) AXE R Y AYF ZAldx ndxel HYo] wWAH
ANgog A28 AYF FHA M2 ofFes Fzhga ot
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EE ZAFE Evid Rl FHE SoleWM FHETETE MFELER
o]%3% %, =d#ola 4 Z(Drake Passage)E 7}12AY Y ZALE AA AT
1o Mg g A A 52°8 THoE HE%og ojFsHA AT
ghd 2002 19 1ol AAF mlAlS ZAMe AMZ 65°RZ7A olF F, A
BEo g ojFsuA BEE HASAT. ol2FE S3UY A2 ¥HF 22 Y
B8 543 38 Ex9 5% 34 % 2= ¥sE ¢ e A3l A+

T = I

=0
ri

A7 e G FAFS Fosly] A M VAL AgEe CID
(SeaBird 911/plus)& °|&3t{dth & $4E A& EFIE ¢ 4a Y4H 543
Z2e AE . 38F A2E YAE o8 MY 247 (rosette sampler)E o]-&5}o]
Z+ BF F4A dAFE At CTD Zy el A #F AMe &=
(Temperature), % % (Conductivity), ¢+ (Pressure)S &3l 712 AXA olgld,
Uz QAo JFS v FF L ZA8HE Irradiance (PAR) sensor, AHH S 4
24 ¢S FA3te fluorometer, Ff YAYES F438tE Transmissometer F°] 3
t}. olm &%, 8, AL %, Transmissometer X ZE
Wz F 7je AAE ALE ¢Ee FAE 500 m AEH] Bt AL

NG 87 AL BHL F 3BNE o] R SY E A AHL 25
Elo} 3ol 14 A, MEE FLu(Skacklton Fracture) AthollX 3 F3, 4E
F=2x g 10 A, £YQ EX(Powell Basin) B3 xgojx 3 FH, =4
oz FZoA 5 Yotk zZ AAHA CID Aie FHHESDE AHap 93
B AFE AQstae of 3,000 m7tA] st H4F AY7tA 2ARSHACHFig.
[ 1-11, Table T 1-1).

B2 Y 37 (5= CID/} st4dts Aagke o &3ttt ojnf Z
A ARE 150 m FFENE ZAR ABE 02 m HFHoZ HFE Ao,
150 m o]3 F£3& XA ARE 05 m HFez YFdto e ASEE
FA3AT. AR ked 129 309 olFel BEF =dola AP ARAA
A& AA e o] E o] Y A8E AHE A A AGAZHT

™
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Table I 1-1. Informations on CTD and Bongo net stations.

) . CTD depth/ )
. Observation time Latitude/
Station . Total depth |Bongo net .
(Local time) Longitude
_(m)

$52.025°/

W1  |Nov. 30, 2001. 10:40 2285 / 2335 ON
W52.000°
$52.992°/

W2  |Nov. 30, 2001. 21:50 2854 / 2850 ON
W52.000°
$53.513°/

W_A | Dec. 01, 2001. 06:31 155 / 1149 ON
, W52.000°
$54.008°/

W3 | Dec. 01, 2001, 12:43 501 / 598 ON
W52.000°
$54.488°/

W_B | Dec. 01, 2001. 16:30 203 / 3774 ON
W52.000°
554.983°/

W4 | Dec. 01, 2001. 23:35 2998 / 4233 ON
W52.000°
$55.493°/

W_C | Dec. 02, 2001. 05:28 152 / 4361 ON
W52.000°
$55.979°/

W5 | Dec. 02, 2001. 11:09 2957 / 3928 ON
W52.000°
$56.200°/

PF | Dec. 02, 2001. 21:05 2872 / 4500 ON
W52.000°
5$56.452°/

W_D | Dec. 02, 2001. 17:19 154 / 5019 ON
W52.000°
556.988°/

W6 | Dec. 03, 2001. 05:59 2951 / 3707 ON
W52.000°
S57.515°/

W_E | Dec. 03, 2001. 13:08 153 / 3849 ON
W52.000°
$59.013°/

W7 | Dec. 04, 2001. 02:34 2868 / 3707 ON
W52.000°
$59.963°/

W8 | Dec. 04, 2001. 12:10 2727 / 3252 ON
W52.000°
560.619°/

W9 | Dec. 21, 2001. 23:20 3000 / 3200 ON
W51.708°
W10 | Dec. 19, 2001. 22:30 2849 / 3000 ON S61.351°/
ec. 27 S £ W50.841°
W11 | Dec. 20, 2001. 10:30 2900 / 3250 ON 562183/
e Sy SR T / W49.582°
SF1 | Dec. 04, 2001. 16:21 2872 / 2943 ON So7.987°/
e T S T W58.988°
SF2 | Dec. 05, 2001. 02:25 153 / 3692 ON S58.951%/
ec. o A T / W59.036°
SF3 | Dec. 05, 2001. 16:01 2903 / 4343 ON 560.500°/
ec. o AR 2O W59.008°
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(Continued)

- CID depth/ '
. Observation time Latitude/
Station . Total depth |Bongo net .
(Local time) Longitude
(m)
$61.165°/
K1 Dec. 06, 2001. 23:01 498 / 3042 ON ‘
W57.787°
S61.472°/
K2 Dec. 07, 2001. 02:40 498 / 705 ON
W57.617°
$61.782°/
K3 Dec. 07, 2001. 05:34 354 / 380 ON
W57.359°
$62.105°/
K4 Dec. 07, 2001. 08:54 504 / 1750 ON
W57.127°
$62.097°/
K5 Dec. 07, 2001. 13:40 506 / 1466 ON
W56.066°
$61.780°/
K6 Dec. 07, 2001. 21:34 504 / 630 ON
W56.329°
S61.468°/
K7 Dec. 07, 2001. 23:35 494 / 525 ON
W56.509°
$61.132°/
K8 Dec. 08, 2001. 03:03 501 / 2200 ON
W56.756°
$61.750°/
KAST1 | Dec. 08, 2001. 11:14 152 / 2328 ON
W55.000°
KAST2 | Dec. 09, 2001. 15:09 154 / 2000 ON S61.750°/
ec. Vo SR A W55.000°8}2]
$61.000°/
DP1 Dec. 31, 2001. 05:04 ON
W65.370°
560.000°/
DP2 | Dec. 31, 2001. 19:07 ON
W65.370°
DP3 01, 2002. 04:45 ON 559.000°/
Jan. 01, 2002. 04 W65.370°
DP4 01, 2002. 14:21 ON 558.000°/
Jan. 01, 2002. 14: W65.370°
DP5 01, 2002. 14:15 ON 567.000°/
Jan. 01, 2002. 14: W65.370°
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£ #AAY 194 A 7Itdle 2AF AHe] FHSd=ETE FH AS9H
dHHEA FF FHFd FTHAASG. THY 294 IREEY 2001/2002 A}
AlZldlE B @7 HAeE dAFHo] 2AF FYo] FuHAA  HF3e EAHS
el ZAHQ A (Polar Front) Xt} BZo] X3 FEFH= Ix 5%
el x Swste 3o}l HE AR FIA FA Y shed sl AL
Br gfg7x 2000 11 30¥€elAl 20029 19 1¥7A] £ RALE
AN G th(Fig. I 1-12, Table I 1-2).

A=, B, 92, GAohol 98] 1999/20000] A =E Yk
ZANAN FLE A= AodA EFH Az of 59°2 IS &7 (Southern
Antarctic Circumpolar Front, SACCF)9] ZHAW 7-A9F ZAME AASAT
waba 2001/2002 3 ZAMAE SACCF A 93} =AM (Polar Front, PF) A}o]ofA]
a8 BEX FAE%Y B A AXE geiE F UM% % #SE A%
ZAMAY ol AZE 493 AYHHAERETE BE 3o, JdAdEdH
deayde F3 gl AdFE AT 5 UAe dE FHeE FHHAS-
T A AFoz olFde AR dhue] AHMHeZ o]Folx AYPHE
A4sl7] Brbeshd 9d AU 37 2x2XE A9, AVE X 3EE
gepsly] 93t d&H ez ¥ ARE FHIAH

F ZAE FE AT AL 9dF FYIA AAA S AME
BEsla e HAlol AFY 50008 F AT £ ALAA “Yuzmorgeo-
logiya"ol Rtk #F AZI7F Azt dE2n %=§ olF ARV HEFstd #HAY F
4709] FalLeg 1 ~ Leg 42 ¥F31%th(Fig. O 1-13).

R WA FaHLeg e A FFE Sol7bEA #AFE A=
IFAE FE FFAAM AAES FF AF #8 NARA o]FF BEoIH. F
1,228 wide] ol AR o]FojA glov AdF &L AT A T7HoE
o] Fojx| A gkstrt. U e HME MR Moz ERIE @9 MA 52 &
g gEeg 7 FHE 56, H2o YHE IFHME BAAR I3

2% (Legl N_PF)3 2% (Legl SPF) A4, MA 52, o4 59, 2 o3 FA



w3k A M(transit to the Shackleton Fracture, Legl EW), X7 59, & 7]l =&
A% 58, oA 61, & ©]F3 AA(cross-transect of the Shackleton Fracture,
Legl NS_SF), dA¢te.2 HIaHA ARAHH dHHEA Ateld M 2749
24 2UEY Fd(Legl KM) 5 F 519 FHe=2 748U

T WA FA(leg 2 AHHEATG F 234 A Ato] AQez AdHF
&0 A A FHE AT F ZAF A=e 945 npdolm ARA7A
o]%F A Al (Southeast area of the Elephant Island, Leg2_transitl), A9 o]F
ol b AFE VIEeE F 8/ HA(Leg2 Box) o2 FAHUG. T,
% 71 % T AAE ARAE F HEIAA olFF F27F o] A3t

o)

£ ZANY =¥ dx WF A3 (time series 1)-T vl A3} J .

A s FaHLeg 3)Y F8 AL FHAET=ETE EF ez @5
#5759 EZE 7AW (Southern Boundary of the Antarctic Circumpolar Current)o]
AAG NFgez ad =7t 52 o ¢4 Agelng. F o]F AFPE 1156
ntdg 28 A4dF AEo] JMEd e AL 7FHE EYsY F 49
oz pAHAL. Zzte] AM € 7L teH 2. o] AYez o]Fsy)
A&l FHHEHY FH  HYge o]F3 HYXM(around the Elephant island,
Leg3_transitl), 37019 FA WFoeg FAE AHH(Legd3_Box), EWEE A
HBEqA dYHE BA  Hg7nA olF AU(legd_tramsit2), HEAHI
JHHENS Vt2dY BAdAP=E FF AE7HA
iRtz HAAPE YL FHstd  A2dwt YA o5
7 A1 (Leg3_transit4) o] o} Hadgt gFoA  wo FIREE mE vEd
AR £ ARUS B ¢ UdA Z¥ EXE LdopEYH
(Leg3_maxwell). 39, Leg3_transit3 F43 Leg 19 Legl KM A M@

2

o] 53k A A (Leg3_transit3),

e FHF AFolmz AE =¥ YWE WHFT F(ime series 2)&
GotrE gt

Y W3 dxi(leg )= FIFHA YR Boleve WHOLE Leg 1HE
$IXE Th2A)9k SACCF A Y3} PF $ixj71xe] a2¥ 22X E4L vad & e
Aoz oF 455 utdE FAIAT. 7IAE SEsEA 3N AdY F8
A2 bed el A FAA FIqxe m¥ £X % UEE dopu7]
st MF 1A Felo Hadw oM JFT AAE IHE +F ARE o

~ 96 -



20m}d o) ZA 712319 tHLegd Maxwell). FHETE= T AN EMFo=
o| 53l M (Legd_transitl), XA 655, & 71Foz =Hola sy FE
oz g9 60, 71X ZYe BE A JAE Loty HAdd mA"
A M (Legd_transit2) &2 A5}

_97_









Table II 1-2. The information of acoustic survey time and distance at each

survey.
Cruise Starting Time End time Distance(mile)
Leg 1 2001/11/30 12:47 2001/12/08 04:40 1288
Leg 2 2001/12/13 22:46 2001/12/22 00:45 945
Leg 3 2001/12/22 04:10 2001/12/28 23:53 1156
Leg 4 2001/12/29 22:11 2002/01/01 14:21 455
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>
b

=1
S

2 71

2)

tlo
B

o

e

=3 & AAE split beam®] 38, 120 kHz¢} single beame] 200
kHz A] 7}AE ol &34t &AM Eoi77] @AM ZHe Fapfe it §F
8 WHSL 1999/20009 synoptic ZAM} wlzzA]E CCAMLRO)A A ¢Hgh
whig wgitk, ZdEe BX $£4E 1@sta Fu4E MVBS ol ALg3l7)
A3t} 38 kHze} 120 kHze Y3 &2 4190 250 mE, 200 kHze 150 m=&

KeX
=

e

Ao

AR AT ddde 5% A& AYE A8 AA AFAL =E290]9 BIS00&
o] g3t AJZHE<Ql  EAW(visual analyzing method)g o]&3PoY, E
ZAMME &2 230X 7l oF FI5 BAYS o837 $18te 38 kHz9
120 kHz¢] % Fu¢ 2A822%H PCYAM $8HE SonarData®] Echoview
software version 2.10.53& A}&-3lth. ol 3l 3% AXNZEYH FAHE 7}
Foge daad Age 71E WA fazgolAe A=l 3= BIS004
AAsFATH AZH AEE UEYA FE ES Echoview software’} 4dX]H o]
NAE PCE AE5E AEd tha] ARsAT. o]F A5 HiH(backup) & AHEe
BE Uyl PCollA Hap3tchFig. O 1-14).

Az 3 BA(logging stage)l e TUF FAMIY A|2FE ALRSe
uZ NOAAS dod BA AFE oj&3gen, xRg Az WA (processing
stage)ol & B RAMEZN] AAF Aa" AN B ghg o] 83t th(Table I
1-3). AA BAL 20013 12¥ 139 Admiralty 9He] Ezucurra Inletol] A
AANsFer B Al AMHE A B2 £5 S5 14505 m/sec .

Echoview software 8¢ =83 gZozg FH FHgo 23 73
ZaHE gHEofor gt oA A w5 AE E FAKIY SHAA =}
HAshs #go] A" F &% Azd JF¥FES FoA dotRy] A¥eE
&9 L3 A "o} 2L 10 xE UYQE FASEA AAEe A

& FAsAT o Z# Fog ¥ w7 ASS 38 kHzo A% -1261 ~
-131.6 dB, 120 kHzE= -1342 ~ -140.2 dBE ZA &

B BN
>
[
Lo
A

- 101 -



Sea surface

Display
Unit

X

echogram

EK500
Sound Unit

]

Printer-1

echogram

!

___:b
Sv & TS data

BI500

network

4

Echoview

38 kHz

120 kHz

200 kHz

Fig. T 1-14. Block diagram for data logging and processing.
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Table IT 1-3. Input parameters for data logging and processing.

Parameter

38 kHz

Logging  Processing

120 kHz

Logging  Processing

Absorption coefficient

Sound speed (m/s)

TS gain (dB)

Sv gain (dB)

2-way beam angle (dB)

Nominal angle (degree)

wavelength (m)

10 dB/Km 10 dB/Km

1450.5

22.51

22.95

-15.9

0.0383

1450.5

22.20

23.26

-15.9

122

0.0383

26 dB/Km 26 dB/Km

1450.5 1450.5
2413 23.52
24.52 25.00
-204 -204

71
0.0122 0.0122
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3) AHHE AL H 38 AT AN s HE As
E dF 712t 5 EE CID A4A Bongo WEE o]&3 a8 YL
HAABIA o diF-Eo] Leg 1 7174 129 £ o]Foint. UvE AR
AZI7F 289 F8 4FRY @5 BME FMZAA dF A9 HHEREEE
AH7A] =gstrldle ol& AlZ]olBE tREY AYQdA vE Yo e 24
EZo] mokg FEo|qUTh oA ZY XV} uEA YEue FES Leg 1
71t B¢ £F ZAIME F3ol yeEva o dR7F ¥ 3¥ X
S 779 Leg 2, 3 7130l YEIRARE o] 73 Fdolle ZE ARE A =dHA
28 U9xEE ALE7] A% VE AR FIE A AGE U3
AFgE 1999/2000 synoptic Z=AF A5 & o] &3}
7 dzad BHes AdHEe =% AR Jhed 28 ALF A4S
Zol AR EHT e 120 kHzAl8E o]83tgct. 120 kHz F34E Greene
5(1991)37} CCAMLR Working Group(SC-CAMLR-X, 1991)ol] 2]3s] Zo](I, mm)d]
hE 2P HAAE(TS) B FHAS @A, o=4n10")E theH 2ok

N gd

TSpow, = -127.45 + 34.85 logio(]) )

28 ZAol(, mm)e] wE& =AY g H(TS) P TG @HF,
0(=4n10"™"%)& t}-&7} o] B HHrHMacLennan & Simmonds, 1992)

ooty = 4 -1 10—12.745 . 13.485 (2)

A8 Zdol(, mm)E o]&d AF(w, mg)E A7l HATF AL oA
AFAYE #H= 279 vHZ2 TS A7 AFEE AFE3HA] E3] 1999/2000
synoptic A} A5E o] &3l tH(Table I 1-4).

w = 0.002236()> (3)

aEz el AF AA g% AH FPNY GAY AFEIH09] Szt Fe
Echoview$] NASC)sl & =ige] ol@ 1 4 ddze v ¥, 29 ¥AS
FoW ©Y =Y o9 WEs} AdEYG. 1oz BEdH A=d 9 U=
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ALtAe o233 Zo] niy A Eti(MacLennan & Simmonds, 1992).

Pk = (Syfo)-w = 0.288 o Sa 4)

A @A AXY e 1 mile’dH FAE Sy A7 heH 289 Lo
£ Ag7F LFHA Fe @eolBz AXE 3 do] A4S 1T IdxEFL
AgE oA ALdser g F, HEE AH AT DHFHS)S BH
AYe A YxZ(areal krill biomass density, g/m) .2 vlFIFA HE @I
‘& (conversion factor)§ o|§3te] Y WX A4tel AM&-3HA ot

AFE3 =8 o] A& CCAMLR-2000 synoptic ZAto|A A&t ¥
£4% 1eiste 27 3719 cluster AHE o] &5 AHFig. I 1-15, Fig. II
116, Table I 1-5). o] 7}&u] & AT 7zt zA} AGaHE A3z FE
cluster 1-& AF&3}1%] gkt

AT Aol #EE A2t 54 AF52HE AQ9 Zo| BXE 18
Ae e AAZF AL ofdfist Zo] Uetd & jlow. AJFHoE cluster 2,
cluster 3, cluster 2 + cluster 322 ®gd 2zt X oA ¥ AFE Ak

&} tH(Table I 1-6).

oft i

Oroerz = 0.288 - g}lfi(li)‘o‘m - Sa )

A7V, fi: B AR o] i 2de] Ao HxE,

n

By

Leg 29} 39 7|7t F #53 4F AHAHM] ad ALdFE ALs7
3l Jolly & Hampton(1990)e] ojsl Aet® W ol&stden o e
1999/2000 synoptic ZA} i, 2000/2001 A= AFESIATE =, Yoo FAAA
#E58 ¥ Asce Y Fo 9% AF5E 1 4 Jen, EF FY Izt
2ot A 2A AYA dojA AEE 3t A8Z 18 ¥ F Ucholly and

Hampton, 1990; Hewitt and Demer, 1993). A} 299 B ALHF LE( o)
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Adet7l st 2 ARAA dojA AFE 75 Hd(weighted mean)dts
o] &3ttt

=" . ©6)

agzz Py 39 YWE9 w(variance, var)¥} A AL FHB) I Zol
2.

N 2w
var( p)=N_]. (%ln)Z

B=4x (0 ®)

A7)M, AT AA 2A} MAMYoln WA AdFe] WA WP A5 (coefficient

of variance, CV)&= o3 2t}

var(B) = A* x var( p) 9)
CcV = 4 vaBL( B) (10)
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Table II 1-4. Coefficient to calculate krill weight (w, mg) from length (I,
mm) data. This Table II 1-4 was cited from Report of the By
Workshop (2000).

a b I (mm) Source
0.000925 3.550 - FIBEX1
0.001800 3.383 - FIBEX1
0.003850 3.200 26 ~ 59 Morris et al. (1988)
0.002050 3.325 23 ~ 60 Siegel (1992)
0.002236 3314 30 ~ 48 Synoptic survey (2000)

Table II 1-5. Conversion factor for 120 kHz, integrated volume backscattering
(Sa, m*’/n mile®) to areal krill biomass density (g/m®. This Table
was cited from Report of the By Workshop(2000).

Cluster 2+Cluster
Cluster 2 Cluster 3 3

FIBEX 1 0.1523 0.1536 0.1526
FIBEX 2 0.1583 0.1557 0.1576
CCAMLR-2000 0.1517 0.1477 0.1506
Morris et al.

0.1703 0.1630 0.1684
(1998)
Siegel (1992) 0.1449 0.1414 0.1440
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Table I 1-6. Conversion factor for 120 kHz at each transect, integrated volume

backscattering (Sa, m’/n mile?) to areal krill biomass density (g/ m°).

Conversion Cluster
Survey area Comments
factor group
singl
Leg 1 0.1477 norther part of PF, Logl N_PF 3 g
transect
1 single
0.1477 southern part of PF, Logl_S_PF 3
transect
ingl
01477 | transit to the SF’, Legl_EW 3 | T8
: transect
2 single
0.1477 cross-transect of the SF°, Legl NS_SF 3
transect
0.1506 between KGI® and EI, Legl KM 2+3 two transects
0.1517 central Bransfield Strait 2 single transect
4 . single
Leg 2 0.1517 southeast of the EI', Leg2_transitl 2
transect
mesoscale area between EI' and SOIS,
0.1477 3 Grid Box
Leg2 Box
4 . single
Leg 3 0.1477 around the EI', Leg3_transitl 3
transect
mesoscale area on the northern part .
0.1477 6 3 Grid Box
of the S5I°, Leg3_Box
transit to northwest part of the EI, .
single
0.1477 3
transect
Leg3_transit2
. . . single
0.1506 transit to the BS’, Leg3_transit3 243
transect
transit to the entrance of MB’, single
0.1517 ) 2
Leg3_transit4 transect
. 9 single
0.1517 transit to the MC’, Leg3_Maxwell 2
transect
Grid survey in the MB’, ]
Leg 4 01517 2 Grid Box
Leg4_Maxwell
transit to the northwest of the SSI®, single
0.1477 ) 3
Leg4_transitl transect
transit to the north of DP", single
0.1477 3
transect

Leg4_transit2

* 1. Polar Front, 2. Shackleton Fracture, 3. King George Island, 4. Elephant Island,

5. South Orkney Island, 6. South Shetland Islands, 7. Bransfield Strait,

8. Maxwell Bay, 9. Marian Cove, 10. Drake Passage.
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#5d 3BAe CID #&F BAH 7hed =golasige AaE A3
30788 AR2RE HF 82 54L& ggstAti (=g E Y : 14 FH, MEE
T @ 3 B, SHER=ETE MY 10 FH, dds] T2 Ex 3 FA).
g8 A # &FEol o BREAA FEAT RAL FYolge 54 w&d
T, G4¥ 2 2x9 FExE vt M2 UdE EA4S el

T 52 col A 62°71R] ZAVE 2} BA A NEHA FAHY &, GE 9
FF FZERE MR & 54§ vusythFig I 1-17).

ZFEoli g FEHOE EAZE N FPAA o FH Wsle
F9 oF 56°Ro] FyAH Z J

Atk FHAH EFR X AH WadA EF F29 EX= 5 C oA

A
Sl

A X (Polar Front)2 7|&F2

FU
ol
e
lo o
fru
ottt
o
o 1o
bt K

HFZAA 25 EF Fo] vehdn ew o|F FHd uEr #A4asd 3,000
mo| A9 F&& ¢ 10 T2 Yeytg. HIF G989 Z$ 341 psug 7FAHA
o]& 150 ~ 250 m, 300 ~ 500 m Alo]oA] GE FZZo] YJEIUT YE 500 m

FA4 ARANE FEFE 02 L ¥ ¥ 542 Jdghuz o

B
o
R}
o
U1
[aw]
[a]
3
ox
o]}lr
iz
Lo
o fu
rE
o
X
>,
2
)
2
L
.
N
2
fo

FAM o|d7 SACCE 826 b S8 BH Wrelde B3
1 C olstz wolxwA WAL 3399 s¥ B4 Usizn Yok B3,
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AL £F9 Wzio] 93] BAE 0 T ¥ Winter Water(WW)7} 424 100 m
Boo &A8t8 500 m $4) B2 1.5 C AEY Upper Circumpolar Deep
WaterUCDW)7H &djate 54 JAS2EZE o8] o Ad 210
EAste dyet FIE AL Eoln ok L9 A$ 2500 m 7tA L
HEo] A& Uetdes ALE Hol I UFE FAHLE MFAA FFoZ W F
EAte G5 F olFY TS JPHoRE ¥e FoE HlA EF GEY
A% 34 psu o]Ao g FAlo] 500 m 74A 71&7|7F FRARG Zrtstn Qi)
A Wil 35 &79 &% ZA9 oid Aoz ddsie IFs
ez ¥e A9oltt. wgA f9 AFEFHE Y & Y3 FA4S
Uehlz itk ¥3 29 7% -04 T 082 vj$ Fe BEE Holm gloy
WW F& g5 &5 A9rRt 42 F49 200 m FZ4 15 T &5
etz 3tk 500 m 7Rl =7 FUkshd 05 CTE d9A Edhe A9
FH7} EAEH o|F ASAA Y £ FXE Roln Ut EF JELS
3445 psu A=2 IEY 4L Uglied o 400 m 71A] A&Hog Frlste
oF 3460 psudl o]z gtk
Z8 EE ASEREH EJFA 44 300 m 7A HF ARE
T 9 2R EFY FL X EA4E UHHEH FL&9
T oY ZAWY 29 565°, EH 60°FZoA Zzt & e Holn
ATk FHAe] FAHE 565°¢] ¥ 20 ~ 24 TH FLAo] 71&71€ 7HAH
BZAE 44 1,200 ~ 1,700 m 7}x] FAE w4, GEZMs 4] 500
gt EAstn Utk oy FHAE BEAZE 500 oifdA e FEF9
SACCF ZAW7A AT 71&718 7 E%og Z4E 2x7t YolAle
e & Holx k. EdF WW F& 57 ~ 58°FZA 100 m FZo] FA o
AA FF FRAAN 71F Fe& 2x BEXE YEp Aok &9 60° F2o 2
TFEE BT &5 A28 194 gt FHHoR Tl Hol wj¢ g 3
TZE Hola Itk dEY FHFHQA REE HAFHLE FFHAA Yol
BZ%og ZAFE AEY sgrt EAstz Aok 53 L F29 56 ~ 57
°Atole] 200 m AFHAA HA AT AY JhEdl P Ee 34 psu ©ge
47t EAst o]F 300 ~ 1,700 mol] ©o|277A FE HE 7L

P A8t QUcHFig. 1T 1-18).

2.
=

ol)ll

- 112 -



A=
]
=49 ol B5E BAFE Q. tRE £X7F 300 m FFFjA HYE
Holx Qe W, 29 60°F-2AMe A Ed&He] 548 ez gld(Fig.
I 1-19).

72 dF BE 540l BF FIAM IHHE WG 3 oz

Asgoz 2 W, TAMe] AXG 5604 )
ik e A= BT o 3
02t 150 m A FolA Eel Hol ¥
FBAAE 75 mAA £3 EREE FARTL Yom @ 0°FIANE £
Fege Ushin Utk 9G¥ =W IAY 2 99 600N 72 Zd AAEL
gYste] 4o PEG HEol Nz oE BIHY B4 e Usin

1-21). B%9 A< SFOldAN EF F&L
Az 2zEolgdd nHls] 25 Foy GEL ¥A Jdgyz ok o
AGojxe &, FF FEE 100 m FZoxe WWZ9 &2 Kol

—L

L R LS WA
ke @& dF 54 RAFD Uk EF 200 ~ 500 m FolA Fe9
uAg MEZoZ Hol FS F FFo] FE o] FAM IS Fr A=

Helh. olrt dEe] AXF A3 SF03L SACCF A 7Hg &
S B GEL 4z 05 C, 33.85 psuE SFOIETH A& @ mge &
Att. WW F3 UCDW F Apo]¢] 7]&7]& SFO3eA © =A Yy dgtol
7¥7+& SACCFe] 548 Uehix Qlth

.
T

APow §&
A
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F 8o RS 97 WFo=E 7 4
A 74d 7FE BAZo] A Kie 4 2000 m Fxe FAALE oFE
AlH A2 BF 28 % 04 C, 982 33.95 psug Yz
F4 100 m B2 1.0 T A=k AdeA Fojd ApE A
2 HAIEFE Azt sAEA K2 FIEZAAT e
et ok BERAPE g A AEAN 4] 400 mRAHQ KoM e A
Fol EFHe TE FFE REoln o o AFe] AR uE F4E 7HAe
7t BeEse APz Btk K8 AL KiF fA fAgel= 73
WW Zo] YehtA] e ZAL22 Hol 100 m #29 L F3Fo] A¢Le=
Aot AAe AFAHY ¥ FeHe ez BAdt o XM= UCDW7}
UeEl}A e K29 K7diME JEUA g3 ey ool SACCFY AAWHYLS
UedthFig I 1-22). % 87¢ AW shed K1, K7e Hx L5329 A7w

OE® v FHE Holn UMA 6P & TXE JHAed o FH
g499 By F2E BR2¥=E P HEE M= &g olFd A
dEoHAY, & BA2d=E {9 st FHERETE EHM AUeE
SdolE s el s FYHUE Y AT

FH FxoM Hole F& FEE o AL HAFA edH MEF
AR AW K3Zxe BAAES §5e 9o Yehd whd K26 A& 100 m
RE AYtne #FFdM EFF] Udedn Ao d¥ % H:E FXAME
A K27k g5 AAAA fdsE e ZAEYE EoFa UtkFig. O
1-23). 9% BEE 200 m FFFAA dFez TFEF A YEY 199
A7t A5EE B8 BA2IE HfYPAA F A Alel2 olF#e Uil Ao
9, 24 B4 EXE JEhE A #2100 m AFHolA F2 A YEhy

f BA9 %ol ¥igln Y-S RAF3 JYrhFig. O 1-24).

¢k 30 mile $F28 o|Fdd T AxRMAM #BFE 52, FE9
FRE AZEY AFERE U8 FHE Holxn Yo AxAGF AUEA Ateld]
T APH ke o3 EFH 949 WUF] F& ¢ F U T TET
AW K77HA BARA2GE §5o gFo] nXn on, gL HFHFAAN A

m

71¢718 7N JebgthFig. 1 1-25). AZ XM #H8] 100 m #29 U=
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i

BEE7F 4 veda Jded olsd @4 A% FHYg A BAXFPE
g we e s e 49 ZN 9
o2 HAG. oA, XME FHY FIFdAe BHA2I= dgrl, BF
o BFoAe dds) gyt ol s U Utk 2 EF BEI¥:=
A FARIA EF 100 m B2 F2 E¥slgrhFig. O 1-26)

o B2 4r
( Fd

R
e

4) T/S &=

3,000 m7tA] #5F A Y AR2REH £, 489 £XE aFoH,

JZ¥E M UE £31E PelsdtkFg 0 1-27). FHA BE wl ~ wh
HAEe EE 5L 5 ~ 6 T, G¥L 3415 psuf Uehie A AN 2 olE
Holx @3 glemz FUF Hele A4 SHE RoFn Ao Fudoel AP
Ad PFIME 374 wssh #e Aeels B7atx I8 oe Y naFm
Atk EZF $e0] 3 T Mwes 373 Ropor] 4B EH 34 pu vRos

solgth, &9l 57 el X we FPFL P sde] gwrzd 54&
Uehlie ZAEY ¢3S BYF Ao F o] AF FEo2ZHH AL,
Ade] ®FF, WW, CDW F9 FelEo] SF AF# K1, K2, K8 AF7A
ety 3t BEAXEE e 5L YEdEs FI28 K3, K4, K5, Ke,
K70]31 w9, w10, wll-& ddaje 548 Vel At
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L. 38 2x §E4 H AMHESH

1) 3g dx 2%

F i 71V R vroizl 2001/2002 &= dHA 71 9t ¢ 29
+F AL 2] 5 Ae oF 3,845 widolfith o] sbeH &9 61, A
AHUHBEALT F 234 A AtolelA 9,900 HW vid, FHAEIETE HYF
A 6300 B wldE FF U AAFE 95T £ UA FAHUDT
A71H o2 2001 119 30¥eAM 2002¢ 1€ 1971A <F 334z 2z gz <F
74A 108 F= A A0l 3o s, AVEE ZY U5 g Yotrsich
ol ¥ AEE F A WHoz ERIGEH, shue HHoz oFoA
Ao Xe 5 vld B FHF YEE AP, FHWY ALF AEo] 5
Agelxe 1 vtd B =2 AN 2 ¢ 249 9% 2 ¥ 5
o3 2ok

o

o

KB
T

(1) Leg 1

FZ7)7k0] 2001 119 30¥0)A 2001 12€ 84z TE TZo| 3hte]
dog ooz glo] wl FMe] $F A8E 5 mile T HT D=2 el
& #F Fdol XA 52, E ot % WFPoR olFst=rl oW g 56,
QoA FHAMol A Iz EoMEe AAV Hu Utk wFA 9=
56, AFE FAA oldF AQY F gz FF Lo EARA dE
Ngoz dEA Joy oy AFJEs B A7 FAAER dehvtn g F,
29 52, B % ARE FAst @9 56, o o]27)7A] & 255 whde] AH
U5 Fo49 FHa Ad 4d Zx ol o8 adz dHHE 7 d2aYe
As YehA ¢tth(Logl_ N_PF A A, Table I 1-7).

38 54 Uehlz] AlFste F34 A 99 60. o cl2E
BAAE FAN 5EAE e FFE Bolrl AFAAT FY 566, ARNA
He Zgo] Yzl Algstl(p=13 g/m’), &§] 59. FEH EAFHo Yo
Z33l7] AFAYcHFig. O 1-28). 594, AHo olzg|xe HF I/t FHU
166.1 g/m7tA] F7tete] FASVEFEAN GEA MY Hges o|Fde Y
ol AR i Aol FY 59, ¥2U& vrhln 3tk o] AFL EF

o

oo

U
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A7 AHMAGACCHLE AYY FH EX YX& SACCF &% ol ge & #
Atk o] AAHY F BZ AYe 238 milez HF YEE 2120 g/m'eF
UElttHLogl_S_PF, Table I 1-7).
ZALAY olF BRI U o) EFL B2 B3 AEe AAF A7
% , &9 58, o FHA FHALZ o|FEALt. U F FHo] FE Wy
AHoATE o] M FA wEdoz FAHAL}. 251 miled] ZI =Y
ATE 054 g/m’e2 Aol A BI3A] ¥E Aoz YehdthLogl EW
Table I 1-7). ©] A¥e FE AHAML Shackleton Fracture 9L E3dle
Agog A F4o] FH FHYET ¥ ridge Aoz dHA glew,
AEUE T EF AHez. fJIste Xolth. ©] A9 F&E FEL SACCF
AY ot Aoz FFaA Id d=rt w4 JEUds Aot B AT
#E7ele o8 9E BXE dehbA @tk ¥HE UEE 176 g/moE
EE A EF SACCF 5% sjqojflen, s A3 adyrt 2d3A
%AdH(Logl_NS SF, Table 0O 1-7). o]gg [JJoz2Es FRAF Al7l7 12¥
zgolgl Ay 23t GHAEVETE BAMELZ olFde AETo] 9
AG7AA =2371dle ol& AZIY &= 313, 2001/2002 =5 &tA VI T
2d 21E AA7E B 7hedel gloh
2000/2001 zAF Al7lole FHERETE ¥ g dYAEY FHAA
o] A AAE wMAstd JFHLE AE AT aeu g3 Hee
ZAMAY AL BAZ dd FYd AHNE 2ARKA REItn HEAA
AHHEA Atolel F M HHNE ZAEGEE olHT olfE o AHo
FFse A 28 A7t 24 dede AYez | W i gE sy
A8 HnE AFgeltt. F F A9 AAE A&Hoz #AAY ¥ ¥UE ARE
53l FHAERETE FROMY 28 P X0 ois diEEE & F e

)

r:{J

A

i)

AREAY 7FsAdS ZAEAT. ol 8l AAT F ANY BALE FH=E 30
mile o} Qo JEOoZE ¢F 80 mile Ax oty EZ9 A 44 2,000 m
B2 d& AMHCE 95 R & FAY gt T A=A
dHFEH AolE FHdte AFeln EF AFL BI2YE Y FIF
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il

359 Y FIRAM AuHon £ Y BEE U ¥E R A Aol

& FA AFME 30 g/m’ Fine e E¥E Uy Ut F AA
7hed AR L A A (Legl_KMDIA FF D57} 1026 g/m’ 22
dedEY £ FH(Legl KM2)Y 820 g/m’ BTt thx A ez glon ¥
B Aol A & zolg UEA @3 Mg £XE el Yck(Table O
17, Fig. I 1-28).

F9, BAAYE FYRE FHZ 7tEA2E BY FAdA Y UsE 104
g/m’e2 U FAg Z Xolg Rolx o Yok Aoz EL AY
AEe AZAY GAZAA degen dHBEY GHoMe 28] EAA
&tk

de Az

i

-

Leg 1 7|7t B¢ 28 Yxe XM 52, , 99 59 ~ 60, HZ(ZAF 7IzL
129 49) oA 5204 gm’e 2 71F BA Uehlz JdEd oE Bxge g
o] o] =g ZYY olF AzRegtu U FHEI=TE HRE H9G (A
71zF 129 6Y)ollHE ole{d £X EAS JEhA ¥x Ao F AHY FA
wekol A€zt oF 350 kmyt oA AW 24 Az HFL AR Aleld] 1T
w oF 5 8 Ao T Y Zole o] A7l F AP FFHE ZEY °|F
ZAZ7 g FE USE ¥R F, MA 52, &EH 59 ~ 60. F2d
Ueld & YUz ZEFL Haxdz sy F& dddelr FFHO
JHAEH §F ez olFd 28Y 7tsAo] Ut

(2) Leg 2

AT AGo] FHEVSTE AGog HAEHA ZAMA olFd g 9d
Aol e 2, 3, 4 IR WY SF ARE B sIAHFig. O 1-29).

Leg 29 F8 d7 A9 dHYAELH FF Moz ALz
G ERETEd= BEFH e Aot #EH7IE 2001d 129 13U A
20013 129 0292 FeAd sddd. 43" AP AL dFT 7HE
Tgste F4A 2golloyt EH dgle] wE Y FF WHrE s BT
FRog FAY AP FYo] HUtHLeg2 Box). AT AHd =287 93t
JYHPE FFEZHOE Zpovi(Leg2 transitl), £ FH A2 Fig. O 1-139
Leg 2 189 FHA FL3l MEOZ o] F3AT.
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Leg2_transitl®] ©|% AgE o 90 mileZ 5 mile FTFoZ AL Y
UxE oF 2186 g/m’E Legl S_PF3} H|&38HA Yelgth. 53] 94 615° AM7H
53 ~ 54° BZoA Hu] 948 g/m’E L Ux EXE YehlE Z¥To] olF
Zo|tHTable I 1-7, Fig. I 1-30). < 9900 mile’e] %A} WHoz FAY
T AA BF UEE 2134 g/, d2E 328 AYFe o 724H E, AT
AG(CV)E 314%2 YElstti(Table O 1-8). HT I JdHYHE G5ES
o]F3 AW FAH e EIE B o XYY IYT EX ¥t ZA ¥+
g & AAY. 2AF FHUlY Z A uig 2E AEE HAEH Ve
AZM 71d =& BIXE AP AQeAE 200 g/m’ o3 IUE BIE
Yellw glevkFig. O 1-30), & AHHdAMe @& X E B ¥WE AF7t
aA Jehta slich

ZAL F90] BAFHo] o]gd T UEE Yrhle 28FY olF HEE
shebalz] o9yt Leg2 transitl M| AM7A 53 ~ 54°0)x wAE YT
A7 dFog o] Yoz o|FF Aoz HAZY. AYFOLE o 6
P= FGold gom, ArHez AU oFe 129 13U olFoiFL, =4
T 1YE YT $AL 129 18YE 59 AR ARIAES Helw ok
Kils(1979 a, b)o] ¢ad =] Yejo F4Alo] WEZ HsAE 10 ~ 15
cm/sec®] §¢4 %ol WadH, 9 £ 20 ~ 40 cm/sec & 1 o]iFolH
olZiFd FIE& 2 ¥ ~ ¥ FZAA ALY F Aok EF, A9 Ay AR
Ao i 3y SEE Aol 1] A=t Smme Zolg 7k AHe A%
o} 05 m/se). IHEE, AYEY 5L AA #9 F Aw £x9
wrare] we ZA AR gEd 1UEE olF3 Je IYTol W 2T
30 cm9] &EE o|FFTHAH 60 mile FEE olFT W o 43 A FXI}
Z8d8t.  wE@A olF AHAUY ZdFo| Aol AUHEA AP 79 W9
HEog oFd 7MsAel Utk ET oA Leg 19 7 ¢ #58 M7
52, , 991 59 ~ 60, HIo uyeid PR ZYTLY olF AE7
FHETETEY) old AHHFEAN F5Y 7Hs4ES Ui Ao

(3) Leg 3
Leg 39 8 A7 AL 7]&9 AF AQH FIF HHERTETES
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124 244 F oA}

AYAEH FHE ARdte F 294 mile?] Leg3_transitl 7]7F F<F Smile
g HEY 38 YEE ¥ 17 g/m’ez Ao 3E&L AYsny e RIS
Uet i JQAchFig. I 1-30, Table O 1-7). JEIEAN BMZE =gFe
23790 Leg 1 713 F<tolle #Fo] A Fhont A|zke] Aol wet FA

A
Lo

AYFo] o] Yo g o5 Aog Kk
6,300 mile’s} ZA} TN AA FF YEE 2289 g/m’, dZ® =Y
AL o 4954 E, WF AFLCV)E 104%2 Jehgth(Table O 1-8). HA)

S
-z

e BEE HolA: Qgou ¥ 62, M7 61082y fysd
Aelold At B gl AA we we BEe 2AF Y 44 @
q

54e Faol JEdAe %1 9RoE 48 3YFo olFde P4

gl

K

FTE 79 tg &% ZAUF B¢ F 4 3,00 m AL @
dHYAE BAZEOZ o|E3YrHLegd transit2). 12¢€ 26Yo] ¢F 144 miled
o3 T A AHAMA AAH ©E FHA HlE =& YrY UL
UehdthFig. I 1-30). HF UEE 651 g/meg A =i 7|7 74ed 7%
ES BXE HYon ol X e 7Y AxAHT JdHHEN Ao]E
72X 2E AH(legd transit3)e] BZ sz velti ciTable O 1-7).
Leg3_transit3 o] A HF WEE 291 g/m’oly %] $£4 1,000 ~ 2,000
RaolHdE 5 mile @ FHE YE7 Ho 1301 g/m’ez Jeh} 129 zede
FAHA Gy nYUES ZPFo] 129 Fukd] HolEWHA UEgS ¢ F
ARt

BRA2PE SPoiae A8 EXE FHERsIEee tE2A 2didY
FEE o$ A5 9 BIE 50 g/m’ AEE AFHQA EYX EAS Yz
ATt Y FYRE FHsY WAL g JFAHA o] T Legd_transitd A
dlre HF WEE 162 g/m’E Yeh} GHEBVETEY BF 9o ws) ke

rr
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X EA& Yehla gici(Table O 1-7).
AF 71AZ E9717] 93] FHste Had o] 28 £X & 7|A FH
dE AA XA AeiA & dFS & F doERZ st HMoxRt 12¢
289 ¥l S A5 E B 3G (Leg3_Maxwell). 10 mileo|A] AAt®l =]
TFELE YEET o ¥e F£F9 ad
Z g e, o] Aj7ld && F3E =Y
A B & B 842 A8E ThsAol

M

oﬂt

P Id5E 36 g/m’o2 v
Az A o] A& 2 S
ool Wol Wo 3 AHe 7Heted
sict.

(4) Leg 4

Leg 39 wlXgog zAg wW2ag W Wolxe =¥ XA} shite
BAHoz FAHN Qo] F& FUWY A2 WEAHL F7)7} odm, 2Y
4erlt |WE e £2L dehie] AEA AAE FAS 8% ZAME A4
Sttt 24 Alzbo] Ak 299 W] 7L AzH ] FAMY A HF YEE o 21
g/m’e 2 AGHTE 4 v} Ba2Z= ge]l §e WHE TAIY Legd
transitd®} FANG EEE Holm ATk g uis Fe Fme wom
FAH ol sy BZ AMEE me F2 olFde AYe olFd ue
AWEAel 24 ¢ & Aee Yehiz Ao w de BEse AYIY
FERolM A£AQ w ool ofd e o EFY FEE

[
(o

HEEe 100 m
HojFn ded(Fig. O 1-33), ol8d X 54 HAAFE A4 AF
HHAHE 28 EX g9 fARIHL

ft

Y2 Eoter] 3 AT F2IF SHEFETEY EXAFo=
Leglol X A58 FHHA7 SACCF A gore] 2 BIXE golry] Y3l %
A8E vl 5 mile AR AMEHATE AN FEAFoE o]FF H(Legd
_transitl)ol]A] YT ALH F4 2000 viRke] thEF APHEFAA FE
BALQEY o] AYL EF SACCF Ao FZoch. o Y9 HF YEE
Ao 337 g/m’2 bty 2y o]F BAMZE s gdAE 10 g/m’ mlvtey v
BEXE HAF glo] W2 AH G FHER=TE oz oFde
¥ o|F A SACCF A% & YS & 5 Ath(Legd _transit2).
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Table II 1-7. Estimated krill density at all transect and mesoscale area.

Survey area Sa E(g/mz) mile or mile®
Leg 1 | norther part of PF', Logl_N_PF 0.0 0.00 255 mile
southern part of PF!, Logl_S_PF 1429 21.10 238 mile
transit to the SF, Legl_EW 3.7 0.54 251 mile
cross-transect of the SF?,
11.9 1.76 230 mile
Legl NS_SF
between KGI® and EI‘, Legl KM1 68.1 10.26 82 mile
between KGI’ and EI‘, Legl_KM2 54.5 8.20 80 mile
central Bransfield Strait 68.6 10.41 100 mile
Leg 2 | southeast of the EIY, LegZ_tranéitl 1441 21.86 90 mile
mesoscale area between EI* and
sor’, 14448° | 2134 9900 mile?
Leg2_Box
Leg 3 | around the EI, Leg3_transitl 113.7 16.79 294 mile

mesoscale area on the northern part

. 15498 | 22.89 6300 mile’
of the SSI°, Leg3_Box

transit to northwest part of the EI4,

. 4409 65.12 144 mile
Leg3_transit2
transit to the BS’, Leg3_transit3 192.9 29.05 119 mile
transit to the entrance of MB’,
107.1 16.24 76 mile

Leg3_transit4
transit to the MC’, Leg3_Maxwell 237 3.60 10 mile
Grid survey in the MBT

Leg 4 136.4 20.69 22 mile
Leg4_Maxwell
transit to the northwest of the SSIS, .
354 5.23 193 mile
Leg4_transitl
transit to the north of DP' .
0.8 012 64 mile

Legd_transit2

Index : 1. Polar Front, 2. Shackleton Fracture, 3. King George Island, 4. Elephant Island,
5. South Orkney Island, 6. South Shetland Islands, 7. Bransfield Strait,
8. Maxwell Bay, 9. Marian Cove, 10. Drake Passage.

* . weighted mean 5S4
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Table I 1-8. Estimated krill biomass in mesoscale study area during Leg 2
and Leg 3.

Leg2_Box Leg3_Box

between Elephant Island | northern parts of the

Study area
and South Orkney Island| South Shetland Isalnds

Transect length

. 506 296
(n mile)

Total Sa 9125 473
Weighted mean Sa 144.48 154.98
Conversion factor 0.1477 0.1477

0 (g/mz) 21.34 2298
Survey area
o2 9,900 6,300
(n mile?)
Variance of mean
. ] 4496 5.67
biomass density
Ccv 31.42 % 1040 %
Biomass
3 724.6 494.6
~ (x 10° ton)

- 135 -





















2) 38 Y59 AHEH
ZFAF 71 T B5F £F AA vked 3 F O AGE ATIE
gEjste] T W ool AL sl dia} Z¥ P AHEFAHE doprsith
ol AWMFAHL A7IFeg 12494 EojMEAM HHET=ETE FH HFgeR
BAZHoZ olFse AlZlolBg dAF Ao dis) Y UEE HRFLZH
AETY °o]F &= ¥ 9E HIE HA4¥ £ U9 oJE A us9 A
A A zHzt 234 A5 AA 8-

o

ol

(1) Y HEN HEZ x|

Leg 2 717 F¢ dHREY G523 Feausd s BAM-gE
oz F owd AX &% AE AAEA

A WA FAF: 2001 12€ 179 02:30 - 23:21

F WA AP 2001d 129 21 01:30 - 22 01:00
R WA AN Be Yo ZPdE 3y 61°F3A 1 miled] Hy WEst
%F 650 g/m’2 u$- FE ZYFo] LHHACH, FA HMo] AA o 2524
g/m’d HlmA & 9E BEE YT ok 28y oA e US4
Fo] ZABIYS Wi o 6M] 74 384 g/mie HE YRS Uz
A THFig. 1 1-34).

(2) =X M3 daHEM Alo] HM

Leg 13} Leg 3 712t B¢t AFEAALT AHHEA AlololA F W ZA
28 ZAME Leg 19 A% 12¢ 70, Leg 39 129 27 A A|3H th(Fig.
135). 12€ 7%¢] #=F ¥ A Yo Hw YEE 82 g/m’eg v B
2S¢ ez gou, 2080 AW 291 g/m’e 2 Zrp3lgrk 129%¢) #&3
Ao E AH BFHo AW AdeA 3 ZdTo]l EHFHA Yskoy 129 T
Aol ¥&8 ArNE Hu YE7h o 450 g/mez ¥ WEV} A&HoE
YeEh}E ASE  Rol 2001/20029) A-$ 129 20¥¢ARE HHEI=EE
FAEA ZdFo] o] AQeg o]FY Feg HYth

=
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Q) Al E=ELE 55 3 Y

Leg 3 717+ E¢F 129 2497 129 26¥¢] ZAA $4 2000 m HE

FAAE we JA-BF WEFeR S ZAE HAEAS 249 AAE
2 93 T9e 2AY FFE A9 zhEo|n(Legd_Box), 26Yd] A
&L JdHUHEY BA 9oz olFdtr] A FHolAtH(Legld_transitd). 2z}
el HF Y& 2289 g/m’, 29.05 g/m’ 2.2 oF 6 g/m’e] x}olrk Ui QAA|wH
A9 F A ®Hs) dx zo|7t IA UEA e SHo] Ao F 12€
Steo] HAEWAM FHEUELE BY d9eE EBEAZFY ZETo =¥
A& rFt

A9l Al AGlH AVEE B 2ANH BF U= © b
129 17979 dABEY FZ Jgd e Use =3Z

2
=1
£ o3¢ aYF dAUEAN FE ¥ FFRL Fedd =2

i)
st
fn 2

L 3
:.g‘
ot
(e
M4

AdTo] oy A& et ok o E £4L 129 7dF HHERETE
BFoA A AgdAE dl¢ 22 HT E9xE B9 BFHI ZETo|
0] &3

F71dle ol AlelASE Ye Aok BAFHQ adFe] £8L 124
244 A A AEAM UEIHOER o] FdFo] dHIAE
olF Al7le FHolx 12¢ 24U o]F7t Holol g uEehn Atk whEbA
JHHEN FEFo 12¢9 F&o 28 LT 129 2Fol AN Legl 7]t
T EY 59 ~ 60 °Atelo] ZHo| FFAL FHEUS=TEIL ofd HAoEF
Btk  wEtA o] Ald IFE =¥ HRAAPE o=
SigEzl=N

Leg 2 A7|Yd 12¢ 13 #5F EHI2F= Y 5EF
AB(LHYHREAN P52 oY, Leg2 transitl)o]A] HFF YEE 2186 g/m'o
FHAEVETFE BE Y9y & IEE ez glod, od UE EXE
JYHENR & 23y A A% qg A HA 2AH2001d 12¢€ 179 02:30 -
2321)e] HEF YEQ 2524 g/m’eg w4 EIXE HAFH ok ol
AZIE 2 BXE Hol AHAEN HFH 129 T 28 €3 124

=4

rlo
i__o_'l
1=
%
o
fo

A

|
el AN Legl 71 FY & 59 ~ 60 °Ale|e] =™
FHERETEI old BHAPE SHY heAe] M & AL Bt

4W, HISVEZE BE oo A¢ BAHA 2YFe 129 0U94L

T s

ol
rlo
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AFA =2e o2 fdEy oA xEd AT Yx Xoje £ XA
By Leg 49] 129 ZA7HA A Ao g Rt}

FHEGETE BZ s oA 1999/20000] HAIG /= (3=, vl=, &,
HF)e] FF A 7hEu 1290 AAG dEB 2AM F9, 19999 129 149 ~
189 olygem o] Al7le] HWF WxE 5045 g/m’oZ uvrelti(Hewitt et al.
2002). 39, 2000/2001d AAF 2 A7 o] osd 20009 129 21
A% BE UxE 2283 g/m’e EXE, 2000d 129 31Ucle HF YEs} 222
g/m’2 AYTY YUEI} YASA FAHE ReE Yehgrh

olggt 7]&e] Ao g AF/ES ¥mT w, 1999/2000 A7) H]s)
200172002 Al 719l GHETETE BZEd RAHQA Yo £9dtes Al7)7} 3t
ZojRon HE Yx Fg @Fe FFENUSS Ve ok ey 2000/2001
A7gte B dEdAM Bl EXE Ho Fr FddME & ol RAFR
%38 o

Jb
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Distribution of Antarctic krill and oceanography in
the vicinity of South Shetalnd Islands and the
southwestern Scotia Sea during 2001/2002 austral

summer

Abstract : A hydroacoustic survey using EKS500 scientific echo sounder was
conducted on Antarctic krill from 30 November 2001 to 1 January 2002, around
the South Shetland Islands, and the Scotia Sea including the area between
Elephant Island and South Orkney Islands. Krill density and distribution were
determined by virtual echogram method which is based on the difference of

mean volume back scattering strength of the two frequencies (38 and 120 kHz).

From mean biomass density data using 120 kHz frequency, p in this season in
the South Shetland Islands was about 2298 g/m2, and in mesoscale area
between Elephant Island and South Orkney is about 21.34 g/m2. Estimated krill
biomass in the northern part of the South Shetland Islands is 494 x 10° Mt (area
. 6,300 mile’, CV : 104%), and in mesoscale area between Elephant Island and
South Orkney was about 724 x 10° Mt (area : 9,900 mile’, CV : 31.4%). Higher
krill aggregations were largely found on the continental slope at northern central
part of the South Shetland Islands during late in December. In mesoscale area
between Elephant island and South Orkney island, higher krill patches appeared
during in mid-December. Krill patches were not found at the northern part of
the South Shetland Islands in the beginning of December. But, krill patches
appeared at late in December. Krill patches in mesoscale area between Elephant
island and South Orkney island maybe migrate from Bransfield Strait. Water
masses from T/S diagram were classified 5 categories - northern part of Polar
Front, Polar Front. Antarctic Circumpolar water, Weddell Sea, Bransfield Strait
water. Polar front formed around 56.2°S with strong gradient of temperature and
salinity. The physical properties at western transect in hydrographic station

between King George island and Elephant island depends on the water of the
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Bransfield Strait. On the other hand, Weddell Sea water flow into the upper

water column at the eastern transect.
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89 : o2 4 $7 LAWY ohzm 2Y YFFoErEHe FFo| AYs
2993 $XE ZFSEd 2 9YL U, 0 ot 2L Hare JAD
e TR WANTRAE G R M7 WEA 52T Atele] Y
BxoN dmoz FepA B w el 950A 22 Aol HAojge B

2
of 39 2ES Yo I go] wel gastdth ot Iy AR Wi @

i

£ 24 A7 Anpi2d 5_)01] ago] Aglew 2 WE F4sE FeE Ao

dde] 2ol B WEE BAHE 247 BYD AxAHH dREY Ao]e]
dele Holx oW 24l Al7lele 2do] ATk ey JPHEAT FeaY
A ApoledlMe adoel Agdl Bton 2 UE 2 FARUG. A A7 Fw

o &AL A7 AEge] HAsBEsY 29e] o A Ae AYS HaAke
TAREY WAHFTE] 9T UAS & Yed ATPAL R

o FFol ma2BEAR ot 2A) o|RolAAY FF AA7} Wepy
2 A5AE ANt B IeRERs geavy AeldAe 28 dd #F
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9 28 F 48A Ax EF NG AA HolZEAA Ik LA
dAse Fo% nEoln FMUAYSE FFE Il Bo] &A
A BFez ¢ FHE g = 35 59 &
F BEXE 3tz o FHEH=ETE B2 93 deayd
A& zde| ¥inE 1d=Z IHFHY 3E ofde] HdAE dojve FEoin.
8 vt @5 dF RIS 35 8 AEAY AL AAY o F4
=4 SFE ol &% I8 Ad ZALS AT ZALE A
g FPaen Joh. @5 2EY FE) AAFE vjd dFS Holy o A
AAQ 37 wslel 22 s Aoz HZEcthLoeb et al 1997). E g9
AL BgeA Zde] nEER EAE JHeAe] ¥o] EAskE Xol Ade AL ¢
A HATh ole Heol A& X ¥ oYz Yol HEY RXES He £XE
FAsE F BTy 549 FFS werh. e 243 2 Z=AEE 9
& FxEE Al dF EUAT O Y A AF/ATF B 2A HY
3 W AYe zA8idn 4% 874 8¢ AEE FHAT. AEAHTH 99
HEA Abolo] Circumpolar Deep Water$} Weddelld] 719¢] 37} 4jole Fd
e BUE AAE Aot A 28 2AE AAEET o] g & $4 7]
3 E o] &3ty FHETE TE 5F ) 2AAYE Y, AYHEAH A2 38
o, dYHENT d23uUy Aol A IE EE} AAFE ZAT F 3
Ak E AF g&ste AAEd i ZUE #Fo] FEFH 7IA FI TA
Ao A Al&E o] Holz o]8d 4 Uv ™Y dH EEE FHAEY HHAT
3 Hag 4 JA HAUuH

BN

X2

2. X 2o} W
23 A 439 Age AN s HFAT A2, FX SXgE A
AN & QA3 ZAol Fejgke 71Hg AL A 28T S ANk

el 2 1doA JFHHE BAY 49 A2 s & AvhFig U 14). 1%

- 152 -



2
tio

Al A7 5252 gt 39 52504 60572 WEHeE 71 38 usk A
ZABIAL OA] M7 9%, E9 S8EE o]Fsle gslE AlFEstAT gl
A TF BT 28 TUHE A% AAY 79 2ABIAL AlF VIR §o
7] A BH2F=sHS FHA3IAT 28 e dYHEAH EES AU ¥
EAF Go3aui Atold] S AT o sige 13t E& W A
o g7 dZd€t. 33Aee FE HHNEAETE FF s FodM XA} o] Fo
Ak OAl AlE 71ARE Boles Hol F2AAHTH dHUE Abold] H 2E &
UE 798 498 Ayl gA @9 Bd2g=sydes 53399 43de
7IAE &, FHAENETE BEF HYs AA FEoldUE=E AT d
HEHT Foaus Atol9] sf9o] 139} 28 o) ZAHUL BAXI=3Y
S 13 FhkE-e} 33} ZukR 2¥o) AA FHEUT. *E AXAHH dIE
Ate]l AR Fog 183 TRl 39 FkE, 23teo] ZA AN & AU
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Fab g A AR EKS0 F3} oF YAYE olgsuod A ¥
4 urge ¢o) 1AolA oln] AgEgch

ado] JEHA F Holz o|gae A% EFAEY YAFL A5 59
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24 ¥E2 ZYSQ. S5 250 0§ GI/F Ao A2n §S4E op
o

€22 FZ3to Turner fluorometerg ©]&3td Z43tH. A ZAML o] F9

/A 2ZUH 2R 5o g8 dYgex e d7 Z2ado Fuase ¢4 7I3E
o] &% Wl 24 AR EFFE AT F5L: FEE FAHANGT 4
4 FEE FAE dole A=A &3 e T AA 5L =S FAsx
T 200 m AZ AL FHFE o]L3td d o FHFLE 20 mold =719 micro
AE EFAEA IF AFE FH 20 mET A2 nano A E FHIAEC A7
& %g FEIACT

a¥S T2 Hai

Fe 29 2AxE, 149 94438 A% V1A F
ZAANN ZASAT WA7] 27l B2 R SAE AT A2EY 23F
o Aol gete] AHely FAHoZ BAHYT. WAYTEL R} 0%

Az WA A7EC] Aet creche BAZA FAS olg A7Y 4F LR F 4D
sese dehigith AFAAL A717h 47 W] creche BAY TR A
NEY 58 25 Ao A $AF2 Y E shtel AN42E ARE A
o ® A7EC] © AT Ydolg du HiTE Vg FHE St fledgling ©A
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3. 23
b 2 Hxe} X

@ 22EHEMY 234 H Ao sl .

A7 5228 wet W e 5 W AMA 2de] Az A= A
& AL 39 9= ol2haMREPer & Wyt £F Jekci(129 49). F
AA ol =29 Wwxw 2110 g mle @3tk 283 w A dIHENT
FoaUA Abole] Yoz z& w(12¢ 15¢Y - 12€ 209) AFHY 2ol
ATH2289 g m). A7 4959} 525 Alolel L ZAIHL o W9 60=9
625 Alolo]l Zgo] Wol EEsn & wrl AF FFHJG. F9 625 o
AE Zdol HA detgth 23 99 AR 929 25 Aol S RFA
FZgoz Yee o 28] B ¥o2 Yehte AL ¥ 595 FJEFEon ¢
9 625E dou I o] Hhde AYE HAG ol &F &R AX o
A2 A7,

&

2

@ ZxX M3 A2[HEM Alo] dH

AMEE FANE T3l olsT W MEE o] JfEA=ZEE HFT
AL A A AxAA olg wi7tx] ZEe] X Edd o9 38 "
AY #EHA Gdth AxRALG YHEA Alold] H 9L g FTF
7} Hele Adelw AlF ZA% /Mga wid S8 @5 ZEae] dF zALE
FYAUA Arbes Xol7] W] A S =AY FL& Folgt 2¥E =Y
B T2 AASAT. HAERAHH AHHEA Alolo] 2719 ez olFo3
EAAY 39 RUE F9& A v 299 4L 810 g mSZ o del] Hs)
w9 S@kTH129 79-8Y). FHolk XA} o]Fojd FAjdle ZEY Fol ofdo
Higte] A o 2o 2d dx AY veuA itk o] W AR 2 &
U Az 97 77k S 129 279 7IAR ELLWA RASIAE Hoe
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2905 g m” Gtk ¥ wA 2Ask R WA 2AF wjo] FMo] AAAAE g1 F
Ar) 2A wo] FAo] o BZoz wol gled AH F v A W 29 o
Bold Hole o ¥&% AREA Zdo] Wol wHW o] AA AT 1Y
A= B3t A ¥MA ARG 3 o] Wopxl A& A4 o|th(Fig 1T 1-19).

@ =2 ATC5
¥ ZUH F9 ZAF BYa AF VA2 Eolrle Zol B2
s & w129 109) =22 wrt v FHA vEgn 2 F =T F
o] 10 g m-~ FEIJTG. IF 3FAE AL F WA BA2FGeEHYes 53T
Al AA Ve 299 U5E 16 g m” Ax 2T Ad
19 Hlsg Al7]e] BAXPESHAN 2Y YEIL 40 g m? =T

WETE FF ddMe A 7108 39719 (12¢€ 239 - 129

EZF 4529 £ ¢ oqdn ZA v=2x @yt (Fig I 2-1). AA
HEL GolE 20 m o] micro AE EFIE YT Fole 5H3] EF HEL
o)

o @9 B Agol 289 B8R AL A2HA W

AAL g & o] TAE olFI 248 & Fol FEATI gt n
HE Holg vEr A7E Zlgt. b AEAHA A 20 A7E SHEA
HIE Uz wiztA 71 & vk AR IAEEF AP BF 2YE F Yolg
al7] W&o WAL AT EL HolZ o] § shed a¥ ¢ ABVF €9 F
A 7 3 AR FAE 718 A7 F2 e 2FF P HANTES
=5 200172002 ¥ 2)7]7} 2000/2001'd B.o}h Wgich(Table 11 2-1). AT AL A
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717} 7] d&Eel BUE FXE gACE & HAYAFTE o A A7 FE =
4 @AY Fubio] Ao AA FA FE vw E e wMA¥TE ARE
Table 11 2-2¢] el ATt o] Table I 2-1¢] B HAHFTEHT} =& A7)
A el MAZE gt 20017200236 o] AFrt A F 0.99 wiele) ©
£ 2000/2001dHT} §HF 2RSS & F An E FH4A AT A7EY AL
Fol A dogeS & F Utk W A7 S0l EZolE 1 EYA vk
U7kl A fledgling ©@AS] FA =8 FAAE0] ZESF Hojo FTHEIY 25T
Wt NE7ZF 2 & ded A% HP fledgling FAE 2001/2002Q H2A 771
2000/2001@ ¥ r} RZ9ktH(Table II 2-3). o] AR Eo] & FAA A 44L& A8
AgA vzHEHeR B7] g8 GHER=TE W28l 3= Cape Shirreff
FAAANA nZF AFFo] ¥ ABE Table I 24 BYTh o] A8E WA
TES O HEE ol&A vehdy] w&e FAF wustrie oy Y
HAANFTES 3T A7l g¥2d 4 &89 chicks hatched per nest9}
fledglings per nest® Q& A]7]9] Ajold] &|Fstc}. Table I 220 B AAE
AF3te @2 creche TAY Futid 42 WAHFES HW2" 4 A8
fledglings per nest®} Al7]|H o2 7i719-w fledglings per nest7} ¢zt 2Z& Ao
o} AE A wis] 2001/2002d ¥ 2]7] creche @A Fulio] 4L FAE 099
ntEle ol FEA vlE e AYES & 5 AT A2EY] MAYFTELS 4L
gou od & & A7 JAE gedgdn JFY & Jrk. W9 fledgling
FAE A5 F2EY ZF g 287 ofd FEAA
Qok3ly HAAEY] HAANZTEL AZ0F YoHEL Wolz AFEHAL HAHYTF
& dde] HlE] 473 @& FEAUDL. ANE V277 ddrng oEfley
U fledgling GAZA 7129 2 FAE & A7t 1A gedn A€o

v

Btk e 7hsd Lol ol TE 47 23¢ A7 g S
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gpo}sly] FEa A% FAHAYL JEE A8 F UL AFE 9T & Uk
A AYIEAT G223 Ateld sHoA zAbE 2YY BEEE E
G5 F @ @AV 229 Fo Exdige Ae FANAET FEHL
7 95 571 FHERETEE AYEA Fx£o g ta BAste A
g Utk 289 2IT 95 BF9 AANE vgstm AUk
GHAETE T BF gL Holx 129 siede Ad £%9 Y Y
o] EX3x YN FAT BRI AT HIF A Fpel FA(Y 18
d) 2 A9 Fo] FrHIAHIE AR AwtHez Ado] AHYH LI B
A2FEs oM 28 ¢ ddel His) Fe FEoIH ole Fdd st 1/3
TELR Yk BR2FEsfe] o] o Adroa HdeAe £BA &
4= 79 stRl APste dxAe Ho 2ELe @ 7Y FHR dAPs}e
93 BE MF qez Ry 45 g/ de £549 FAolge dart 2 o}
E9An thHofmann et al. 1998). FHAEYE TE EF {9 dx 3
R A& g gex 7]1de AY Relth W BRAFES :
A3A dt. Hok d¥E &5 7Y AFoA & Aol AZE. BAxI
EHP L MELS F5 e A% dyxseds® gy AAT FF € 4] A4
ol G Aok AL GA o] FHHLR FAHHE Rolw ALY FFA
b 2 3le Xojth, = HlE AMZF F9o] ¥ FHA 9% ¥ F U
I AZsE AL AL o] Mid dFHoE YHHE Aol & olfolt. o
T AL Wl Fo] FAFEA FF & Yo HolR o]&dE HE EF=
B9 AAFe] FHoZ Faste L F 4R Adolth. AL FHHE 3
Z7¢ 71E vla AE] AL F e JEAS AFdh &y Y ZH 3
B A oA 53] FAol ALS ¢AH
T3 98¢ 3ln & HYE Ade] IANERYE I¥ &
X Ads A a2 2 Mol duiEe] 3
Ak ol FAHE ot FHEHETE AT YA At AAH
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(Siegel 1988) Zdo] g vl AUZH O ZE olFdA W LM ALE g7
3 gog HAEWA sHo] FEHIL AYe] gUYger yaud dda] A
35 e ME e dxE 289 457 98& 1 YYges 2¥e ¥
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BA2PENYPOR Eol2E dFY 550 ddy @2 2H9 ¥
Fol H1gatAY £& =& 7HeAel Ut
% o] mdo]l H¥A LHAE Wz Feavdd JddH
EN Alolol X Zdo] ABF THHJUL FAE patchE o]F= 357 FF AN
o oA LHEHELE F3) o|F T W ZYo] BA ¥hI FHEA=ETE EF
02 £& WAook Zdo] vy AR F F Aol AU o] FHL A
g Atolell Fi gtk o] Agle o] HluH WE HFEE o|Fdrn I
T 4FY WA &) Age Aot LIVEAT FIuH Aoje s
AYo] olv] A& LHETE AME B o JEHEAFH Favy Atele 34
& oju 1 FHPgor AEHUNS Aoz Btk Feayds dAEN Ao
A Zdo] Bo] HHHUAT o] AYo] Y= FA FEL Yol 20 m o)
FEL ol B2 & ofHATh  FHolk meso scale (FH] km TFR)AIME HE
FIE AAFo] 5L XE Fol 3do] RAEHL & F Ut o|F& FH3
o B o] 2850 FFHAF 55 A2 Aol oilx gE 7Y F 4
43278 wAUEE 7Hs4dES RYETY. 71 A7 desAn Mg 459
A= A9 dy2sedl 2R FFH Edele Adde 22 9934
A EEsa Fger g Adojzte Zojth
O¥ oA BEod HRxgded e I oEste AFAAS Ax
Ef WA AT E Aol Hole Ax MW rhesith. AF Ad2 Ax
E HARg 98 HaE AR o BAXAEFHFP o] BA &%
7] W&ol Ho] RFol] A2 Futd FUAL o]AL AF AP WAYFEA 1
HE RIGEAT Aol Ay Fgo] THHIU
< O%A @A Poir HIT E J2EFY AP
ol A7) Wi ¥o] g7Fx avkE o} A¥
o g g gy ok
24 £¥ ysiyt 28 ZAAAA viAe 4FE 239 olsisHY 2¥
9 B 4% Yoz =Y we] Aol T Ze FHFH FA, dF 27 ol
29 w9 &8 vz g B4 Bosht ol ol ATt AL Hol A
R HAZ dol Yok EI AYY EIXE Fede wA8AS Hobsty] A
da 17t AEE e} FF ¢ AF/ GHEUETEY BILYES)
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Distribution of Antarctic krill around South Shetland
Islands and the consequences for krill predators during

2001/2002 austral summer

Abstract : An acoustic survey on Antarctic krill was conducted around the
South Shetland Islands during 2001/2002 austral summer. Between 49, W and
52, W, krill were mostly found between 59, S and 62, S, which indicates that
the Antarctic Circumpolar Current (ACC) and its southern boundary dictate the
major distribution range of the species. During early summer (early to mid
December) krill were scarce with very few swarms to the south of the South
Shetland Islands (SSI). Krill density was also low between King George island
and Elephant Island, where high density krill were often found in previous
years. Between Elephant Island and South Orkney Island, on the other hand,
krill swarms of average density were present. During late December, krill
density to the north of the SSI was at its usual level, and particularly high to
the north of Livingston Island.  Surface chlorophyll concentrations were
comparable to the past summers. Nevertheless, chlorophyll concentrations, either
total or from micro fraction (>20 um), did not seem to bear any significant
relationship to the krill distribution. One of the most notable features from the
current survey, krill scarcity in the Bransfield Strait apparently affected the
reproductive performance of penguins in the area. Breeding success of gentoo
penguins were clearly lower than last season, and also lower than the level
reported from other areas in usual years. Meanwhile, breeding success of
chinstrap penguins were only slightly lower than last season, and at an usual
level. This may have resulted from the weaker-than-usual inflow of ACC into
the Bransfield Strait and consequent poor supply or late arrival of krill. For the
areas other than north of the SSI, such as the area between Elephant Island and
South Orkney Islands, and the eastern part of Bransfield Strait, Weddell Sea

may be more important in supplying krill to the areas.
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Table II 2-1. Number of penguin chicks raised to creche stage per nest at

Barton Peninsula.

No gentoo chicks raised to [No chinstrap chicks raised
creche to creche
2000/2001 1.49 1.44
2001/2002 1.24 1.32

Table II 2-2. Number of gentoo penguin chicks raised to late creche stage per

breeding pair at Barton Peninsula and Duthoit Point.

chicks per nest
2000/2001 Barton Peninsula 1.45
2001/2002 Barton Peninsula 0.99
2001/2002 Duthoit Point 0.72
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Table II 2-3. Fledgling weight of penguins at Barton Peninsula (MeantSD,

n=number of individuals weighed).

gentoo fledgling weight (kg) |chinstrap fledgling weight (kg)

2000/2001 5.01+0.673, n=130 not available

2001/2002 4.77+0.749, n=100 3.28+0.375, n=39

Table II 2-4. Various measures of breeding success and fledgling weight of

gentoo and chinstrap penguins at Cape Shirreff, Livingston Island.

Gentoo Chinstrap
: : hi T
chicks fledglings ﬂec.ighng chicks fledglings flec.ig ing
hatched weight hatched weight
per nest per nest

per nest (kg) per nest ‘ (kg)
1997/1998 1.56 1.34 4.2 1.35 0.97 3.27
1998/1999 1.52 1.15 4.45 1.54 1.27 3.18
1999/2000 1.72 14 4.04 1.26 1.02 3.2
2000/2001 1.62 1.36 4.509 14 1.26 3.166
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QeEoz Belsty, dFBo2E 4 1000 m £29 EAVE o Anx
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£
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19995 dAZA sd 82 R S¥RAEREH Y LIRS dASHo=R
FARAL ok o] AHe| Y BAHL EFF
Circumpolar Current Front, SACCF), g5 <&F
Current Boundary)e] FA4=He A9z, BT A A 7idd g
o] 224 F422 A 48 §39 A7 2 97 A2 Aok ol
Ag A A el AE, A AAEY AdAH WF € @ s 35
el 35 A Fad %8S e X 9 stoldh
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ARE 20039 129 1 ~ 697HA] AAHUAS THE JIHEL &%
Age 28 BEX ZAE AT A ofHBE 2AF HMo] glo] olF FAd
ek AR Jdemg s AHdMe AYAAD F BHLE MFH 57 ~ 69°
39 605 ~ 65°%1 F4]E &= (South Shetland) % HZ3} TE FAZ] e A
A 22 A gdM AA=H}AT (Fig 1 1-1).

PN
>
3
tlo
0
o
B

2. &8 ZA}

£% 248 9

o

ZALA L FZEAESZ7IoHE0008)E Aol split
Feje] 38, 120 kHzzt 2y el 200 kHzzb AX=o] Sk &% ztgE Al
Fogo ta] FAd FAAT % AL BE ZAMY olF A=A EE
B FATS metA(Fig. U 1-1). ol FHET= FEv FAN A

BAoz widadoed FHAUY Agle o 55 wdoldh W, dAwmxs A
g FdeA BH AL EAsA dAPsdden FA W Ages 50-150
ntd2 g2A FAAT ", FHAESE FE BFE e 47fe] FAd
A 225 wtdS, AW A sgelA 4] AHAMeA 390 vidE FAEAG

ol

(Table 1I 3-1).

g9 A& U ESDU(Elementary Distance Sampling Unit):
AAH 2.2 1 nautical mileg AMR3FPow, FAMAS ¢ FB ¢ GPS Az 9)
A 2 FoeE 2F Are 2% AE FHEVA BB AZEYOE o] 838l
Aeth. Aol FA7IY F8& 4Y WFE 1999/2000 synoptic ZALF
AHg8 CCAMLR protocol AMG8IlTh &8 ZAb Qo] 9% AN HBe
AAskA] ERer R, MM TSuin Svein HFE AAY 71E AHHRE AME
At

>

(logging) Al2%le] 918 WSS AT ez 1AHA
T(default F) ZE SF AEE AZANUAT, AFE ARE FAHYse FA A
Are s mE F& 3, #FH A, EA & TS #BS BAY gl 2A
Ahstel Ag AAL € £ Y. 2y, @A #2E AuE oHHF A= A
7 E AANA Epeuz mdy Al "xe Aitel Brbssta, Zde I3
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BX 2 $£3 E¥XE FEHeE Yepe HFE A4 AE7E(mean volume
backscattering strength, Sv, dB)Z%F L EFE 4= Sith

#E5d A A Fo AR JFeH 22 AR 7P Bel AMEHEE 120
kHz A8 & FALZ AMgsHen, ARG dxd Ax9 F43 o]FA
FAstE daH 71 FFES Tt 15 ~ 250 m Alolo 4 ARE HE
Teg AT W, 50 ~ 150 nd e HFH S A e SF A8E
#=3t7] st FHAZTL 30 ~ 60 X, F4L2 1 m & e 42 e
Z+ AHY SF A8E 53T

3. 43

129 &L oA o] AAHE A7 ojde] dF Aol 93
R o] Wy 24 fPo2iE FHAERE TR B35 dE ol&
Al7lolt} olEd AT AFT 129 1 ~ 699 HA AN B F ZAME
yehtn gt 2¥ 2EE Az 9x goz ANl d@dzA:e
E7bsste] A Hime &2 ZiA, 2 dzagelx FEHe] vehva it
FHERE TR AW2 4 FHAAM B2 ¥ E sk vn3 =2Zo
F3o] et e d3zade FE3AcH(Fig I 3-2).

AH BE GAEUS TE EXoA, F4 Fe AM= A 99 vehdch
FAY 2% 28L F4 100 m FFFolA et ok 499 + F# A
of ts) B Svsk Svol AUAH BRI Atk FA B dodAe el

%30 ~ 100 m)# A Zo]x PHF SvE -57.3 dB, -63.5 dBEZ etz Uth
¥, BA FY AQoXe 9499 $3(15 ~ 50 m)F H FoNM B So= 639
dB, -7145 dBEZ ueh} F4EVE FE BE YRy ¥ FEs @A
detda gtk HIZd $F AdzAllAM o] A&t Sle A AP
YHF(S)e 2 HAF SvE Jed HAH BY 50 ~ 100 m F X E 4317
m?/mile’, A Zo)NE 4522 m?/mile’ o]t} FA FolAEs 24zt 619 m?/mile’, 711
m’/mile’0 2 ez gtk & oM AME dmade Aol FHel g4
A RS FE3tg o, g QA oz 2d E¥E YEHUA F3L

4> o
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#4 15 ~ 250 ms} % Ag 19ldely BEY BT ST FHOZRE
ade] R¥E Ha /12L& o 80 dBelQTk. wekA, T A AP BEE
AgaRE 1 0d g BF v WEsE AdstickFig 11 3-3). FHEI=
= BZ oA 80 dB o4 225 whdolA ¢ 63 %, AW A BE
MGl M 390 whUol M oF 48 % FHESIVE T BZ oA FhHoz
29 ¥ A Utz Uk :UE 2¥e JgulEs 70 dB olae F
Ao A ztzt 25 %, 11 % Vel o

e
fr

ol AT ZAId ¥ FHAET= FE FF dYoANE 129 F&
olFd] mEZ FYol FAL F& oFH YA EEdFes FHHE Holn
onj, HdlAgE Y ddAe ZL& 7R Ado] WHE FHE e
S Ueh Aok &3 #F A7 12¢€ 1 ~ 6Yo|EE iR A o]
E9E T#E7MA EEd7de ol& AlVlelBE F& olFd yshde
< Jehtx &gt #53 3 ¥97Y FHe A2 TEE U3E ¥HE
Holm o, o]y E4L GHEHE 75 EF o] A2 A YR
F3o] vetdxn Jdoh & HAE AHA AqZaFE dFste d Fol dis
Vel th(Fig. 11 2-4).

ry

FHAEEE TE 5F FAA A B C DA diRge ade EFNA
150 m Ato]9] FZelX etz gler, UL £X= FF A+ A, BelA
Ao ¥ FEE Uehia ok &8, dua A gy 8L 100 m
of F2 vehvn glen, FAE EXE Yol M wHHA dE G
Alelstae E, F, HelA vlsd £ FeE BoFan ok

A E9 &% 7% ATs s¥ol AAT ReE o] AYL dHF

ox.
ol
1r

o
rx
o

ZEL HHEYRE TEY gFHoE EiHo gY¢d 2dAgdsa {olEE
£4¢ vYexn ok geA geE Jrte dFe BlsgE=RZ fUHE
AFE g1 olFdte Z¥ol Uge 7t ey, & dF 7AEg #5d
+F AFde ol Zde] YeuA Fx o wEHA FHERE TR
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Egate d7R ZYo] ojFdE AlVle ¥ AT ARG xold JteAol
At

25 899 RE ¥ ARE o83 THHLE £ F AQAMY
£EX E5A4E JehldthFig II 3-5). 3 XA HAFT g% HHEHRE
ZxoA A vehdn glen o sigdH FA A, BolM ZiiFHoE =7
vehda glch =g dva A gAY EXe Be FHE RAF #AF
A7)E AR 2 o]F L o]FAA ¥E ALE YEhtL 3T

A TIEEAROl T A Al AAFok she &% Ao BA0
o] FojRA) R ¢ko} o] A}E AhHI X SA4E YeiI U ol BE=
Al BExoe FYsie i ¥ d4E2 APFHA 4L AlEe 7HedA
gt 23y o]y §F AEE FYUY AMINA 2L $F AAE AMEsta
Je g2 A7 23 Aot Ayd 2y Hol-FA FE o &0 A
Uxg 48+ A 9ok
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Acoustic survey of Antarctic krill in the north of South
Shetland Islands and west of Antarctic Peninsula, early

summer

Abstract: An acoustic survey to determine the distribution and biomass of
Antarctic krill was undertaken in the north of South Shetland Islands and the
west of the Antarctic Peninsula, early December 2003. High density krill were
observed only in the offshore waters in the north of South Shetland Islands.
Generally krill density in the west of Antarctic Peninsula was far lower.
Analysis and biomass calculation will be conducted, however, the biomass is

expected to be lower than average years.
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Table II 3-1. Information on each acoustic transect.

Transec . . Time Distance
Start position End position ) Region
(GMT) (mile)

61°34.7°S 61°34.7°S 01:45 Dec 1 65 South Shetland
57°42.9°'W 57°42 9°'W - 10:36 Dec 1 Is.

B 60°59.0°S 61°39.9°S 16:33 Dec 1 55 South Shetland
59° 6.6°W 58°44.0°'W - 00:16 Dec 2 Is.

c 61°55.7°S 61° 8.8°S 03:41 Dec 2 55 South Shetland
59°43.0°W 60°12.2°W - 13:02 Dec 2 Is.

D 61°27.2°S 62° 8.5°S 18:29 Dec 2 50 South Shetland
61°14.9°'W 60°46.8'W - 00:27 Dec 3 Is.
64° 0.9°S 61°58.9°5 17:42 Dec 3

E 150 Anvers L
63° 2.2°'W 64°59.1°'W - 12:59 Dec 4
63° 3.5°S5 64°57.1°S 23:51 Dec 4

F 135 Anvers L
66°56.5"'W 65°11.0°'W - 18:15 Dec 5
64°40.2°S 64° 5.9°S 00:50 Dec 6

G 55 Anvers L
67° 7.3'W 68° 2.9°W - 06:41 Dec 6
64°25.5°S 65° 0.5°S 12:15 Dec 6

H 50 Anvers L
68°36.4°W 67°44.0°W - 18:50 Dec 6

Antarctic
515
Peninsula
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A 43 7172 5 osidolA 38 LEY Zx%

=Mo| xfol; geoln 2l

8.9 2001/2002d 2AE FPE FASTFE 0|83 I8 A A 23 BAX
g= YA ZEe] we FL v Feay A dEHE A Aol dgde
dd# vz dx2 Ado] LAHJY. FHUAMY F E53 U 98 7
A dAEE 28 YT URE B, 874 809 AdF oiyf 49 U] HE
M2 ATFE 3 Jor 22 AF o Zd AdHFE F Fog kA ¥e
Aoz 43 YA AT o] Ade T AH deAME Gt Aolrt UE F
Uthe AL BoF3 Jry. BA2FE P Jdnig 2e 3¢ Iz A
o ge W AFE PFHAT. 28 ¢ B ol 2E WY ¥ EA=
g Aol Byt BHAYE P9 =¥ b "4 o =EA ddsHe dil
O arizh #Fa A Ao qger deay Ada dEjdE A Ateld g2
o 2ol G F=rt AeA gL didl o AF BAHJYG BAIE §
3 2adids JEHE 4 Ao 39, o] F X9 Z¥L & XA 71LIA
U 38 FHAA 8 2de 53 wgsin dd AeE AAET. d5A
BEFOZ UYEEHE Ho| A 1zt 27 ttzx g e3)e =¥

I
=28
o] QYW Rol AHL HEFO A et a2de ¥

1 2 o]
WE A% FFACLRE GIBFA A5 euHE Aoz £ 4APed B
d23E g IYe FIFACERH JURD oa = ERRL 7F5Ael 3

o gt Fe Iy 4 MFHdA hE 3Ee g9y sy
%€ 7580l stk ddsie AL o] FHHLE

4R, ® 24§ Y9 TFAZ 75E F e B v FRA F9 s
d Aoz Azdo
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32 3de AdFe suitt & oz WEsy ool 2AHE /e
T4 AF FAVE H1 Aok G330 tiRie ARECA 7 2% Hol
ol ojge] gl Z¥ AU WEFE olFd 3 AL 2E Ad @
1ol 8% EAloltt. 7P & AY ojAR FAUMG & I3 Y AYe
Gz AFd e WYz Hdr FFEM EF5& ML 32
FEF o wtdEdEe olgnt ‘gAuojodE’ o]ge] ARAE Lol
(Hoffman % 1998, Murphy % 1998). Fig. II 2-10] Zu]o]o] HE o|&¢] FAE
g B

FHAEAE Fr FH 9y Feadd 9, FxAo 4 F4A YL
FA U A F dFaljoA Zdel F23F ojFo] FAFHE Xolu (Everson &
Goss 1991). Zujo]o] HE o]&d] &t FA MY & Gl oz FHlA
FAGE 2 AT Y oiFE 28, 873 89 ¥ ol ¥4 U A
Bol A2 d#g 3 Jor AdFE A dFFTE Aold (Loeb T 1997,
Brierley & 1999). E3F 22 Ao 2 79 Adellx 2 AAdFY wig F
& oo 3A] e Ao olshstn YA (Hewitt S 2003).

G338 FEAERY AL d7e A 9% HHEHNE 7= Fd Y
AN FiF SFE o83 ¥ A FAE st AT A 200172002 AF
de geady ¥ dgzA 24 H9E U AR A A
A GHERE T Fue HA2FE HFdMe ZYo] ddEt 2 i 4
ZHE A3 geay A Ato] e Hd FELZ WAHUT FIFFAN
2002). Z o] AW RA2PE Pz W AF7]A FH) HHste FA
WY AFE £F Bt 2¥ U5 EAz9 HEgo] Hole Aold HEd F
g Age F9 kmel EFHth oly AHHFE A Feay A Abe] s H9
YL T FF AF AN FFARGUE 4L 2L XM J|dBS 7t
A4S AT @5 79 95 859 AR 94T TEA Ao =€ £
g F3ke g #3374 dE Favt g s A8e FF 979 LR AE
5 At

2001/2002'3 2§ ¥InF 77k F GA ZEo] Hole AolE o]

e

H
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4

87 fistel SYARE AAT BHAPL WP A% FYe 2Y PEY FF
of e 71E ol& mms 4vngich

¢

g

2. Mz ¥ g
B9 e oml Ad & BuA (ST 2002) L7hH 0 9l
o ddE A3 deay A Abl e 129 T F (129 159 - 209) =
AR, AxAY §F% v2 93 BI2ZE YL AF7IAE 29T 9 129
74-109, 129 219-29 23] FH3UA SFARE FHAAT. F2 ¥ AR
T ZAMIC FFE EK 500 8|2 A71E o] &8t FALH AT BY
e ge 1A olv] R HIAT

F A9 28 U 9o 2 v % 549 Aol EH3Y] Azt
a9 e 4 =, 2 W £ Zo|, 2¥ wst 2E w Aolo] AZE AY
W2 At 2g3: o s wimslr] s 200072001 Ao ME
2e A4S 3T (Table 1 4-1)

712 F9 FAA ] MAste FA A4PTES AT J2EHY 2
PPl wiste] BF i FAE AL FrIHoE AT WY HF
§& F5g § FAE] AdA Fd4] SARA e 479 vie) £ 2R I
A vEplic AT 332 A7 47 AEd A A FRF A
o & BF Ao} AA TA F2 v T e A44TE ARE ANIGAT

.1[)1

o
ol

‘BAAYE YA Feay A YUE 4 Ale] G Atole] =¥ W
T ARE Zolg EYt BA2YE sy ¥ 95 10 g m? @A u
W, ge3y Nz dHE A Ale] HYL > 20 g m? o2 Fd FFo|UTt
(Fig. 11 4-2).
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F o#g Aol Aole WR ¥ ollgt I EFH EAdAE HHAh
2001/2002'd 24F BA2IE fYPAAe b sfgolvt & e e vus
Ae o 2 Wt 2 o Aol 7HFe] Hx AY 9 A Ao|7} gL whd
A AEe EST (Table I 4-1). tjA] BafiA] 2 grp A4 =84 EAHE
A 2 b 2717 A2 g ¢k M W) Egioh

W Fe Iy dHE A Atoly 9L ZE g} 38 9 Aol
Aol o 71 2E w A9 ZHolrp 21 v g FxE vkt ¥ 9r}
2w Bokg olF3 AY uw ¢y MY 9E7 F ¢ @2 Aol o YutH A
olth. 2000/2001d AFelE o] A7t AuiHo|AE&E Table 11 4-10) AAH
ARE B3 ¢ & AUtk

= sgel HAE 28 W 2F B4 ol
WA =edr} (Fig 11 4-3).

AT} JI2EFY A BF 249E F Holg 7] wj&e] FAY HY A

2 Yol2 ol§ rIed I8 49 AR €. §AT Zd+ SAZA FAL

3 718 A7 £2 JEPA 2325 WA HAHFEL BT 2001/2002d #4477}
2000/2001 ARk it (Table I 4-2). AE HAAL 477} 47] T ZUH
TAE e g 3 Wy ATE Yo AA A7 5 4 QA9 Furid A
o] AA 4 4z YF ® shte W2 H2E A8E Table 11 4-30] Jeh )
o] Table I 4-20] Bl WMAQFERT o =& AZI74A 9 W2 AFE T
gk 2001720029 ©] Agrp BAY 099 wiE]e] =& 2000/2001d BT} &
RS ¢ & AR E YA dACdME AMTEY Atgo] A& dolwas ¢
=

APl dzahe o

fr

He

A
Rl
ek

£ o)A Zde) Yxs Aolg mAPm YAW Hre Yo 3o T
dAge A umsy) olgle o) Aotk Table I 41014 BE HA2PE
A 24} ZEE WA BT deay A% dAHE A Aol fdeliE &
G ZA) 9% WAL AT FolA oRol7 W HAAYE HPL FHL F
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H3t z2AMg Zdolth. Yz EF3A F Yo 2 ALdFH X Xe
A5 HE 7190 AAHQ Ay B AAse AR AGdn. Aole
4 ¥ olyg 2 "o % SR KA. BuEt w& 3de dxe
B WA AHIFENE FFE WAtk 2001720029 TP W AHFELS
2000/2001d 9] ¥4 HFERT 23t

7 3l Atele] At ] kmol] EFFolr £t 28 dx ¥ opy
2t 28 b SA4d M= FAE xolE EHIth. TY FFHE oA FLE
ddo] A=A o AEY BE/F AARHL E § Uy TFET I
ol AW3l7] ol ddelth. =AHo] Hulojo] WEXNY A&ste EF EF
del vz 3t gauvidd AHUEY Ale]9] FHHL BIAAIE PR 3
Fol sig@ct e Zde] =87z Ao shiFel I do] FHAA 7Hede
gutaict. 2303 A o]AE HolAEL P i WEo= 17]‘5 o]yt
AFTARE T3l €& M Aage AHo] AA Ldxd BHAIE HYPAA L
Y A3 JdEHE A Al Y 233 HEAL AEF L AL RAF
I 9ok (Fig. 1I 4-4). ZHoJT meso-scale (¥ km FE)INME HEZSZIE A
Aol & & Fol Aol Roertn & £ Aok B YIAA &L F
oA Uetve 289 X A& HolAEY do2 d3E F e Aol ofd
Aeg Azdd. F 99 ¥ MATLS & 7|dE 7Ms4el o 4 oint
Hdeay Hda AYAE 4 AloldlA] dHE 2EL IS5ER dy =9 Aol
Zt7] 2o oju]l 1 o] MFE1 QY QAT 7hsdel B & AR AL
gt dIHE AT Fe3ay 4 Aleld Z¥e ALTS Y LelAM HET o
Fo8 HoeW o] FHY W EFUL ZEY 7t o Add ¥A
He e 279 Vg niadEel AF £ e J1As AFIH. AW 2

Hol FA4E vadE T EE AR dAY I-AA 53] /Al AeS
_1

2 M

)
o

frtt
o5
N,
rir
=
=
-
of
fo
rok
12
ot
o
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Kl
ks
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o
rlo
fu
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fifr
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F Ae LAHE AT} (Smetacek F 1990). AAZ FHLASA o]
A olFd] gFe Fdo] WAHE ARE T EAF/IE Y (Siegel
1995, Loeb % 1997). Fig. II 45 o] B{E ALEL s LA 24314 =g
o] olvu} g0z HAEWA 3ol FHI}T Y ATl FUE Ao o
ZAA #E58 28 X9 8d 7Msdel gtk ol GAMUAYE & ES53

off ot
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ZEFo o8] AF FIFAHEREH RIFHOE ol&u Aol
oJHE o]&0] EE ZA{E ABT £ de AL AT FHER=ETE A
Z Aol A AAE AP (Siegel 1988) T o] AT L w1 AUZOZ o] 53
A "ellM ALE dr1n BoE HEWA o FEHIL Ado| YUY
o2 yeod dds gA s A% dfqae dHx2 389 95F 98S
st Ytgoz AYE FFE & Ude Folth
AYo)A EF5Fe] B 2dL d AL o] dF shEsiA ¥AEH

o]

A 348 ATl &

£ Foln B AEEFAEY WAl & Yojute Xolgtm IFE F Utk o
g gL F5 FHd 3 XY olfre o ddie 12 F9 svrt €
g To|t} (Fig Il 4-6). =289 =Y XL JIUF W o5 Fa3A

T AL g 9 olF EF FasP 53] F2=2 HoleEW Yol &7
Z o 38 AT HEHe FAHo] ARG 8T ¥ & F Ao @A
HAYF & 33 28 Ad dFe U 7€ ol28$ AHEY Fart A7HY
ol %9 AT FAF Hojok & Aotk
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Differing levels of krill density over mesoscale area in the
Southwest Atlantic sector of Southern Ocean during early

summer; possible causes and consequences

Abstract: An acoustic survey detected a krill scarcity in the Bransfield Strait
during early summer 2001/2002, however, the area west of South Orkney Islands
exhibited a density similar to other years. Krill scarcity in the Bransfield Strait
apparently affected the reproductive performance of penguins in the area.
Breeding success of gentoo penguins were clearly lower than last season. It
has been reported that the abundance of krill in different parts of the Southwest
Atlantic sector of the Southern Ocean are linked, influenced by the same gross
physical and biological factors, and the krill biomass within a season does not
vary greatly. There may be, however, within-season, and regional variability of
krill densities. The krill then in these two areas may have been supplied from
different sources or may be responding to local conditions. Chlorophyll biomass
does not explain the different levels of krill biomass density but the temporal,
spatial change of chlorophyll gives a clue. Krill have been suspected of being
transported in water currents, and may have arrived in the Bransfield Strait
from upstream, later than in usual years. On the other hand, krill found west
of the South Orkney Islands may have originated from the Weddell Sea, which

might be another predictable wintering ground for krill and hence a source of

krill supply.
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Table II 4-1. Density and size of krill aggregations, and the distance apart
between aggregations. EI; the area between Elephant Island and South
Orkney Islands, BS; Bransfield Strait

, Number Horizontal | Distance apart
Distance
of krill length of between
Year | Area | surveyed | Sv (dB) . .
aggregati aggregations | aggregations
(km)
ons (m) (km)
EI 1120 1332 -6315.6 2451445 0.92+2.27
2000/2001| BS1 1332 971 -57+5.6 156+236 1.23+3.14
BS2 559 594 -60+5.5 203+319 0.62+1.26
EI 1761 2661 -6145.2 150+210 0.63+1.67
2001/2002; BS1 165 27 -52+6 62418 6.33+7.23
BS2 105 23 -50+5.6 57+28 4.76+6.54

Table I 4-2. Number of penguin chicks raised to creche stage per nest at

Barton Peninsula.

No gentoo chicks raised to |No chinstrap chicks raised
creche to creche
2000/2001 1.49 1.44
2001/2002 124 1.32

Table II 4-3. Number of gentoo penguin chicks raised to late creche stage per
breeding pair at Barton Peninsula and Duthoit Point.

chicks per nest

2000/2001 Barton Peninsula 1.45
2001/2002 Barton Peninsula 0.99
2001/2002 Duthoit Point 0.72
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AS5A LY 5 e 3 2 o7 R dF 9% da

8 g3 39S SEETIES 1Y, o)F, FH, 2F T 9 TAAES ¢
d3le $8F dZ mEoly AL X9 FHEAE Fx A2 9L Fdo] A
Uzke 8 Rz 9 oFont EF Ao FF Je F23ay 43
de 5% WFoz Hold dEA oM s 2d AAFE AHse 248 F
8312 9tk olge 54 WEd o AL o AL Y BE & o]F U@
A7} o}y a5 AHTH S g A7 Wid &7, vlE TY A8 &
TR Q& WYPH Uk F4Y FHAME T2 FES AASE JdeH F
83 A7 Y o XA =2 Ah H4% 2 2H AL wHEI] A% d
Z3 FEAEARY ME FAlol g3 thdt ZE9 FFERAE FEHUATG. ZH
of Mg +F 71 FH&L vt AA AF SFHH 543 A dF <
Foll g ALo] 19809 = AZEHeH Ade A7 A W A7 A
BT 71E solHE AFs Fi Atk 2005/20060d FH SFAEE EHE
g2 3go] A bt Hele] ZY aggregationg ATIYTH EF AYL
Al - FHE FY oA ket Felo aggregations /st 249 T BEY
Aoz F9% dFYel 2 2 AFE 53 ZEHAYGMiller and Hampton 1989;
Brierley and Watkins 2000). ¢]E9¢ &) F 7FF dwrEd o] “swarm”o|th

l

“swarm”-& ZAde] £ YntHoeg stz A2e A7]7F 100molels BF
Im’ ote] £33 viele ZYo] YAHoIUE Felolth o] HEE FZ ice-edged]
NEFE Bo] YehdY HolALE “swarm”9) FEjr} WH3lEH 1R @3 A

T7} 4 2 o] Fo) Rk (Murray et al, 1995; Bierley et al., 2002). $-&]7} &
& dHolEHdME 259 eyt 2|9 Yxd oA owd s shAT w3
stk WetA Z 8 aggreagation F719 Yol wha} “swarm”o) ST RS
Type AR EFsgon 2 ¥e Wsste S Type B, C Al 7HAZE E/3A
o Zzte] Fejo) g Hol, £, AA 4, BE FH 4F FET W
% doly Mel Zzadg olgste] 33U Type AR WHAEAE FE B
Qo] nEA EXI wde] HA HAL o FEHE o]F= Type Ce AHE
N BEZ Qo AFete EXIL UANeH ZAL 9] S chlorophyll

o
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qeistel B 74 W4 E FPstel Agstden oo ojg Wy 2 AAS )
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L A&

FANFE Y71 THFA0) EA )9 481 Asido] sigsts FHEA=T
= A2 d9e I53e A g2 ol FEE AR YA FAE
EZIER 1Y, oF, WA, £2F T Y HAES dZde Fag 179
A& 3t Jd= 9§ I (Antarctic krill, Euphausia superba Dana)e] ¥ Y%7}
& xog 93A 3tHMurphy et al, 1988). ©] AHL Y X B o]54 o
& ATt wid @5, vE F9 o8 gl i AP=Hm dm, AP oK =Y
o]go] F2 o]FoA 1 Qe FLE FF3 I tiFd TG AF AYo|HA
FAY FHAME T2 FES AR Utk V] 9, 1998/1999 A7)
of AFeg ¥ 2 7IME B9 olF A&KAHoR FF volHE P51
o 2y H=, HE, dEFFH Zo] FUizte A W FAF AHs JAF}AY,
Bt A7 HAAst A FH EFFHT A R A M| o]FA Foth T} o]
o} o] AgdA 2AYdE BE7sn F=3 A MeANA Zo] Aste H]
TS 1Y 1 X&FA 24 98d AFolot

F=ele] Y aggregationd Fdshe 7%l #F A7 2™l @Al
3t HEZA Hol dFS WAAEFH B UV Wi AHAHA }AF
ZASE A 289 F8 dF ke Futolth

A G A A aggregationS FAFshe AT F& L W[ ofFelA
Ueldoh ol2ig g4 Hol A4 A4 FFAAMY o5, EAAZREHY I
T B 8QE°] ¥9LeE FHHY U5 AEL iceedgedt M7t sE FHa B
T &2 aggregations FAIOU= dFEHr R P vy tf(Brierley et al,
2002). °1E¢ el F 7bF dutAQ AHo] “swarm”o|t}. “swarm”2 A Ao] E
ety dukFo R sk 29 7|7t 100meluloli HE 1m® gte] 44 vlaje)
ado] 235 e ot} 28 Y “swarm”’¢] FEje 2 (@+E Wzt
™ ice-edge olejAle] FEH = FAS] U E EES HATh ZEL vz B3
g e Iz FEHI 100molFe] e 3o oA EXIVIE 3H, HZLF
2 UEE £A3M FAE SmU R YL AFeA o FHE JEVE Fo.
E7t BotA 1 swarm®] FEjr} IR AY AAE FEHE ice-edgecl ] o
A4E O w&ol B9stA veldti(Murray et al, 1995). 249 o3 e

=
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3237} 0] HEA o] Ha 1 ol o] ¥ “swarm”o] L2 whx e
A @739 Wste] i wrsog Fo] g 4 glt}. krill aggregationd] Aol 4
FE& e aQloZE Hol HA4F A2 &5 22 AHFH 8dsH Ao o
Wel A5 o Felstd 2905S A7 4 oh(Hofmann ef al,2004). L
o #FFI Ao JolA tE P vl vnd @ B33 JIAAE /AR
A FEFMFNAN S JIHE T FF ZE 9 aggregationF Fo #F AFE
OE s Ha & FEHA EF7F 41 HEsts g ds) @gol §ol3t
o F3ol . 93] FEEHe g5 QA @k g4 dojve
A ale] wsel dHH AGofr9 A EEHFIE WA ¥H&3le 22 AH
A 53¢ g dFE volrbA tE 99 287 vjx$ Euphausiidil® &
& Atk kA aggregations FAd3ted FFE F= FHE 84E FEHIAL
HAJES olslzle AL 25 AHE olsfsten W FL3o
T AR BHE 93 A8 U5 Foso A3 48 B AolE
o] -3 W (Watkins & Bierley, 2000;WG-EMM-00/21,2000) ¥ A2 71&3stAch
o] W& 2000 o]Fel AAE Yo FFI ZAH SFHE 49 EEH
g ez AAHUT

A

r°('

2. SFAE A T
0F Fo4 A A3 FEE 08T 2d Bdy
7t. 9% Fu59 Ba A3 Ad Fx Ao

gtz oz AR Ae dolFd did AR +F 54 2 @
AE veos HEsE AYe AP &t WHE AHES
gk & 53 oAFH AT
“scrutinize” @Al | A A)Z+AQl B4 (visual analyze) WS 1990d F4i7tz] HAFH
o2 A3 skthHSocha et al, 1996). o] WH2 o}F7tA = H|Hje] ] ef(walleye
pollock), E39] Hoj(herring), FFa Ad T Zo| AMHoE @Y 9F 0
LHsA FAHE Aol 2ol ALHT o s¥E AR gAY Ffde
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AA3 F&F FELE ol&HI ok TYU SF AR A FHEEE AT
Ao A LAFE i oFd diFd % EALS AGFozAT d& F Uk
T AN SF AE A B 7120 wet FL SF AR A ALdF
dZe EA7F 2 & Ak WA ol AAAQd &4 HL B4R F3
et ALF AFdd AV Hu lew, 53] FHE SGAMAE o] ofFo
SAlol EAsta EH S A5 go] A F& B o HHE -9 {7
T3 B LA 2AAE F Utk

olZ| g EAYE sJAS}7] st 7S Ho] AHESIE v Fug W
Wil oF FHFE o83 HT AF A4Y¥ T (Mean Volume Back-scattering
Strength; MVBS) zto|yo] o]-&=H 1 i}t o] Wge oln] ke8] 27 1H A ZA
A dgHNeng HEolsA ded EF3 2EH 2L AR SFIEY
5 AFmtel HlE nFIeA FUiHoz & AFHNT = E4E et
T2 SFARERY ZELE sl HHS A9 2L SA4E ol&3f 2000
d 629 7/HFE ‘CCAMLR Synoptic ZAIAE B4& 38 workshop | 4] AR&5
3 BESHAT (WG-EMM 00/21, 2000). o7l A AMGE Fop=2k A3 a7
% (o]3 AMVBSu x) #tol= 2~16 dBSlth. =21} Stanton et al. (199404 A
MVBSuo 38 #%2 289 AFo] #A&45 16dBo] 7H7h AW AMVBSio 3 #to)
12dBRt} 22 (% 27mm ©]3}) F2 A7)9] th& Euphausiidsd 7154°] ¥
otz AL ulgt}. ol AFoME & EuphausiidsE AH3e LFE o
3}3t7] 98 AMVBS1n 35 3t& 2~12dBE sl A3t

=

. 7322 E o] 83 Ad £

EK5002.2 @& dolgdAx adg #28] W 22 SonarData Pty Ltd
o] Echoview2 T2 -& AFE3IHTE o] HHL F 16849 AAE AXY 2zt 7
Aol A 714 o= 1#M(virtual echogram)g A3l ALEd}. X EAL Aw
4 o]F APt SF HlolE Y & A AV|E 72 1 ping(lx), A 05m
ol t}.

t}e& EchoView software & o]£3le 2¥EE EId e AL L9
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AR 2% 1A AE WHTY ZEFoz FUSFATU ALF Yring =
4 ojF AEe EHog wygg AHzjolrt

e

@A 1: 38kH, 120kHz S-UoA A9 Zzte) qzagels sj4d, sjxde £
A7 F A7) &S AYE ‘bad region'e g EIAch EI ATHY
SE7} 2knot ©]8} & BF &2 AHe SF volEHI FE 2 F UL
Sprong et al., 1992). M} AFAe] & %7} 2knoto] 8¢l F7He] HolEH %
‘bad region'o.2 Fe|A|ZIth. HAE surface exclusion lined} integration
stop line Alole] F3o] HE Fho] Ptk ol Z+ Fu4y R
logging ¥ processing @A A AM 8 WHEE o] &3I}(Fig. 1I-5-1
a, b).

QA 2 713 dzads eVl A% A HA SARE g 14X B surface
exclusion line¥} integration stop line® ¥ HE F7tvke vehlie 71
2 Az s weEUFig 1-5-2). o dAs #F ABdA EF FF ¥
A NS AAA 7 FdA7E EAQ3te AGTHE ol &ste 7 =
a¥E AAEET] A% e vEE Aol

@A 3 BA 19 A gk dA 204 e I 7S AR AF AR
Al bad regiong AAsE FAFo|tt. o] FHNA wEAR I} dFzaY
L dA 19 AF 2] A surface exclusion lined} integration stop line-g
IELR AAHER AR 70U Aoy FHe A 19 FH Td
A FABH(Fig. 11-5-3-ab). =22 YW B8 e FFHY &
WHo] Hug FUdF damade] A wed b @A 1, 28 7%
s oF et

A 4 A 39X BEolZ MY dZaYL FE(noise)o] EFHO e A 0]
). A A oA passive HE|2 FAIE FH AL ARZHE S} 4
AIYE A s (noise generator) TA 40X FH Fgo] g &74E
A LA Ak gt gurE o 2 120kHzo] Hls) 38kHzolA £ 99 F&
< UeZ 1oy threshold gte & HAF  75dBe] s @& £F4
130dB olste] EXE Holmz & oM ALEE dIAIPAE FEY &
FE= YEldA] g1 QohFig. 1I-5-4-a, b). ©] w noiseE YA3t7] A

f
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=

T absorption coefficient, pulse length, nominal beam angles¢] A]A%] B
F7} o] &€t

A 5 @A 304 grEC] A G ddFmaYAA B 4olA THE MY JEE A
A Fol AZE dzaPg YAsts DAt of TAE AXEA Z
Fog W 7P dR2aYE FA 2 F THE AAS &5 AEAA o
A5 7k A @ohFig. I1-5-5 a, b).

SA 6, @A 5914 AMAE 38, 120kHz 714 dlZa2de FLo] AAY HHE F
718 Ag AFH A FEE BEASY 2828 ZF Ao 120 kHzdj A g
AHIEZE 3 (AMVBSio 3g)3 38kHzA F A& ZE zolg Yehd +
Atk ol T FuFo F FuFY AFH A ZE Rols AE BR
120kHzoA M 4 =4 ez ool gt& 712t} (Fig. 11-5-6).

GA 7, @A 604 REEOIA F Fug Y] B AF AT A= Ao]2EEH A
2 W4 7h5d 2~12dBAtel o] e vEhile ARk o838t MEE Ut
A AzaY L BE(Fig. 11-5-7).

9A 8 ©A 7oA wEoR qEaWe ZYE BA /15 AF AT ZE Ao

B Yehiie g2 7AE AT med o @ B daadd oA
541 whEolxl oZIaFelA  75dBolde EEE e Awrs H¥s)
o HFHeZ madvoE FHH e M JAdIZaFS A B9
(Fig 11-1-8).

OIF

l

o} 39 aggregation?] 43} 79

Echoview?] school detection 7]%& ©o]&3le =ZBo] A=
aggregation® sty FepE=E Aol ch(Fig. 11-5-9). TS Echoview2r}
schools detection Ao )3 o]t}

@Al 1; Minimum connected length & Minimum connected height
stue] d&HE volE 4359 ozl 7k2 05 m, A2 01 mRt Fod
8hte] schoolZ Q1G31A] ¢omw o] Holrno ZWH o] schoolz ZHF
@},

- 199 -



@A 2; Maximum vertical & horizontal linking distance
A 1M Z4zhe] 282 7EE A TN FH3AY HA 5m, FHA
Hoj20me] H 9 o] E0j2™W 49| school2 FZ P £t

@A 3; Minimum school length & Minimum school height
99 HHe AAN ZY 229 Furt @ doly F Ay 72 Bolr
10mzch F3 A20l7} 3muy Fow 229 FRAA AWt & 2
¥ school2 Z+FH2W o] A7|Ethe #Hof o

9A 4; olZA Lo Zzte] AF 9 NASC, CHeight, CDepth ,Dist_S, Dist_E,
Dist M, Date.M, Time_ M, LatM, Lon_M, Corrected _length,
Corrected_height, corrected_perimeter, Corrected_area, Corrected_MVBS,
3D_school_area, 3D_school_volumed] i3l HHE F&3}o JdAd d 3§
B2 Ao

A 5 A9 AFES Fandtd WeE FEF dIZaPAM Type A, B, CE A
ZtH o2 BF3 (Fig. II-5-10- a, b, ¢).
Type A; W=7} Eo0 krill aggregation®] &Fo] FHaiw Hole
e Adstn WEE 1kmE 9A geth dAz Fn FSF52F
g9 ok,
Type B; A&y Fo] EBEWn E4HeAd Ue FHely st

60 oj3te] & UWEE Uehle FEo] &

NE

-3
&}

rjg

aggregation Qtell T
A3 = S
Type C; 1 km ©]/9] 1 layer FEjo|t}.
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3. 8% XA 4 A5 A
7t 2% A} Y

2005/2006 F=3lA 717te] 3 AYPRAe ofg= HAAM Y (sub-Antarctic
Polar Front; SAF)dA F3&8aF ZAY oldd EAALsE Edst= FE4
g dlgde AT @R RARY AR 20059 119 249 xR Ao AE7
AgE 243t FHENRE TR BEF S F4HoE dUE 4o FEHH 97
A 20053 129 497tA] FFHUG (Fig 1I-5-11). 2006/2007 3tAZA = 8¢
FERALE FYstd dFZ2aRY FRE SN F4H 2005/2006 stA
ZA g8} A 2 FAMo)Ak Line A, B, Ct ZALE F+ dAed odncg ¢
=& 129 139-209 #©Fo| olFojFrh o] AL EE HA AP 7YT
g FeHe =298 FHo2 A8 oA FF9 dF ¥ FIH7 EASH, o=
H AE, 333 e Ad W g d HFol A Uey &5 A A
a3 98E 3= X F9 stk 53] dHHE H9 FF {9 L=
FHEE dre 35 77 Hue Aqeg B Y F4E A e
Ageltt. g o] 9L FF tF FHRgAN 145 =Y w7l EAde A
o2 g3A gt FHERE TE FHL o] FHAeA 1999/2000d ol F =d
- AL 2 a8 ZAE AAE fAME A9ez 953 RAIEREYH 3
g A5E 48 F de ol Utk FFXALE A AHETE AL dF F
A&A AA $F AME FFsa Je Aol HF9 50008 5 A7 €8 A
2421 “Yuhzmorgeologiya” & % t}.

I ooy e

4. 28R 7%

FEA7]E =29 o] Simrad Ltd.o] EK500& Al&3ln &8 =L 9
3k AlA = split beame] 38kHz, 120kHz$} single beam2] 200kHz | 7}A& o]

Atk AL 20717 44 ZHzHe] Fabpd] i $F ¥ ¥4EL CCAMLR
ol A A WYL R 2P REFAS 18dtn F34E MVBS 2ol g
AHR-3}7] 9)8te] 38kHze} 120kHze FYd BA 420 250mZE, 200kHz= 150m

o
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2 AAsAh B AAME odd sl E gF Fags E4HE 0837
9)8}le] 38kHz$} 120kHze] F 3} 2223 ¥ PCo) &8 5+E SonarData Ltd.<]
Echoview software version 2.10.53-& A}£3}gth EK5000. 2 2E $AHE
T 7|9 YaidoelHnt BB Z21PL ANEIR ¢n ME T
Echoview32] <3 dloly 7]& ZZ3<l Echologh00S =E X AX|gH

%

je
mg g ol
£

o
3
o)

™
2

27)38t9 1 3 Echoview39] LiveViewing & 93] 22 HE A58 =E
A AATe 2 0 F F AT o]+ EKS000A Hols SF45 Y aYPFPE =
ERNAN aYE AFASE TE2IYCE HolEY 27o] AR o]FoX A
gk glo] HA olFAAE FAo] Utk HEF 7T A zE|o] ] HA]H
A= BI500o] A4t & PCol (5 E AFdt AAste WHEG AN 243} H
Ron 71EHE g7t AAez FQlo] 7Hs3nE dolE e HFge] RN
o]% A8 X (backup) ¥ Hele 25 Uk PCAA 3ttt (Fig. 11-5-12).
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120kHz
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Fig. 1I-5-12. Block diagram for data logging and processing.
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4. 43 3 E9
7}. 22 aggregation?] type ¥ EA

2005/2006 ZAlolAx =8 aggregationo & EFE F dlolH /4T 6607
oju], Type A= 5617}, Type Be 767], Type C= 137jo|t} (Table II-1-1). Typed
F&3 W4 length, height, depth, Thickness$} lengthol]l o]l height9] uj-&-¢]
3 ¥28H, 191 £9454F 7ol 7 542 BA5YT Type Ad) length
P dole 75,78meoln F)+E 46.27molth. EEHA/L 10228mE HEo] o
AT AAHo 2 200m WLl gh& 7S ¢ & Aok Type B= HT
Zol7} 830.19m, Y57t 662.31mE TypeRth 108] 7l7to] E/PSE ¢ F
o). Type C= B 10869.76m, 94 7513.56m Ao|A CE ZAFE 73354 F
718 Holx ]t} Thicknessl| M= A CE ZFE 3 F7HAE Roja 3l
t}. a8} aggregatione] A3l e F4H(depth)ol A& Type A7} 68.02m,
Type B7} 76.41m, Type C7} 6248m& 100mojj o] F4olA & o] glo] vehd
ATk o] AL =™ 9| aggregation?] thF-&o] 100m o] FAAA LAHTG
E 7189 d79x dx3te Aato|tt(Miller et al, 1993). WHAC] aggregation]

o oF

B>

=

S At P (Mean Volume Back-scattering Strength, MVBS)d A& Type A9
e 953 2o Type B9 Type CAllAMY g2 A Ao|7t A e ReE
Uelstth. Type A A& HQA “swarm”e] Fe & vetflvh. BHsin FeEid
sk ARd Type BE 7P @2 3% A& A=E Uedze g dFJey &
A o] A Type Co9] ztel7h A9 gidth. ol¢h 22 A= Type B2 &
H dhe] aggregationo] A|ZHA Q] FHA FAHoRZE B UdEE 7= A
HYou Type A9l Zo] & dUEE Holg REo] EAs 2R A
A FEE =4FAEES ¢ 7 UG Type C= Type Al HlzlM= B
AR AEE yeEn 2AL Im’d 28 dxr} ¥ u|stA g Type C
9] lengthE 1838t 1 A7|7} Type Ao 3] AFHoE Frighs 13 W
Type C7} 7}A|= biomass& FA8 4 glth length o) height®] H]&% Type A
A C2 2458 AFHo g F71EE ¢ & AU (Fig 1-5-13 a, b, ¢, d).
2006/2007 ZAl AFANAME  aggregation types FHYE F Udoy

Lo

OEE
AL

o

H

4
O
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2005/2006 d}AZAL o) UEbd AH U HHoz RIAHAE ghon £49
gt} (Fig. 11-5-14 a, b, c). 2006/2007 &}AZA} W& 1 A so] ulg] Antzo
Z 39 ALdFo] AP Type A, B, C 25 B33lA 137 oalgon =3
FAol A& GGl Uehts 2 layers] Type C7} B354 &sith 2%
B73tn 23 A wgl 28 aggregationg FEZ = AtheE Aol FQIHY
t}.

U, Type & X

2005/2006 8}Al ZAMANA Type A XA A 330 ZA Jerde o
& A g vl dAE Ho FF QA BE7}F Yol FFS BHATE Type
Bs} Co ¢ Type Aste Wtdlg JIHWUE Ho TF sq0 F2 X3 53
Type CE 44 3000mol4e dWE 4 BEZE ol F2 Jguzn U
(Fig 1I-5-15 a).
A4 9] aggregatione HHAEHE Fx HF NP ice-edged 717E4E
BE7F 3 287l A& FHE W AN Y2 vdass I JeErt 99
FE 4 & ARH. 53] Type C7F FE YEY
o) AEEFAEL T T4 AT 27 20 mE AR
+ 20 m ol/Fe] & AEEC] WA YU ZHY Holr} He HE
EFIEY EX8 Fxo Wa Zdo] wkg3te FEZ Btk oA 2] 3§
F 49 Wstd wEsle st Fog AV E F den FF AFdAME
2Ab S99 S FBAEAL ARIL FIHE ojok B
Y 7RG Type A9 Z7le ZAAT YE7t & 2 wr} vehy
I Yoz s1dA, 53] Huy AE Ar7t & HEEFIAEC] HAE 1, =
g w7}l Type Co 2 RS2 nhale AL Line ColA 7b3 FEAA #2d
ok o]AL AYo] AFVIZ Ft s uise] "W WYY, Type AdlA AF(GE
)R FI0Ek) BEE, Type CE2 APste Aoz AAAY Ax e A

o

TY 28 €FF 7lee AT AELE JYHWA A TS WEske &
FE Ue Aoz AZEn. o m HaAd et uEI g2 oY g% nd

flol A 3 T2 £330 FAHW HEEFTIESY WP oA =

L
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ol A feElt Hol Bl 24HL Y ¥ o7 FAo] 7MsdAEe AR
woEth Line Cof 5% g 499 ¢BE 37t 2Y aggregatione] )
B¥9 dA3le AL ALzAe 37 CTD B38 23 4 FLAEE %3
Uelgm gt} (Fig U-1-15-a). Line Co @% &y 71AREo] 7174 EolMe
ZF2 Type A2l 2E8 o]F°] Yelya Line Co EZoA Type C& =¥ Wl B
oled EEZL EZo] F2o] AUFog L EFFo FAH o HuFH 2
HEG FH7F AFH AAES AAHEH-
d&o s FHRAX BX AU Fez AFF AYY aggregationo]

H nige] AR MG, Type AoiA AFCEFE)AY KA (k) B2, Type C2
APHE FHlE 2006/2007 A ZAMe 2¥A FZ5EA JehdA skt
(Fig 11-1-15-b). 2HE E7sm ¥ Type Ag Type C7} 2tz sy <
2% 4Y AGAAX FHEHE A9t Fot ol F Fule AAF SAde LB
Azt =t} 2005/2006, 2006/2007 ZA oA ZAY 2 E aggregation®] &4 H|mlol A
BE A9 aggregation type2 1 Atolo] FHS FAFPo] EAY AR AxH
t}. 29 aggregation type £77} BHFAHOE o]FojA W TrIFF A A7)
iy g o Be A8E £48 eyt ddn AdHrh

AEZH 3 oJFU FHENE 75 5F oA o] FHE wix
3 u ZA2uE Holz A i Y ojFo] UEi o|He] 4F he
Adegle] 4% 2R dojue RE& ZY Ad#Ed AAEtE vt A
Ad 8o g =g ol AWA Ay} s AW 2 Adr} o]
A W el FAFTGE A FAF 7o T8 I BEXFE
L Aolg TFeA B o 2 A AN 28 AdFE dEste Aol
PAsA grie AL HAFoh

ol

10

N 4 oo e
4 o
=2
X
2&.

O

)

HEEA] FFo] ojltigte 28 FR/IF £33 948E dte YA
0 dgelrx 28 T/ FASE 543 8B 8 FA A7e AE
AejA Y] FF WAUSH 83t i e olgste ®H & =wol € AL
2 AZd.
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Table II-5-1. Characteristics of Antarctic krill aggregations from 2005/2006

survey.

Shape A Shape B Shape C
Visualag(igl?ggiaftifgl’gion of discrete irregular layered
Total No. of cells 571 76
75.78 830.19 10689.76
Length ~ Average £102.28 +628.65 +10035.04
(m) Median 46.27 662.31 7513.56
. 2077 64.64 114.10
Thickness ~ Average +16.11 £29.58 13946
(m) Median 16.60 58.76 110.83
68.02 7641 62.48
Depth (m) - e8¢ +3431 +19.90 +13.32
Median 64.17 7738 58.93
53.71 67.86 66.75
MVBS  Average +4.49 +6.71 1586
(dB) Median 53.04 67.91 68.02
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Characterizing krill aggregations and linking them to some
environmental factors in Southern Ocean; relevant to other

krill-bearing marin ecosystem studies?

Euphausiids, often a key trophic link in marine food webs around the globe,
form near-monospecific aggregations in epipelagic zones. Hence, formation and
dispersion of these aggregations are subject to a range. of environmental
conditions. Hydroacoustic techniques have been used extensively to determine
krill biomass and also offer a tool to investigate various aspects of their ecology.
In this study, we examined morphological characteristics of Antarctic krill
aggregations using a scientific echosounder (38 and 120kHz) in the Southern
Ocean. Based on the dB difference (2dB <S5v120-38< 16dB) between mean
back-scattering strength (Sv) at 120 and 38 kHz krill aggregations were
delineated. Krill swarms were categorized into a number of groups by physical
dimension, and the frequency of occurrence was calculated. Various parameters
such as Svmean/Svmax, the depth, and the spacing between aggregations were
extracted, and examined in relation to hydrography, sea ice distribution, and
chlorophyll level and so on. Krill seem to form well-separated, dense
aggregations close to the ice edge, and these tend to turn into layers that are
more diffuse and interweaving in offshore waters. This may represent a
response to a spectrum in food condition, from concentrated, pulsed to more
dilute, well-spread supplies. In the Southern Ocean, this range corresponds to
‘sea ice to open water’. A similar spectrum in terms of food condition, or at

least part of the spectrum, may apply in other krill-bearing marine ecosystems.
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A6A ad o]y ARE AT 28 A9 57 g8 HF
ol A s

20of 38 =AY oPF(TIF, Y&, EY=, vF, 3 gohY oA ojFA
71, 1), olEF2 B o¥F ARE o8 7 7o 2oL DY A5
9] Aolrt JAeAE BAsn 2Yo YT FrdsH FEFS Fdeofste], 2o
B o] AdoidAdy YFEMHd mAE FFE Fostaz AFE £
#5228 oy ARE FIALVEALREN LS (CCAMLR)ZL 7 2 B
33 e A8 F HI 59 AEE BN & T ALy oY
X9} 500m 4 e Age LEZ (FORTRAN) Z2I3E o] &8t A
e, 544 A8E GEBCOWAA F&3td AMgsith. adolde F=
HFHEA $(481 A3d), Goald482 A1) a2Elu FERXold (483 &
) AGelA AP gen, gdutzgog gdoguage FHFHE FE 3§
Aol M Ao 2YPS AFAY AL GZA M FHANN 2dste BFE B
o HZ 2 4z o33 A gE2A velgth adolgddy 2L BE
500 m TFAM FHAAN o]FofRE Aoz EHHIIT
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G5 3 Y (Euphausia superba) A4 Hdj ALFEFToR deA eH,
Aol 3048 dA APHol Aot AU E IF ZE ool ds #HE
Zt3 FAEy] AFs A o7)de 19 28 odFol HUT FF9 FA

< BT UE FFHY YEAY BEQAI(CCAMLR)E ALAYE 3o
33 A9E 2 HHYoYFE Agstn Ytk EF vgAder 5389
88<& HAdssiy F5aEALY #HE AT HALR FFY HEYHAY 5
ZAsgel AeA dFeA FHe 435AE&S aste A 7 448
(Ecosystem-based fisheries management)& Ao =2 AFPszx 3t vt &=
agzatdoel 1Z2HA ¥ AHA W e FALANA vXe 9L Higs)e
F5adel dF HPF el AdAEt flole LAY o8-S A}
i e FAF A £4971d et vy G5adAdel g o] &3
#eElel g FAAR dSFS vEE F e 71297 East.

o] 47& CCAMLR7} Ad 2097t 4, BAE 8 A% oY= (T3, L&,
235, ), +3gol) 9 og Arg BASAL ol A £4E T3 BF
10159 W 9] A= 71z F AR S ute] dS s FHAgzA AF A Zo
€ o0& Ads d7dol dstA Zete sl fid HRE dS 5 AT 58 2¥
AARTHE=, L&, EAE, 1T, A AJAR(IGA7], A& HA, o
22 B oqF A8)E olfstd 7 yepdE AdodUdy AFTALEY Aol
7 AEAE BARA. 5715 2 14N T o] GA)7], o] H 91X, o] T2 % o} §
FARE ol §3t] 2 oYM PTHY ] Zol7t AEAE £ty AL F
ANEEH BEE getate], 2ol Y e Fho] AUJNEY PFFAL A X=
S sestaa gt

CLENE S P ECREREDE EEEEEE DGR T
29 old Agel B5L ARSE AAHA 297 HYHA 29L £ o vo
A AFA4E B8 FAHE ANHL B % BAAES S BEF 9T
3 YV WEET, FTN NI F93% 53 220 BEF2E WD )
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o] AP YA FA A BAV YEAES AT 2P RE B WA 7| 27
1389 AAF WF M E FFL ol e TIHA 2E2 HAch

2. Ag 2 ¥

£ A7dA & F7pEE CCAMLRY A& ZdoigAg FoA ¢z

o[} (1999, 2001-2003), = T(1999-2003), =](2000-2003), UE( 1999-2003), F=

(1999- 2001, 2003)e] AR E ©] 83ty EA3Hh AEAYYAI} ot F2 &

EJEAE G198t Z S5 Y aYYHA Alole] A E Fortran T2

& o|&3te AAIALH, & S+ A8 GEBCO 9794 F&31e] ALE-3)
Jot 2 F71E B9y g o] FHCPUE)L Ao @ Iz Falyrh

1) Zt U o]l53Z € oJgAl7] B4 Z A

2) 74 vehd ST o g3 (]FF/d EE ogF/ YAt 5 24
3) g AA S ¥ SAGIGH 2R E A, dEEEo2H1E AHE) £4
- CCAMLR 7} 3]9=5 d F538 o|gAdde 1990d~20000d ] zt5 o] &

- 3EY9AYE AA 37 F8 oF, South Shetland Island (Area 48.1),
South Orkney (Area 48.2), South Georgia (Area 483) 37] AsFgeo=z
TEE] AR B

- AAA ANF 4 dolElw o]l GEBCOI7S &-83le o]8Yx9 ¥ o
SA33eH(d, sdHe2REH AL, dEFTE (00m FFAM)e2REH AH)

3. 23

gl 2t b8 Adolge F2 FHEAE TEMUSL £59), BL
2UH@A82 23e) a3 FEAHIEBS 239 Al AP g,
dirdoz IYPHDL FAERE TE YoM g 2HdE AFst A
go] gzl FYoA zhste AR BYd(Fig 113-1). AT Hz B W
o] 2dATge) YvrH Ay tEA B8 AckFig 11-3-2). 2001d0]E Yo
el 182 230N 2LE A FT 81 2NN 2Y oIF v
483 2802 o]FL YTk 2T 2003dE 4823 G A VY
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& AFste] 481 489S AU 483 & Qo olFEAT. ol Ao PAd
o] SRR E Wste EFAY Y FFd FFe L2 Aoz Jhdr

FgolgATe YL BE 500m AN FHA o]FojXE Ao
A5 ATHFig. 11-6-3). 481siellx zZt vebd IPolgMTES] 2dAA}
500m T4 HFAE 9-10vtdol At EF 48289l BEALE 49
ol e, 4833 HolM e o SutdFEE UEgth olgd ZAE 500m T
A& de BExste 3dE oTs F dAeE 3 e KFE + o
Kawaguchi & Segawa (2001)% 48.1 A& oA Zdojde] 500m F4-4]
g JFHA dvkn EFEsHTh EF AGH T oJdA et A E A B
S o= AN AIL ALl 7HEA AABL PSS ¢+ AAT

_(

A}

2

£

2= NoX
T =3

Woleg o YR(CPUR)e 2o e ojgdzel Wslsl gl 2001
d3E 2003d7tA BASReH, 7 248 adold ArdA ogBe ol8r
2 ko] A UehiSitFig I-64). CPUEE vehd, sidd 18n 4
=9z Ao|E BPon, 53, 482 239L AP YBY TYolYUT CPUER
& 542 FA 71 B4 ekt 293 vag 483 ssdeldE 24 Yl
CPUE #& tie slelo] wistod Fag Aolg Holx % ok =g 200143
B3NS o] 200233 2003\de)) 482 A&t 483 A Yo zZF veld CPUE
gl =) eh.

aFL 7 olgFo] & Y& oY ARE BASE 481 & FelM &
Ad ez 28 dde] duste 7o Ao ol T AY v ZE of
Mol g3t ZEg ogste Rolth 481 A4S 108]*108]8] AHAF o2
UFde o 28 Hddo] A3dte o] A EL 481 A3 AAdA 5% Bt
HAG AXFAT 50% ©]/Fe ojgFe] 7IFHE HoUth olE AL HHERA
E FRAME A" dH 29 4 5% AX %9 dis) 108 2)*108) 2} Apz
ot A 1do] 3000E0]4 10,0008 =Yo] ojFdr} (Fig. 11-6-5). A% =Y
o b & AAXAA J2EY A4 FAAE AZALS 2HE 4 §9 &
o] ARSI U oY FAAGE YASA Ferh JI2EF FAY #o] 43I
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£ A% ¥ A=z} 2040 km Wl Y& AL YAHE 2 ofHF V2EY
A Aeld AAL e AVE 4794 gL Aoz pun:

o

of dFdA 7PE Fa% AFA &Y = ofdxE AT 10 HY
“10s)2] ArzZHEe] 104 Ao 2 ZFa=z AFHTh CCAMLR ALRZo] FA3
o2 AE, 2EdE AR AHEIAT 2EAZEE AAH haul-by-haulz A£3}
d ARE 458 F Jed 2E 2449 dF i AAEAR At 45
€ dis) o Bag £4¢ & F Ags A2 AgA

EF 3" 873 A8E o83t OEH 2 A7t 715 AoE g

g3 AFBARREES FFW 4£%, FFIAE W4T H5) 247 o9
AR A% WL

- 3788 ARE olEste dTAHY AYEAHR £5) d¥F R ¥9uF A=

24
- 3E ARE olgsd HETEYIEMWMAT 45) WdE 2 YWF A=
24

- HS3E oA oA £X5A ¢ P EHAE vim B4

- $AZ23Y SplusE olgste ¥ ALF WEL 42y 9D
verde A4
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Average distance between fishing position and 500m isobath in 48.1
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Average distance between fishing position and 500m isobath in 48.2
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Fig. 1I-6-3. Average distances between fishing position and 500m isobath
in Subarea 48.1, 48.2 and 48.3.
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Behaviour of krill fishing fleets and its response to marine
environmental variability; trends determined

from krill fishery logbook data

Antarctic krill (Euphausia superba) fishery has been in operation for over 3
decades and its management by an international treaty, CCAMLR (The Convention
on the Conservation of Antarctic Marine Living Resource) requires an
ecosystem-based approach. Krill fishery data submitted to CCAMLR could be a
source of valuable information, particularly from areas and the time of year that
usual scientific surveys do not cover. We analyzed the fishery data of major krill
fishing nations to examine the behaviour of krill vessels and its response to krill
abundance and marine environmental variability.

Krill fishery data for the recent 5 seasons obtained from CCAMLR were
used. Fishing positions were determined and their distance from the coastline and
the shelf break (500 m isobath) were computed. Bathymetric data were extracted
from GEBCO. We also calculated catch per unit effort (CPUE : catch per fishing
hour and catch per day) by fishing nation, area and season.

Krill fishery is conducted in three major grounds, namely South Shetland
Island, South Orkney Islands and South Georgia Island areas. Fishing efforts migrate
northward as winter approaches. There appeared to be preferred fishing locations by
krill vessels and these tended to scatter around 500 m isobath. CPUE greatly varied
between fishing nations and also between years and by areas. CPUE is not likely to
be a direct measure the krill availability. Heavy sea ice seems to directly impact the
timing and location of krill fishing ground formation. But sea ice condition could
cause more inherent changes in the ecosystem and krill population and then krill

fishery might respond to this.
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ok 53 28 ALY FHAHE #le FHA o]&E& A e JAETZE ¥
g3 7ste o] oty E dye Z¥o]l t#FeR A er =2
o] 8 ojFoz ¢y FHAENE Fx FHHYA, 2dse Y Aol
A2 2 AFoZ ofgA HFstexE E437] ¢8 #AHJT. 7]
E Alge] 2003 12€ 1Y HHERETE BF o HHF F3 KRO3X &
I EE AYE ARZE F7HEAT APE 2EAAS A8 F 8AE EHE9)
T APLE FHrete] mEFZE=Eo f3A COIY ErIXEe £431HH
of ARELY 7|Ed 44 867l AAER nd uf, COI A=t 5607 F7]
ME FAEANAM F e A2E A0l GE7ITEEGNPs)E BRou, NEE
ERolA dBHA Role tE F4L Atk ol¥e] 4% 28709 IEM¢E
7hel MZE A dE7IAEAE FrHtRen (P1€ 56709 657HE FTh),
B8 (haplotype) = 147kA18 #7189 (712 667FANAN 807kAR Z7)). ol=
A Mz g8 @33 (haplotype)2 A OAl 7HAE FEEHJS (A, B, C D, E
types). @& AV € F 14AAY 2/3 ol e ved AL A¥E A
T #83 FAol FTE AT oy £4 Ade GHEAE 7= BA
Z 39, Bransfield 3] ¥, Maxwell baye] ZEA|$-7} -2 s ALY A
olghe A 3 7HA] A7 HES AAEH. B dF9 AAE o] s He AEA
T Ao thg B 2 ol & ke F£HstE W FaF VI ARE E8E Ao
o}
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1.4 8

I3 2B -(Euphausia superba Dana)e 1 T3k A F(biomass) 2]
74 Wl AAAA B dido]l Hi vt @A Zde] At gl 19
EolA 109 & AEE FE Aok dEFG gAog RS AA 48 v
7} oF 8000089 Z¥E ol¥sta Jlow, e I FFL G437 FUE AL
E A9En. HetdZATS(EEZ) Ax2 gLy AF3 B FEHAL
A2 2 4G ool FEHUA T ofFo] I MELE ojFLE HL

21 9.

Uid AQFE 1 2WE 9F A Hol FxA W FaF 9
NE AR, 2Ye Ho] ANY 4B FTIAES Y& X 404 T Ao
B EFAES W oA 2uASA Holgd TE7} Mad wEd 9T 4
HANA I3t YA} 4 20A4E 9B FE FLE 1Y% 52 Yok o

Elayo} oj@tuy] F o Fo 3 ofFEw oidet Ao, a2, £, Zvf
71, B Fol 2EE F ol Az Uk wEA, 28 I3 YHAE A
3 Fi e FASeIHT T F Ao

g3 € FH agels 7 Fo 2E FHIF AHE Jdoh ol A
T MAAATE MR g8 AR deA U dEF] M B dEAHY
2 I3 Y (Euphausia superba Dana; WA 02 IR EY)EA EI3UE F9
of FHSsIA Exa o, AdFoR g AYdH mEt gEHoE o
3t dg zZdolgtm BEe E. crystallorophisse AL 717ke 9 W%

olgfo] AMAstz Ut opd=dl(sub-antarctic waters)oll= E. vallentini®} E.

off

triacantha’so] EAG. 2 9 E. frigida®t Thysanoessa macrura o] F=3) 9
X2 gtth(Fisher and Hureau, 1985). 33 AAAEY st vEZ=z o} 16S
1DNA #3219 g7] LS B4 vt 29 o] FELS AE U33Hoz 77}
v FE3 Aol FF3 Y IR BAUe AR =Y th(Patarnello et
al, 199). &, GSIAY(E. superba)d LI Y(E. crystallorophias)e vl FHo
2ed fABA7} e FSoln, o|EL ohdZ s (sub-antarctic waters)o] A
A3k E. vallentini9} oF 20009Hd A @=3) S Mol AHHYE A7l £2€ A

2 2 =gy t}(vicariance, allopatric speciation).
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x

g5 9 EXo] g A7= ZE9 T AdPo] FEow
19259 Discovery Investigations& A|&eZ o8 yert £33 e JdiA 5,
1998). 14d¢] Z X Discovery Investigations®] ZAz}e] ostd FIFade 34

s Fug o g6 A6 WA gon, /b ol Adste dde ddEd
=7

oA FxA ol ol2e WAMYS I3 ozt = yitiMarr, 1962).
53], @5UF FHY 2 &X 4L HZ 2AHE A9y B3 549 v
& u), $3FsF (circum-Antarctic current)?] FEA g} X e g =@y
THTynan, 1998). oj2|gt Zde] ¥ P2 =o] A& d4=H Ue 279
2 29 BEAE G nAH, Ax AT FF3 AJg&Fol 7A d¥S
F3 SItHTynan, 1998). X ¥SF E=3Y 28 X U & 7HA Fr2&
AL 299 do] ARFHe ZHY ARl AZAEHE AFo] FHENETL
ZoA FeayFgEed o2t Y7 South scotia ridge % 3| g2 UHolH
A= At o]th(Marr, 1962; Hofmann et al, 1998). o]ARL A, 2P AySH
I i@ Ao] FElHo] Qe 4, AZ & A T (stock or population)o] &
A F S AAE

g5 38 Al tiF #He] FUIEEA o8 FHAd] I B&HO
2 o]&37] g kol HRI} ZHAVTY HEF MIYMEAY HEHLE
(CCAMLR; Commission for the Conservation of Antarctic Marine Living
Resources)& F4A1o.2 o|Fox|x 2t} old wal, a8 AP B9} L9
7127F He AT 72E ool & de4E wobAln itk A" AT 7=
o tig FHEEL A F JHAZR agdt. AT, 53] AA Y Zdo] shte
A& AFolgte Mot dF ZEo] §EFFE B F5Us FAE A
olgdoEN 7+ A Y Hdo| AZ EFEHIAL FHFH At FEEHA o},
G5 28 AA7} st @A E olgde Aol EAwE, EF el ¥F
3 2t Aol SYFoR EAe B MY AT ATLE olFolA JUde sHdel
ok @537 FHYs L FEUSE Sty AFH d¥FeE 4 AYuing 557
E8 3 8730 AL o] Fo] FRIHLE M2 O AFAFEC] HE3A ot
£ Aotk o’ obF 9 F Mol tiE FASH AFol A o|FoAA
sttt ¢EAgl ohd A(allozyme polymorphism)3} o] Aslsta] YA AEHS
o} &3l FFAHY NATLT FERE EBHsHE A7 (Schneppenheim and
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MacDonald, 1984; Fevolden, 1988; Fevolden and Schneppenheim, 1989)d]x = @
F3do] fFrAFoZ YT e AATY 7He8E AN FAT 28y, o
ATHEE B ZAe SHAGHAIT HE o] "olx Y stabilizing selectiond] %
FS EE A3t FHI HES olFo ¥ # e EHE 7HAT Qo] 99
AT ZAEC] aUZE WolEAAA ¥ Atk T, FF Y 165 rDNA {3
A @71 Aol weA 18 AA ARV HEAAVIE FhoY, o] AE HA
& E437de AysA R Aoz delA 3tk 165 rDNA {39
4 ZHE B4R BN &) Kot F FE o]ste AA T Aol BT
v HEgo] "ojAoe AHolt}. HIT, EdWO] HA&o] ¥& WEIZ=got F
A ND19| €7l MEE o83t @5 2E9 ATS BAstEe AzdMe
(Zane et. al, 1998) FxXolr® A d3 A9 zdoe] M2 & ATY 75
o]l AANHE Atk a8y, o] dFe B3 NDIFAAY Zolrl At
Aol Ax(154bp) A3 FZHFo] 7Htoldd AT FERAMEE AEFR
o o " d9ojx e "dHL3eAsY 2289 ady fHFeE ¢ ke
Ao 2 Yy d723e A8 oFo| A7H7 = dot

€ @7 165 IDNA #AREG bPEHo| 3 mEZEo}Y
cytochrome oxidase subunit I (COI) §AAAE FAH AEE HAsln FHEA=
TE 5% &9, Bransfield 3|3, Maxwell bayd] I d7|7o] AEFHo2 AHH
o2 HF3eA AFE BE4sL o FdEY dFdAe AF7HA 2 A
AN FPEo] & IATE A&Ee 2003d 129 1Y FHEA=TE BEZ sfd 4
e A KRO3AA ZEA)S AlgE A3t oY vEZ=g #3Ax COI
o] G714 EE B4

X

BN

2. Az o WY

7l. 38 A=

FEE dFoA BAE AgE 20039 129 19 FHER=FE BHFHo
KRO3G H(S60°42, W58°13)olA FEEZ2E HERIHME)Z AJIHATG
(Table II-7-1, Fig. 1). AHE A8 F 28/|AE 100% ¢FLo nAstw AH4
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2 sl A Z AJ89 COl §AxF ¢k 6507 DNA @74 de 2
Ao 7186 BAE AAESG viusdo

Lt. 329 DNA =

23 NE 74 AT S¥4oz BAHY. 2de] AA DNAE 432
#¥ NucleoSpin Tissue kitMACHEREY-NAGEL, Germany)& o]-£3ls] F&3}%
o WA, 29 A2& HrIx & Bmge 2 §HE FE8& =2 FeEhdd
ZA A ¥ 15ml FRE @ nolazigrld &t or]d) 50-75449]
phosphate buffer saline(PBS)E ¥ §3 dgojzg]l& B} A, lysis buffer?l
T1 buffer 18009} proteinase K solution 25445 23 7P A vortexingdt ¥, FH
€ 56°CollA 2417 F¢ wAIY. whg % EH7Z 1-23)¢ X 53¢ o
A ZolEth. ®heol EUd £4o] Holx oAl & AefollA RNase A solution
08 93 58 AE Ao A ¢tAAZI) o]F B3 buffer 200u4E Y3 7079
2} 1087k incubation A7l ¥ vortexing #|&t}. o] & 210u dek&-S FH7}
gt ¥ NucleoSpin Tissue columnd] %3 10,000rpme.2 187F d4&z A7t
AHL 93l 500402] BWE columne] ¥I 10,000rpmo.2 187 A48 st 1, o}
Al wash buffer B5 6004E columnd] ¥ 10,000rpme.2 187 A EZ g}
ol Hu&T 2 38 AHEYEY I WHE AAZT columng 2L 15
ml $832 &7]3 70CE " YA elution buffer BE 20005 ¥& 3 A& 1¥
7t incubation 3t} o]jE UAERZVIZE &A 187 &2 3WAAAH DNAE
deth DNAS F2& o8 DNA £9 10ulE 08% olrtz22Ad] A7 gFstd
gqstien, DNA Fxt DNA &9 1uld] AN FRAEE FAst IAA

2% HA DNAJAM wEZ=gol COl {FHAE HdYFHog FEH57]
dstel FHALAAVSPCRIS AR AL AN ofm B =
g9 COI g7IA g Hgesg, add 553 Ztolnrt FAHUL olE Al
EXo] o]&3tdrt (Zalolm KLCOI 1490, 5GGACATTGGTACATTATACTTS';
KHCOI2188, % AAAAAATCAAAATAAATGTTGGTA3). Z@§EAAHLE 50ul
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o] ur$LH(10X PCR buffer 54, 2.5mM dNTPs 4ul, z}z} 254409 forward,
reverse primers, 0.544 DNA, 1 unit Taq polymerase)g T ¥, 2% Z3&
95°C 15min; 35cycle?] 95°C 1min, 50°C 1min, 72°C 1.5min, 72°C 10min®.2 g
I AYA Y. PCROIF 6 E 08% ol7t2 24 A7]gF8te DNAY F

£ Al

2t MY 2 FEA 7] MY 24

ollA] 9 PCR AE DNAE QIA quick PCR furification kit(Qiagen,
Hilden, Germany)E A}&-3td HA st PCR AHE# 1 w8 9] 547}
5= PB binding bufferg& 433 columno] FY3ch o] columng A3 AAE] 7]
qA Hu&Erg 1¥ 5 94EYE S flow-throughE A AZck. A3 &A<¢l PE
buffer 750p4& columnd] ®3 Tl 18 59 f4E st flow-throughE W@
o oA 28 T AR Heldle &9 AAFY. °] columng 1.5ml
EHd 2el¥1 50CE d]$A EB elution buffer 30u4& Ho] 28 AT ALd)A
incubationdt ¥, 28 F¢ Au&x 2 ARSI DNAE 353

AAE DNAE Topo TA cloning kitE o]&3le] F24sln 2 F=n
= DNAE &% % AdAsidt. AE42 @88 10wE THEL (4utd
PCR product DNA, 0.8 pmole KLCOI1490 primer %-& KHCOI2188primer 2uf, 2
¢ BigDye ready reaction mix V. 3.0; PE Biosystems, Forster City, USA), ©o|&
25cycle®] PCR (96°C 10%; 50°C 5%; 60°C 4E)&A AgPA|ZH}h. PCRo] YW
o] ¥hgA& 15ml FH &7 o7]9] 40ul &, 5ul 3M NaOAc pH 4.6, 125ul
100% ethanol& Y1 5 Hol 1027 FohE ¥ o 12,000rpmo 2 158 F<¢+ €
A& ste] DNAE JAHAZTh DNA JHEL 70% ethanolZ A g F, 37T
A 58 B AzAZTE o|gA Ful® DNAE ABI prism 377 DNA sequencer
(PE Biosystems)el A7l AFEAA 2 GIIMNERBA)E FASPT oF,
MacVector 2713 (Oxford Molecular, Oxford, UK)o.2 7] AMEES A3},
MEGA Z 2% (Kumar et al,, 2001)2.2 FA43 5}
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3. 23 & nF

7l. 3gA =z 9 COl w8 A
AR E4oe 20039 12¢9 1¢ FHER=TE HF YA AP
2874 A7} o] & H AT wWEkA, AAZFA] B AT F 11470H9 28 AEE B
A3lao (GHAES=FE BEAZE g9, 5971 4); Bransfield 3], 277§ d]; Maxwell
Bay, 23704 =%, 50A). EAE ZF A2 A Exe} 94X, B4 AAFe
Table TI-7-13} ZT}.
ZE 328 AN8Y vEZE=gol COl 34 97149 22498 £ 4%
Hol Zeto|HE A 631719 wEHLEE vide] WA (Fig. 1I-7-2). Z
AL G7IMEE 71E EAE 86 MAEF Hay of, M2 7AEe] &
71 F4(SNPs)o] A=A (71 MAANAM F7AE £4o] wpd BES 1
Bate] d7] AR 30W ol A 5807bARE v gl F 56070 F7IHA). 2870<] A
% 7AAI7E A2 SNPsE H§om, o] & & 2HAE AL EF singleton
(Hol7t 17he] ZRA AT Hole g d, haplotype) olAtt. wetA, AF7HA &
AT LR GAHL 25 80 FF7 S AT} (66T FAAN 802FHE =
7}: Table 2). o]Z2X4 A& T & @A Pﬁé(haplotype)« AA A 71X E FEIHQT
A
}

fﬁ;

B, C, D, E types). ©AH A type 3461 Ao CE ztx 562% S Ao G
Zve 2E5Ho] glon, old] I F e Ho|r} F/E 15559 B o] ¥
gtk B typed 251¥ X9 GE zZte FEHO oy, BF 6/ vAd S
5FFT 3461 A typed} o] CE et C typed A typed} o] 346¥1 3]
€ ztov Se2dlole AE ZEFoE2X A typedt FRETH EF 13719 @A
o] dHAT D typed 16991 X0 G 2FFH 9 24YL AE 2= F5Ho
glom, 2519 9o (A% G), 346¥ S)Ae] T, 457 o] T (Y% A), 562
H A A e EAES HRlt 5 4071K9] @4¥o] TE o Al 71A g
A 7+E 5 7P g9 74E EAok E typed D typedA] WA AHOoR
4579 Aol TE 2t et 1698 XM CE Ze AR D typed 7837
ot 2% 6FF7F £¥E0.
ojfie] E4E AlRENA GAH4EF B typed H3 WHEHZA FUHt (Fig
I-7-3). AF7tA, B type2 2000 1Y 10 HHEHE XMZFAA AYH Ag9

il

=2

¢

—_—
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20009 129 259 HA2FE YA APE AAAMT FAHAJR. A, BF

80 FHo] @AM F AA o] FelAM FFHLE UHAHE AL 157HA 3

sta, Uz 65712 @

Hlgo] Fil A2 & @AY A7t E48 F 1144419 2/3 o] B0FF)

2 Yeve AL 2E ATy &
<

& sRA el AR WAHEE singletono]1Th  Singleton?]

€ AL doe MR Thesit. @
9, @971 d¥4el ddse AAe ol 244N AFA A7 FHH0l BF
65702 Z7}etQqh (Table 11-7-2).

L, 38 AR gdxd X|¥ COl & At *xtol

Zt AgoM vehd gz Ade |7] Holg AME vius B o &
Aol B4 dx9 AEAA EHA Uehe, A9 FL 45 5olHY ¥l
T 2AHA gt olded EAME YA AER VIE AESG FAT 94
TAL BEPY (Fig. 1I-7-3). 3, A type, C type, D types] 7/AAE°] #Row B
type2 VERRA] gstth S A AFEARC! B typed AF7HA © 2319 A
goAgr #FHew, B48 A typedt C type, D typed A 8]F Zold] AR
o] B XolA #AHUL. uwtA, FHERE T Y (dHEH=TLE 5
MZE &9, Ba2ds Y, d2d ¢ F)o E8se 28 AT FHF Aolvt
A9 gl add AFY ALE FELoh oy, 20009 1€ 109 FHER=LE
AZ7 20009 12€ 259 BA2FE FYox LHE B type 7AAES] 7L W
& 2ATE F O o]FojFol & Aot

dE, FAERETE T NG YA Hole FHF FHL
=EFE 34 AJE ABAAME FAEHA vEst. 8, £4€ A9 %
A7 Aol BAFH F4E e AL EUFsA, @58 A ZEANTF
AHoz A gEA ¥E Ao FEX siwdittn AAdo. F, @53 Fd
of BE3e 2 ZEAL JPEC] AAAHCE HolA A ¥ HNE F3F i
o] 7bsd delel A< viehdt
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4. 2

GHEE dIeol &3 FHEAETE B2 Aol 2003d 129 19 A
A8 2805 AR WAAE UFeR PlEZEcl §17 COIY 6317 A7IA
e BAY A3, o AREL J1Ed ¥4 serle] AAEH WnY o & 79
Aze AABe]l GAITH GNP S o, olo] B Nz GIYL Bol
20 e olE 8AE A2 AR B 5} SNPsE oA 8T,
$8e A4 74 A4 7129 ARd FAse 4AHoz =98 AL of

A

KU
>,
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Genetic analysis of the Antarctic krill stocks near the

South Shetland Islands

Abstract: This study aims at the examination of annual and geographical
change of the Antarctic krill stocks near .the South Shetland Islands.
Particularly this year’s analysis used samples collected from the north of the
South Shetland Islands (site KR03), Dec. 1st, 2003. For genetic analysis of the
samples, 631 nucleotide sequences of a mitochondrial gene, COI, were obtained.
A total of 28 samples were analyzed. The DNA sequences showed new single
nucleotide polymorphisms, increasing the total number of polymorphic sites to 65
from 56 and of haplotypes to 80 from 66. On the other hand, there was no
single polymorphic nucleotide which is consistent among the 28 individuals and
so discriminate them from the last 86 individuals previously examined. This
result indicates that this year’s stock is the same as those of the previous
years occurred in this region, corroborating the last year’s conclusion that the
krill population near the South Shetland Islands is just one in terms of -the

genetic composition.
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Table II-7-1. The krill samples: sampling date, location, and the number of

individuals analyzed.

no.
Sam date cruise sampling location {ndw reference
ple idual
s
1 9801 |Insung (Inc) 48.1 sector 1 |'Olreport Krill(98)
2 99.01  |98/99 Korea cruise Maxwell bay (S58°50'; W62°15') 3 |Krill(99-a,b,c)
3 99.02.04 |Australia cruise Indian Ocean (564°18'; W105°47') 3 {KrillAU(99-a,bc)
4 00 Italia cruise Indian Ocean, Rose Sea 2 |KrillIK(00-a,b)
. west of the South Shetland Islands ‘02report
5 | 00.01.10 {99/00 Korea cruise Stl (S62°50" W62°35") 12 KOO01S1-12
. north of the South Shetland Islands ‘Olreport
6 | 00.0L17 |99/00 Korea cruise | (qg1e35:; welo40') 3 |Krill(00-a,b,0)
‘Olreport
7 00.07 |Insung (Inc.) north of the South Shetland Islands 3 Krill(00-d.e.)
8 00.12.19 100/01 Korea cruise north of the South Shetland Islands 6 Olreport

St.Ké:trawll (S61°40'; W60°00") Krill(01-a™1)

north of the South Shetland Islands
St.K6:trawl2 (S61°40'; W60°00')

Bransfield; St.K17-S01: trawl5 -333 16 '02 report
(562°20'; W56°40") K001255-1716

Bransfield; St.K17-SO01: trawl5 -505,

00.12.25 100/01 Korea cruise small, (S62°20"; W56°40") -

“ . Bransfield; St.K17-S01: trawl5 -505, big,| _
00.12.25 [00/01 Korea cruise (S62°20'; W56°40')

Bransfield; St.S11: trawl6 1 03 analysis
-333 (S62°25'; W58°40") K001226T61711

Drake passage: WS6-WSD: WSPF-505,
(S56°15'; W52°00")

9 00.12.19 |00/01 Korea cruise 6 |03 analysis

10 | 00.12.25 |00/01 Korea cruise

11 | 00.12.26 |00/01 Korea cruise

12 | 01.12.02 {01/02 Korea cruise

‘02 report
. Maxwell bay: St21-St19-1, (S62°18"; K0112521-1715;
13 | 01.12.10 {01/02 Korea cruise W58°42") 20 03 anslysis
K0112521-1720
M . Maxwell bay: St21-St19-2, (562°18'; ~
01.12.10 |01/02 Korea cruise W58°42')
14 | 011226 101/02 Korea cruise Drakoe p’assage: WS07-505, (S58°05; ® 03 analysm,
W52°00') processing
15 | 021208 [02/03 Korea cruise  |Maxwell bay: KR06-505 ?t"“’d.‘”
ormalin
. north of the South Shetland Islands: CEsup03120101-
16 | 03.12.01 {03/04 Korea cruise KRO3 (S60°42', W58°13") 28 28
* 114

Al

* bold; this year’s analyses
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Table II-7-2. Haplotypes and their frequency of the krill COI gene

Haplotype/
Fre .
/Position
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El Cesene meseseveaasns . . Bl tesanan ... T.G, AA G
E2 e dii e aieeees Ve seaesess [P P eevsTons tiiiiaan .
E3 e tieraesaea . . o Al i ceseTYur tetiieieieneas
e C. ..A. Cesevans ceesTYel tiiiiainen T
ES L. . e G.C. ........ Cocvnnn CoeeTCev viieiniennenn f
E6 e i . G.C. .vvvns Covvennn CiveTCuv tivenvnvonans .

* 114 specimens were investigated; 80 different haplotypes were observed.
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>CEsup03120101
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGT TGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGCTTTGGTAACTGGCT
TGTCCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTGTTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGRAARGTGGGGTTGGT
ACTGGGTGAACAGTATATCCACCTTTATCAGCAGGAATCGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTARACTTTA
TTACAACTGTAATTAATATACGATCAGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATGCTTCTTACAGATCGTAATTTAARATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCTATTCTC

>CEsup03120102
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGCTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTGTTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGAAAGTGGGGTTGGT
ACTGGGTGAACAGTATACCCACCTTTATCAGCAGGAATCGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTAATTAATATACGATCAGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATGCTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCTATTCTC

>CEsup03120103
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGCTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAARACAACATAAGATTTT
GATTGTTACCCCCTTCCTTAACTCTCTTATTAGGARAGAGGTTTAGTAGAAAGTGGGGTTGGT
ACTGGGTGAACAGTATATCCACCTTTATCAGCAGGAATCGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTAATTAATATACGATCAGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATGCTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCTATTCTC

>CEsup03120104
TATTTTCGGTGCATGAGCTGGAATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCARATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGCTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTGTTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGARAGTGGGGTTGGT
ACTGGGTGAACAGTATACCCACCTTTATCAGCAGGAATCGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTARACTTTA
TTACAACTGTAATTAATATACGATCAGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATACTTCTTACAGATCGTAATTTARATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCTATTCTC

Fig. I 7-2. Partial sequences of krill COI gene from the samples collected north
of the South Shetland Islands, Dec. 01, 2003.
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>CEsup03120105
TATTTTCGGTGCATGAGCTGGAATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCARATTTATAATGTTGTAGTCACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGGTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATARACAACATAAGATTTT
GATTACTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGAAAGTGGGGTTGGT
ACTGGGTGAACAGTATATCCACCTTTATCAGCAGGAATTGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTARACTTTA
TTACAACTGTAATTAATATACGATCAGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATACTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCTATTCTC

>CEsup03120106
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGCTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTGTTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGAAAGTGGGGTTGGT
ACTGGGTGAACAGTATATCCACCTTTATCAGCAGGAATCGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTAATTAATATACGATCAGCAGGTATAACTATAGACCGTATTCCATTATTTGTG
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATGCTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCTATTCTC

>CEsup03120107
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGCTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTGTTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGAAAGTGGGGTTGGT
ACTGGGTGAACAGTATATCCACCTTTATCAGCAGGAATCGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTAATTAATATACGATCAGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATGCTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCTATTCTC

>CEsup03120108
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT

TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGCTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTGTTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGT TTAGTAGAAAGTGGGGTTGGT
ACTGGGTGAACAGTATACCCACCTTTATCAGCAGGAATCGCTCATGCTGGAGCCTCTGTTGA
TATGGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTCA
TTACAACTGTAATTAATATACGATCAGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATGCTTCTTACAGATCGTAATTTARATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCTATTCTC

Fig. I-7-2. (continued)
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>CEsup03120109
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGCTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTGTTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGARAGTGGGGTTGGT
ACTGGGTGAACAGTATACCCACCTTTATCAGCAGGAATCGCTCATGCTGGAGCCTCTGTTGA
TATGGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTCA
TTACAACTGTAATTAATATACGATCAGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATGCTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCTATTCTC

>CEsup03120110
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTMTAATGTTGTAGTCACAGCACAT
GCTTTTGTTATAATCTTCTTTATAGTAATACCAATTATGATTGGTGGGTTTGGTAACTGGCT
TGTCCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTGCTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGAAAGTGGGGTTGGT
ACTGGGTGAACAGTATATCCACCTTTATCAGCAGGAATTGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTAATTAATATACGATCTGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATACTTCTTACAGATCGTAATTTAAATACTTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCCATTCTC

>CEsup03120111
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGGTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATARACAACATAAGATTTT
GATTACTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGAAAGTGGGGTTGGT
ACTGGGTGAACAGTGTACCCACCTTTATCAGCAGGAATTGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTAATTAATATACGATCAGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGYGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATACTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCTATTCTC

>CEsup03120112
TATTTTCGGTGCATGAGCTGGAATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGGTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTGCTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGAAAGTGGGGTTGGT
ACTGGATGAACAGTATACCCACCTTTATCAGCAGGAATTGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTAATTAATATACGATCTGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATACTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCCATTCTC

Fig. I 7-2. (continued)
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>CEsup03120113
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGAT TATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGCTTTGGTAACTGGCT
TGTCCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTGTTACCCCCTTCCTTAACTCTCTTATTAGGARGAGGTTTAGTAGAAAGTGGGGTTGGT
ACTGGGTGAACAGTATATCCACCTTTATCAGCAGGAATCGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTARACTTTA
TTACAACTGTAATTAATATACGATCAGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATGCTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCTATTCTC

>CEsup03120114
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGGCAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTCACAGCACAT
GCTTTTGTTATAATCTTCTTTATAGTAATACCAATTATGATTGGTGGGTTTGGTAACTGGCT
TGTCCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTGCTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGARAAGTGGGGTTGGT
ACTGGGTGAACAGTATATCCACCTTTATCAGCAGGAATTGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTAATTAATATACGATCTGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATACTTCTTACAGATCGTAATTTAAATACTTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCCATTCTC

>CEsup03120115
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGCTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTGTTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGARAGTGGGGTTGGT
ACTGGGTGAACAGTATACCCACCTTTATCAGCAGGAATCGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTAATTAATATACGATCAGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATACTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCTATTCTC

>CEsup03120116
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGCTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTGTTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGAAAGTGGGGTTGGT
ACTGGGTGAACAGTATACCCACCTTTATCAGCAGGAATCGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTAATTAATATACGATCAGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATGCTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCTATTCTC

Fig. II 7-2. (continued)
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>CEsup03120117
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGCTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTGTTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGAAAGTGGGGTTGGT
ACTGGGTGAACAGTATATCCACCTTTATCAGCAGGAATCGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTRAAACTTTA
TTACAACTGTAATTAATATACGATCAGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTCCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATGCTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCTATTCTC

>CEsup03120118
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGCTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATARACAACATAAGATTTT
GATTGTTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGAAAGTGGGGTTGGT
ACTGGGTGAACAGTATATCCACCTTTATCAGCAGGAATCGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTAATTAATATACGATCAGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTGCCGGTTCTAGCTGGAGCAAT
TACTATGCTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCTATTCTC

>CEsup03120119
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGCTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTGTTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGAAAGTGGGGTTGGT
ACTGGGTGAACAGTGTATCCACCTTTATCAGCAGGAATCGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTAATTAATATACGATCAGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATACTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCTATTCTC

>CEsup03120120
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGGTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTACTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGAAAGTGGAGTTGGT
ACTGGGTGAACAGTATATCCACCTTTATCAGCAGGAATTGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTAATTAATATACGATCAGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGGTCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATACTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCTATTCTC

Fig. IT 7-2. (continued)
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>CEsup03120121
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGGTTTGGTAACTGGCT
TGTTCCACTRAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATARGATTTT
GATTGCTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGARAGTGGGGTTGGT
ACTGGATGAARCAGTATACCCACCTTTATCAGCAGGAATTGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTAATTAATATACGATCTGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATACTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCCATTCTC

>CEsup03120122
TATTTTCGGTGCATGAGCTGGAATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGGTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTACTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGAAAGTGGGGTTGGT
ACTGGATGAACAGTATACCCACCTTTATCAGCAGGAATTGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTAATTAATATACGATCTGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATACTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCTGGTGGTGGTG
ACCCTATTCTC

>CEsup03120123
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGCAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGCTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTATTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGAAAGTGGGGTTGGT
ACTGGGTGAACAGTATACCCACCTTTATCAGCAGGAATCGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTAATTAATATACGATCAGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTTTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATGCTTCTTACAGATCGTAATTTARATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCTATTCTC

>CEsup03120124
TATTTTCGGTGCATGAGCTGGAATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATCATGATTGGTGGGTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTGCTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGAAAGTGGGGTTGGT
ACTGGATGAACAGTATACCCACCTTTATCAGCAGGAATTGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTGATTAATATACGATCTGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATACTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCCATTCTC

Fig. II 7-2. (continued)
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>CEsup03120125
TATTTTCGGTGCATGAGCTGGGATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGT TACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGGTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGARTARACAACATAAGATTTT
GATTGCTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGAAAGTGGGGTCGGT
ACTGGGTGAACAGTATACCCACCTTTATCAGCAGGAATTGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTAATTAATATACGATCTGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATACTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCCATTCTC

>CEsup03120126
TATTTTCGGTGCATGAGCTGGAATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGGTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTACTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGAAAGTGGGGTTGGT
ACTGGGTGAACAGTATATCCACCTTTATCAGCAGGAATTGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTAATTAATATACGATCAGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATACTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCTATTCTC

>CEsup03120127
TATTTTCGGTGCATGAGCTGGAATAGTAGGTACTTCACTAAGATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCAAATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGGTTTGGTAACTGGCT
TGTTCCACTAATGCTAGGAGCCCCTGATATGGCATTCCCACGAATAAACAACATAAGATTTT
GATTGCTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGAARAGTGGGGTTGGT
ACTGGATGAACAGTATACCCACCTTTATCAGCAGGAATTGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTARACTTTA
TTACAACTGTAATTAATATACGATCTGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATACTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCCATTCTC

>CEsup03120128
TATTTTCGGTGCATGAGCTGGGRTAGTAGGTACTTCACTAAKATTGATTATTCGAGCTGAGT
TAGGACAACCAGGTAGTTTAATTGGAGATGACCARATTTATAATGTTGTAGTTACAGCACAT
GCTTTTGTTATAATCTTCTTTATGGTAATACCAATTATGATTGGTGGGTTTGGTAACTGGCT
TGTTCCACTAATRCTAGGAGCCCCTGATATGGCATTCCCACGAATARACAACATAAGATTTT
GATTGCTACCCCCTTCCTTAACTCTCTTATTAGGAAGAGGTTTAGTAGAAAGTGGGGTTGGT
ACTGGGTGAACAGTATACCCACCTTTATCAGCAGGAATYGCTCATGCTGGAGCCTCTGTTGA
TATAGGAATCTTCTCGCTTCATATTGCCGGTGCTTCTTCAATTTTAGGAGCCGTAAACTTTA
TTACAACTGTAATTRATATACGATCTGCAGGTATAACTATAGACCGTATTCCATTATTTGTA
TGATCAGTGTTTATTACAGCTATCCTACTTCTCCTCTCTCTCCCGGTTCTAGCTGGAGCAAT
TACTATACTTCTTACAGATCGTAATTTAAATACCTCATTCTTCGACCCAGCCGGTGGTGGTG
ACCCCATTCTC

Fig. II 7-2. (continued)
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Fig. II 7-3. Single nucleotide polymorphisms among the krill samples.
Samples of the first block are from the north of the South Shetland
Islands, second block from the Bransfield strait, the third block from the
Maxwell bay, and the forth block from the Indian Ocean.
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Fig. II-7-3. (continued: CEsup031201-28; this year's analyses)
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A8 & 3o 4stM; oMy 52| XA XHEE K<)

fok @3 399 a3 229 9Y VBT FEY PA gg vz e
W 284e AU 27 A2 299 Ho YARF 4 A¥st B F Yok
#dE AMY 23 2349 AZL oA ZREH Fols BISHAT 4959
Hols) Aol A% WA £%AE RolWAVFS AR JF WSl
Aojete] FHulz B 25 379 He nFd = WO PPN
A7 sAeln +HE 28 ase) a9 42 ARE 2] FYsE Yol
@79 Walsl oo WF AP B oA ANAZ BEL & Utk
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G2 S GAEA HolaEe FAQA FFAYL (Euphausia superba; ©]3}
) 95 8739 F HET FTEoNAT I AdFo] vtk HF WEF S Hole
AL & dEA Aok s A Wb A& A71E ¥R E9F §748U9
A Ws7h a2 wiAel Ag Zolgke Mol FEE Wi gloy} (Smetacek et al.
1990, Siegel and Loeb 1995, Loeb et al 1997) FHI3tA] AGE sjyo] ZdolA
A FEste Aol 0}‘43} Bolgl A e AFeE ALUNNE Fi 9459
Hgez olz2A o= & dftyog 488 4 sdo¥ AFHA F
A7 © Feasith vz 3ol AZde AT 9ol ¥F wEd AFHA
Z3la 238 ¥ =77t EolEde #F 71E¢] Jon (Quetin and Ross 1991)
MIE TS 4FY BE WP A% REF Jejolch

ezt oleld B WHe HolBRe WS sAHem FAN =YY
Hold4d BEE ol WL Y otk =Wol WHE Hol@Hd
FA(IR)S TYSHE FAGA)CE ABSHAY Yol Ho| ¢o] 27 WE))
T OY¥d dFeg2 dHE Yo ve AL F ¥A U (Ikeda and Dixon
1982, Marschall 1988, Price et al. 1988). 34z 7o) vlgol wa Y3 =Y Ho
AHPFo] FFoz AFoR o]EA SRR ol AL FA omd 899
o9 A4d 7 & L viAE st Hasty ¥ AHET FT7olA
S F8% Agolnh. Yoyt FEHT Aoz AAHE B3 AeH B AJE
AGA Aol FHItert £ A 74A Jhed A T ¥ onE FA&
Agatex, ool o AFd od IFE vA=Ad 22 FAE &7 A4
EEshE AAAE ol &3t FAAA ZE9 Yo HFHLF W AEE +HY
g Wy Ao

A elz 7S AYE A= E Az 423 ze B
ANRAE ool HoldABTA U@ AFRE doe Ase dfou
(Anterzana and Ray 1984, Endo and Kadoya 1991, Morris and Ricketss 1984)
EEE AAAZE BEA? F93 A7l FEH AR S48 AL
olUth ZdY AL 28EE BHIS 9 F47F dojue JEeE
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golgAe] wHstA ¥ ¥ ol =3 el F He J#Eolth. o
ATdae 289 23S FAM H4A FAE £ Ae Hol HAH BF
ARE B&ste AL 47 FAD ZdY uasle A7 A7 A4
BeHe] ZE2RE ZA3a olF Y u Atold E FHdEz nlwstux
Ak = 389 AL HAHY YoldA FEFE Tt &L 71EY o]
Bz ZH § 5 Y=E ARt VB2 2AME u Yok 2¥ A849
271§ BEFstE oz Iy A8 Lfotsd Ado] JodEd FHE o
€ a3l Z7IE Al A A3Mye] Hol HHE JYE H3)
A Hax 71 ZA7E AAsua s9d. 28n BFFY IJEE o|&3to 3Y
Aste] A9} A7) digk AEE EFIE WyoE IS F U=E dEn
3t AT
ado] 71 Azste Hole HEEFHAE, 53] 20 ymiy & FERHFE
dHA oy HAHe Holrl REY e tE F7HY AEE Yol AT +
AteE A =F o7 g Rug vk lok (Price et al. 1988, Atkinson and
Snyder 1997). A4S F3td ZEol RFEH)SY tE FTHFY Hol
TEAR Holg AFE W, 2z AZd ofd Wyt dojyeA I w
zAb3te Fd8 ozl uiie AL AL F Je AXNAZ 2349 42S

o]l &% F v 7S FAILA st

oot

2. 7ot WY

1) e&oAM ME et g 54

Ado] HIEZ AF = T Ao &2k wmit dEi7 Fo} Hole
NAEE T 7H5d 200y e #FsET. 284S 8@ vg 8gd 9o E8FS
A 2zl AM7Z-E Munsell AES} vlasty I F 71 7T AdHe H7)
H()e] A4, Bx, AEE AAER 7St A7 7IFe] Ed AAe
dFavE stillA RIAH2E FFFEHKE) FHFB)YS Aol LA
Zolg EAstAtt AAMR) As@EAyel FIE AAe AEFA AseA=
Makarov and Denys (1980)2] A H o) we}t 7153 &4 71538
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2) 7|0H(ENER) &

A7 RAEE AFsiso Hojgo] HelgFS TG AT 71zt
Ad of Zds AYstd A72E JSsta 23 dojgd FFH 3#79
Aolg AN 2709 IFL 20U = tE VHe 2FL 747 3693, 43Y
Zt 710} AEjdl FolAl A

3) ZIoH(ENER) AEfol A A=A HO[E XI5t AEF
7t. MME 2ZF HHo| AE

ANF71A FH 24 SHWoldM AFF AMA harpaticoid 27+7F 100
rtElE S5 28 2vtE|dlAl Mol AFAAR AHF 6A1L 2A%e FHA
TFs O HEES 2447 48A who] BAEAT Y S Aviok ] dE]
38E AUA 8 8 A A €31 ZEo] FAJUE 871E & Fo] 9
S FI e AT BRI
Lt /(M) Ho| 48

& &9 2¥8g 20y 44 449 §71d ¥1 270€ 20 pmB o &
ZFEF) ol AzTE dE VY &7l 20 pm o3 ZF(EE) ol
AT AT 2F FNS Ade g 5 ug Chl kill'2 EAES g 20
ng Chl kiill’2 g #% 142 9o|8 1 b H 6472 243 Iy
BFstal 2425 ohA] BFsE T

3. 43

1) 38 2349 37|

7t EE0M MEE IS L3 37
ad &34 FZrle & Arld wE 282 RelRE Y 234
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A71% ouY WHozE BTN Fort Aok 289 FFEF 3H9 ans
& 32719 A V1Eo2 AdEstn 2d L84 Hold FEFF A Zold yd
HEE H()E & A71E 28 WAL 2 289 272 stk 299
F 2717k 2349 BUAA A71d " 9L vAeA, BA TEA 23t
FAAA A7 F Azl wet g3d ¢ gleA gddtunz sgo. 2y
FRHoldrt dEE F2E F AL HER sty 2Y o GA gFH 27]9
AAZE FE3] gol A A7t ol ZAlME AT AT e Aols}
15 mm ol He & /AS B4, 53] 45T G Bf FEo & d¥a
gEel e di soum Lskle dFHo A AUEd =
FolAe ZA¥el FHesh A £9 Adojgtm AFIA= & Iz IA
AEd AL o A FFE o] Udh P FEFL o] 4AW vA, F
Makarov and Denys (1980)¢] 7]%2 & 3CFo] sidste 7$o] ol=® Ay
A717 FF 40% AF FL 40%x o2 XY A= itk wA Z
BEAA AR A2 Y BHE Uehle Iz 234 Av]E AR
3l Al=olA 3CFs} 3DF AAEL W #HF3Ath

24 &3] dole WFEY Z¥ FEFEY B4 dol9 50% AFgen
60%E dv A5%= AT (Fig. I-8-1). o= AFAHY =59 95 Holg
Hnd gusA 4HF £20 dFshe 202 AZEnh ATHA BSo|UAT
7bed #FE, BTHLR 50%9 R FlAle AL L3E e 2 e
HElzh HAck (A, WEE A8) dolz B 434 JHHA arle il
A Ael7h ARAL HF A1 o} Ztzke] FHAA APF T w Afoldf
Zol7b AT A AH 2 2-ES FF BHl Aot Ae AL B 2344
A712 Hel & = Ak A€ o FH 299 AdEo] FY 1149 aYE
Hiel 9Lt T4 RE AL £

3CFs} 3DFe] slZate YAEL Ao Uiy SFF 2 Zo|7t o]u] 15
mm o Felglen gelN F& olf HEC &sple FUHA AV7F REA
Zolopel e AL otk 11W FHME 448 FAREE HTF 50%8 d&
2 238 Rn AU (Fig. 1I18-1). FEZ T AL o5 1M PSS

un 2
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o] &% 3DFE £¢ oluld] add MAESoATdE Aotk Zdo] 4dsed
& Hojzt ot oir 11¥ HHAA AYE ¢A ZEEL vE HHY
Eoll HIgf Aoz & 4340 HAFR I HEIE Holg Z HolitV]
o &3z AAx BF AT HA7ZA ol2A 8 AY Fojt. HdAE
g AAH 11 FHodMe A5 gl obd & AEE A & 284S

ARen ARz =24 FH F 2349 AV B AW oA 119
BHAA AFE ZEEo] aFTL vl FL Ho] 2o AFKHoE Fo UMY
g vl _

A% ugl A3NSalpa thompsoni)7} ZEH A4 AHHAE SHEU-
dAvtel Aadel 49y Mol PAE A9t A fdde A HEd F Fol
Wolg Sx AP AWBAC Aoke #8ol AT (Loeb et al 1997). oW
ZAtdAe B2 7 YR Hol Itz ZAES Fojd FE (i AT
Autel 287 3d &34 FAVIE dWEHE Yol HFH 8% EF Aleld
FRE AAe =2uA Stk 234 =27 f5 AN 28 A A%
aupe] SdFo] 28 28] W Y 1IHET e8]z HUo. = Avrt
oz 2Ud 98 A9 Ae astae) 2 BF o4l FEolNTk

2 2 o2 ok o
off Mg o Ar »

s
ki

Lt. ZI0tARIOIAM AE 43 F4

Y &astio] @It Ho| RFo diHsted] 24 F Ue A&
FEE AFBNE 87 W&ol ZYoA Hol FFo| FHHE A3|HEd Y
2349 Arle EFAE FHd fn ol dFoE HFUF uw Ut =A™
Azgo] Fotd & UE HA AV F ol AHE FUHIY A9 7E AvlE
¢H A oA LREHE 289 &84 37171 Hol AFHA s deiv A
AQA 28 + JA "ok VY aEFE 2097 = HE 248 2FE o
4097 7o} 3ol AstA 3 AY AF B9 LzpAo] Yot WEEte] O A
N7 FolRE AL A3 HoFh (Fig 11-:8-2). z2#Y XL 7lo} Aol
AZE o &3M4 Z7ls 208 A= 7oF HAx FFE Az AU F 7)o}
Aol AlFE w Aol thh & IEFL 2097 Vot HHE FEE FHAE
A3Ao] 3] thE 2FHTE ozt Foh (Fig 11-8-2 b). 40¥ F&=9] 7otxA%E
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BE Ado| g AFo] AFE u Azt Zv|eh BARIC] YEHY H29
azd =g9d A=z 21 7|k ofd Aoz KAt Iy Hay @I
Hgo A o]FolR oMol o} AP ZAHEC] TG Fe FEH AFLAA
FALFS PlAA Z28E 7lolel AMstA ¢ AP AAEZ BAY (A, "ER
A8) AFHoE FFH 7t Zold 30%Es A3 HU=E ol & e
A F F 439 7B AV|E AFde Zo| & FEt Q1S Ae: Bt

2) 3 Asio Mz

7t &AM MEE TS AFHY MZ

Aol AAE 2 A3Me 4722 Setol] g FHo] 2T o W
drlx] AFAHQA ALE UFre Aol 7Msdd Mdez2 B Munsell scaled]
93] 5Y, 10Y, 5GY, 10GY 47}A Age] Mol HAHJY (Fig O 8-3, 1-8).
&3] FE ZYol W AFN I 2EAN Jihe WAL FAYo] &=
AEA Hol & ZR(EH)Y F¥FI AL Fdsir

710} Ag A Ado] W Azt Holg FFEA XUE W L34 4720
AL 5Yd HEWHA BHEe 2oL AxRE WokAle BP0l FHAUT-
Ado] 12F9 WS WdMe 7|otE BPse Aol ZojFFE &3l
Azo] @olAm ¥rolXthe AL olm AY¥E F3 B3 up 3o (Endo and
Kadoya 1991). ol AYA 3FqA 65712 7lo} Aeed FAJHA AEL
hEE 5Y 8/8 Fxel AzZAg wdrt (Fig. U 83 9). ol& ®old F&F& LA
e ad 23H4 7|H AA Y M7z Yztdy.

Lt. 2olet 38 AztYe MZ
O 53584 (cannibalism)2t 38 A3 A4z

B 2Ye 4dFolol dol A s AFEHAt AA FHt @Y =2
Hadzd ZolgAe] AsNs W FF Aol Loyt AFHEM T
2EH 27 dAojAY EL t& o|f& on] HYHA U MAES AT Hol
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BE Aol Aoz o A% aYdA Holrt HE AL/ 2F AN
e 29e FolHe 3Ye o9 glo] 2549 A7Zo] Munsell scale g
5YRel| #Fste H2 Moz Wy (Fig. I 83, 10). ol Yol ol
e 29 g2e F2ExolE Ha goz gAAN 1 Az Wit 43
wzs AW o] FA2 el dolxtth e FEHYoR Aol BA WP
2Ye 28 ARsi5r 22 O 709 AYAS W Z oA HolFFol
ZUHAL W 23U el A A9 5Yo HFete k@M og Sopgich
O A4 92 ool 38 AsiMo 42

W2e] Zgo] ofgo] BUL /1R HoE W FRFN APt Ui
Holz gy BIYAY LAFE AW AF7NA Fue 25 $Woldlq HHT
A A A harpacticoid 22178 FFY A YA AAF 5008 A= Holz FAE
W Zde He 447 B¢ 2 URAD 40018 Axe 2AFES FohdUrh
Holz AFY AN LAFE B dole APl asle o 208 uwe
AzZbe] B Mg olm wy] AFEAL 241Zte] AE wW 10R 5/10 FE
dgste e B AL OdFig I 83, 11). © o =g FA gx
e &) HASHAL W 234 A2 29 Ho) Ao deulz Solgioh
O 278 oA M3E ZECEHE) Mol I A5ty M7

%3Y g Z2REPE ATAUE EFIA AP 2PN B
ANA AR e TR AT e 234 M7 APIE ol
Ade HolyE 5 pg Chl kiill'olMe Azo] F=dxA e AA7
Q2ch e AF 2P FE 20 pg Chl kiill'e)AE 20 um o)8} EF(ER)
Hol A7 20 pm o} HE)F ERelA 2 1AMY 10GY 5/874A Azo|
Watged o waE ®olg £ 2X3elA 6A7 Alold] Yolwd. TE
AYSo] WEe Holx ge AL AYESo| BERF APzANAN Bo] A2
H2 e FHATHE Aol & ol APk FHAW FEF Holrt 4=
A3 MzZe Aol 10Y, 5GY Wigoz nHzm =7t ZolAW Yr}
el g Ae 44 334 4+ A
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H
]
M=

ol ZAMNA #RNA AJE ZEEL tREE 434
#zt dolo] 50% o] el &3ttt o] Ax9 Av|e SFe ZLEA &3] ¢
AEE Aoz HAE Hol7l RS 43 AAE & &
Ztgh A3l FE 60% T 2 olAox o
T AL F2 o] 24 AASE AR

¢ ¢Ae $A Gt #En FERE Bold A 2 329 o

g 3™ v & AsE 27 oBY Add A9 Aolsl 50%x AR
Z vAe Z$7F g3tk a2y Ag $& 9ol 244 AATE A& AE
T HnF & 235448 1A & o oAL 4TS AT BexAYd F Aok

Hol TF9 T 434S FASA HAA HEUT. FAFHLRE I &
S0l Ztold & e Y, F JRAVE FEFR LZ ol 30% BRI AL
oz FE7t 1E AR Btk A Atold =3d £ %] Role Hol2 1}
Bhd Aol7] Wi FFoly FI= naEEY AdAZEe 6 & AAolo|lt. EFEs)
€ ouldlA 27 Zolrt 15 mml ZE& 7HAS] A A3t Zolst 30%
oA 60%7tA BT W A3zt Zolg FAZ oRA FUeeEA RAoH (Fig I
84 a). &3t 9 Hol2RE FAE FAHe ve ov Lo BFIFHS AHEE
Aok (A, uEE A E).

i

Iy rlo
X0

o ®
n:)

L

fr

2y

i

pich

N

y = 0.1448 x ¥
(y=fresh weight of the digestive gland in mg, x=the gland length in mm)
289 A agael Zol7k 30%A 60%2 WE W Aol 45 mme]A Imm
2 oA FAE 106 mgil A 771 mge 2 Zrtdth og Sol Aud 43
Aol dol7t 50%ek 5%z & m 1 Aole FHOE Fstd v S SHHA 2
o SellA =S Y a3l 7HF "ol 58 & e dAE Asid
38 &34 371§ 712 A7)9 dsty grittE f qEe2 23 JUeA teH
2ol 3¥T & UA o
A& Z7] (%) = 100 x (AAZ7-HAAV])/HAEA7)

d& Gy astye] Folrt 30%d 2L V1B AV Yo 8-S B A &
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I YE AHol) 0% ZYL ZAolR RS w 7B AV FriE 7jE=Y)
23S 23 Qe o] ok a3y olE FHoR B 30%U ZE2 1
A7 718 A7|2 oJFo] A Qrle dolZ & w9} upiriRoln FH 43}
Aol o7t 60%Q ZdL FAE HA 7|E Zv]9 6v] o]FS oz 23 g
t} (Fig. [1-8-4 b). YoM o2 E 50%9} 55%] AS FFoz B o] zz
334, 4640 gt AhE Hol2 5% Atte Aol 239 FF FUIEOE
Rnd o> FA3sA Holg PHEF 24 Jbed Aolzta A4AE 4 Uk o
ol EFA A 2P $F 7EoE BHE U2 7|8 379 38 o]
e EFS 822 2ty gl
Aol g GAY 2Ly A4 ZAV7E FF AR = FUdh e ]
old AP/NE7) Wi 2Ex Aurt go] AJEHJYT st 2L FFo &
AR FRkE JFeAe] avke AL FeEor ¥ Zlojvk. ey Aol 2ol
Holg ¥ FFAA ZABAN don 53] Anrt 29S¢ o] FPEL T 2
S A £ Je FEE B HEY A& FEI] dAAFE Ao
A zrach,

i)

2Y 239 A A7 L =FHoln A go] FolH e Holrt 9

(B)8 a8t TZ(FB)S A7zl AZsEA ojw] Asple] 7o 9IS
njx]7] A#se Aoz g ZHEH 4SS BESo7] AFste AR B
ot AFolM AP Zo] Hol FFE WA R Astie Mol EojAx
Fozes = FFY B AAT 4930 BAF HolE Ustd WA B H&
e Hol FgFo] FUHH FE o AAWE BFS BIioh 289 284
Az HFHG BolE Wyt I syl &L A2 ol Euht AFHeE o
o] 4AFSo] o=t el AeE HUY & AF EF AFY FL
=4 A5Le 2FEHE) Hold s1ds /7 obd & Hole 434 HZS
54 AFo] ofd thg o] HA wE Holth THK JHEUAME YL A7t &
ZHFES dzsle Aoz ¥¢8A Aoy 5 AINHAS T ol¥A & T
FEol $H3e AL ofUH ZU7t AL 7FEF okd & FRY FF.E
Z 943l7]= gt} Kawaguchi et al. (1999) ZYEC] H4 43418 2
7t AL A7 & A9 AEEFAEC] YA o875 d A E T

=

win
o}

=
3
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I ST BEAE ol &t Bolg Zejle ¥ o] 4 WY 544
AX Z717F FL Z2FELS I Yol BodE 72FHF EFdHes AddA o
3171 FE Aot wtA ol &3] F|oh Mz 9FE vA & Sl o]
FAZE O AAF] 2AHEGE Hol #734 s o B JEE ATIHE 5+ AS
Aoltt. & AYo] =AFIY 7 ZH(EF7E obd TE To] 53] 274 Fs}

g A AATHE ol§ zAlsted 2 45t Mze]
g BEe AT F As AeE HYoh

2] FoF 234 Z7)7 H29 Yol HAGFY AHU) FHE Rl
gt ol Hol#AF HHAYTFT S wdste Aoth 53] U3 Ho| BFo) Agd
ZA¥etd 38 2t AHA arig og 4A s 4 g Zolth A
do] AuAd 434 Zvie EXG AF qlol dFA Hnd g4A 3 F
gom 4(8) WL EXY cod-end feedingol] oJ3] Hag wg 28w gt} (Nicol
1984). =2¥ &3¢ =Z7|E FHAT Al = Al A AT FRAA
SATGE A2 2F FTY ZAA Z3¥o] AP 3 Hol =1L ¢A HFn
AZHE, PR FE9 "o 4HEFol ojuPeA Hug 5 AA HE Re=
g8t E39 dgo] obd AAd =Y 4349 A7} MZo] I} ARE
FRE 4L ZE9 AP Holrt FHEIA EA8A ¥y AT} FroA
Ado] ojd Bojo gJEs|M o= FxAA quiA 2FE HA YA ¢ F
YA ZE Rojct.

5. 28

o T AF9 FF ZAA Y &89 AHAHY AV s RS AR
= W Zol2 FFY A dold o 50% Ax=Rew zt FHAM HIA@;LS
o] & Ho|7|= syt

o At G Hy AUAHA asAle A7 AL Aol ALY AL F
Bo]l 274 AATE A5 AET HILF Z A4S 7HE 4 e o]
< ARS AE dexdd 4+ Ath

o] Hotd 4 Qe A F Yol AR FAHY ARl A e

woore

ju
e
X
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7]

HN

FHE 30%2 FetE ol oF ZAlA A e 2L TF
o2 712 =719 of 3y} o4 oz Za ATk FUFH HolE F %
Aolgtn dEtx TF 7IESZ W I Aole R FIHD ATEH Fro
Hol A7} FA=ojok 7 Fd + U

o AN BZ=H 3Y 4349 MZAE Munsell scale 5Y, 10Y, 5GY, 10GY 4
7HA AFolReH ol ZF(EH) Holo d¥oE BN
o HFA Holo] JFS Y] A Y &M AAY NZALE EL =Y Mog 4
A Yolrt AUIEA At 42-E WA e AR Bk &3] 4H
she 2F o7t old Af dE B9 FEA Yold BF 434 A2k o F
Hrgdte WEe R wiHm ols AACA R A7l 2/HI obd tE HHolE
A AFAEA gotdied o8& + g Fojth

o IS 234 AV 2L AN HnF GA FFE F AW FPYNE
oA = o o A A FRAX SHEGE APE HgEE 2499
ol 43 HoldHTF | ouFeA HnE 5 A HE Aoz qdydn

)
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Digestive gland as a feeding indicator of Antarctic krill

Abstract: Digestive gland is the most conspicuous nutritional organ in
Antarctic krill and serves as site of enzyme secretion and nutritional reserve. Its
relative size as a proportion of carapace length and the color can be used as
indices of recent feeding activity and prey types. Data obtained from field
caught specimens indicate detectable differences in these indices reflecting
variable food environment. Starvation and feeding experiments demonstrate that
digestive gland accumulate the recent feeding activity of the animals in temporal
scale from days to weeks. Determination of the gland size and color over a
range of time and space will yield a great deal of useful information regarding

the varying food environment and the response of the animals to those changes.
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A 9 & d=3dlollA == 52 {F 7[2H2] (108-2¥)

ol 2! (sea ice) =X W3}

5: 3¥ £X & e F8 4 ke el iy BX WHILE HE 5
2 7zbel sl 2AMIYY. B A7l e NASA team 5L o] 43
4% DMSP-F13 SSM/I A8 & o|&-ste] F=3] T4 3 £X v W3]
Ak 19983 K e 20033714 HZ 5d%< 74zt 109, 114, 129, 19, 2
49 BT Y EEES ABET ZF 29 HT Y EXE 737 HsiME &
FU 1598 FAHLE 15U Hod i EXE A3t 953 &
9 BExc 129%Y E2AHoE F4Vt AF, AR 2874 HA F£F ol A
A¥ss 2o a3y sfeich & AqEE FPe WHolE R
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20d A sl= sy AdH wsy A7 HEE gofstere ool

AR F Y WY a9 #E8E VY 2 HY 24v F2 Aoy A
AR BF71A Z2L FF #F0 st o]FojPon o] kI A H FHHL
2 HYsta e Aol IdPozA Y X tig ST dF A8E
ATE 4 AT 2y o|HF A AFHY Y £X AzY A ATA4
o o dAFA N st FFs] MAHAT F 1972 o] F mFeA Al 7]

S8 £F AAN7E A4 gAFHe] LAHALH ojdle ESMR(Electrically
Scanning Microwave Radiometer), SMMR(Scanning Multichannel Microwave
Radiometer), DMSP SSM/I (Defense Meteorological Satellite Program’s Special
Sensor Microwave/Imagers)7} E3€r}.

25y FAY)N BEHE F2VW 5 AN el AFHAE A=
F A% 529 22 39 e Y BT wEojth od@ F2e% 4% 4
AE o] AQelA A A EAste T8 H3ta] ddFHe2 FFS FHA L7
HEd d Fo HY EE A8 F5o] hedtth £ Y vx £XEE WY
o A E FAHAU AW B, e TR/, AA WY X AY, ice
pack Wlo A 2] open waterd] & FAFS=Hl AH8-Erh. 53] open watere] 7
T WE, 95, polyniase] A&7 FUHHoE BHFo2M FAYAMY
7)o s @I FGEY olFFE AL Aol Mt olfjdE o B
okel &&E # Uk =T o]F A AFHY AR AF FFolv HF ML
2o Eofdll F43ez AME 2 F g B ol 71383 SHoleA 2
A ATHYA 7% W3 5 d5sed B2 =20 g

T2 £F5 A4 AREZRE Y = 2EE de PdE 48 Ve
o] /gHo] k) (Svendson et al. 1983; Cavalieri et al. 1984; Swift et al. 1985;

Comiso 1986; Comiso and Sullivan 1986; Smith 1996). 53] Steffen et al. (1992)3}
Smith (1996)& °l#T 7|€ES A vlu FEIJI ZAZAdqA Aidd W v=
A74E vn EAHTE 47t Wy Eso] Ay HAE BSstede dAsA
ice pack W¢] open waterE #Zd=d= Ao|E Holx gled o] Zole YRE
L ZZ g8 SSM/I AQdS AHE-37] ufE9 Aeg Bl 53] Bellingshausen
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/Amundsen Seas®} o] ot AX7] a2 ® Fo oF FEo] AFd X
Me I Zolrt 20% oldd Rez yekitHComiso 1991). A&A ¢ AR 4
F ABRE o83y vl AFE ey 4z #AF vied dg Bk Ut
ol At 28y FHZo| SAR(Synthetic Aperture Radar) A8 & 4% 4 UA
ol ot ol2g Aolel Wi HAAG AAT £ AL Aoz HAY HIde
o]} o] SAR AEE o|&3% Hlm dF7F sHede Fel uwiel Bootstrap
algorithm¥ NASA Team algorithmol] w3k wAo] o]Fo}] ZHr}(Comiso et
al., 1997).
MY X v& A8V TR BEEHE Eoks dod 2o
3y HAG AFGel g A=A
« ice packs o] A& open water®] Fof tidt LU EH
« Ao M ] iy} ALY € 2 FGEY FF HE ALE 53 polynyase]
FEG A& g A+

NSIDCol A< o2& ey X g wstel Zo] g
7] figtd SAFe A A5 E AT o

2 d7dAae Y T2 £X& @53t Fu ¥ ] distd g
Golim A5 F4o et 4R A NSIDCAXM AFHe A8E |83
o 8ol 19983FE 2003d7tA] 10€-2¢ T Z+ 49 154 & FHLe=2 15d
B AW BE $EY A8 BAsAn.

re

il

A 98t

..—].L

i
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2. M= g

2.1 & Hu| 2 gy
SSM/IE 19874 69 199 ml=9 i TTY {F TEayoez a9
18 B A 1= A AFH FRAMY 7 84E A7) Y8ty Hgoew
AL AT SSM/IE F3te] #3584 gle $8 AFEALHA 248 49
A EF%, A3F, AW BEE ¥x, a8n AU sigae] AA ot} SSM/I
< 7708 AdH 449 Fag, £B/54 WY, 2P F299 BAL 5 A
o2 o]Folx k. o] FulE 193, 22.2, 37.0 1&]a 855 GHzoll A2l th7|¢t =]
FHAA A BEAHE ¢S #5389 o] Fule DMSP-F8, DMSP-F11, 12|
DMSP-F13 Fe|2 94 gAl=o] #5& slA g
FHlE 24 x 26 X9 XEAD Feo waF oz FA O o o] Wk}
3 feed &L BEAHA, UAE g FA2E, 7AFA 2909 FA2H, A
BA2E 5& IFe =) AXHA Aot HAE D feed 20 AFE B
< 50 A8 wo"A MY HE FFBAPTA) 9dte =49 £& F4
2 s Eo. ZE A5 wWH, Az, 473 AE, aa A FL& 9
BAPTAE &3t o|FojA|A dHr}. SSM/Ie 19%¢ de] A HI&Z F A3
A HH 2§ A49L 125kmE AZEA gt ey W& BAPTAY] 3%
of thste] F 45% 9] 2+& Z3 glow ole AT W ity HzZHg oug
o webA GEUrE HAsA el wet e & FEo ¥¥g P43 833km
Ax9 AZZHEE AF Bde o 531%9 SJAMzS #FA4sA foh Ed B
ARE Pae AAme BEo] Tk A4 ARREL FHoT 102459 A
e ZA Ho 2#RHOo 2 G swath UH= 1394 kmolth. Bl &8
ARE st 20 " FHPEY FFE Aste 208 F¢O) 59 A
24z} 64 ol FHFAHT ole 1659 kAL Juigdoh 7 5749 AdL
g wEbA o 24kme] AR AHE AEE £ e AL =AL 7|FE
FA 7t BAPTAY AX = ols =9 AgAS o] A8 A gon £ Hoj
AA 1A 8taL feed hornd} -AHE 9] WHAMA Alo]§ Adth ALL AUhe- SHEZE
FEHY BALE feed FEOZ WALSIH ZAL FAe} &4 SSM/I o didt 24}
AL Y& 7| gozeo AL @t} Fig I 9-1& SSM/I 7} 2L &dA

lo A

=)
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APste EHES o Fu 3tk

Y BE FEE #ZE ¥ 2EE o&3H ol& F AFdA dA
Y A Ae] JehlA "k F8, Fil 281 FI13 FuleA B33 y] exai
B F 79 &Y £X A8 MEZ wEojAed A WA HEE NASA Team
algorithm& ©] 834 =i F W# HEE Bootstrap algorithmE o]-§31A4 Ht}
Bootstrap & 71%HY B4 ARAL LGSR AW WA} Be] Ao B
X3ohe gL &83c) Bootstrap algorithm$ o] &3t i X =& A&
dte B F A 29y Adwo] AstAT open oceand] FH& FHIY
AMe F712 3ol Ado] "R dlci(Comiso (1986), Comiso and Sullivan
(1986)). NASA Team Algorithm-& &% % EXE AXe7] 93t A 79
SsSM/1 A'd& ol §@th & 194-GHz Hihorizontal)3} V(vertical) W34 zdz}
37.0-GHz V B3 zjdolt). 4F& 42 Nimbus-7 ¢ SMMR algorithmy} 53}
t}H(Cavalieri et al. (1984), Gloersen and Cavalieri (1986))

DMSP Block 5D-2 F8, F11 and F13 HAHAL AHY SHE(polar
sun-synchronous orbit)E 33ttt z+ Ao EA& Table I 5-17 2t} 1987
6 18l AL FBAL &Fd 1419 AT <@L siHen o 1699 F7)

Zta A FYE 79& BS3AT B8 AL 19919 129 318 WAL
#ZE FEY. FI11& 19913 1149 289Ul WAL= o] 19959 99 30974A] #
st om A&ste] 19959 59 5] GAE Fl3o] osle] &3 oz #Zo] o
oJA 1 ot F8% Fllo] FAldl #&¢ 7o 2R E Y AREE o83ty F 4
Joll A ALE3 Ao} Alx W] digh vl AFE S ul(Abdalati et al
1995) 2 A3} 098 o9 & F¥ BAE EAoh F MmN ved 24%
Aole F XY Ax A Aol2 AF Aoz Holn 53] AE IF A7
Apole] ZAG ez R Fl13} F139 Hlad] ojME Z+ ko] lojA 9
B Y EX Tx FUAA HRE stAed FllolA Fl13e 29 mAd o 2
ol FAHLE FosA %S A=E AL Ao2 vugen ¥X 2 I AY
gt Azt Zolg Uetloh ¥4 2dd A5 dAHE {A%7] Aste A=
st o] Fllo] thsfe] o] Fojzlt

2000 1 EREE ¥rl =& Aste FAFd oA AFH FFE AT

1A BAol F7HEAT 2 A AAE 2 LAE F7] H3le gz

f l

=
=

fu

ox
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3 A BAHE Fde Ao F HMAe 209 B 23§ JPsle Ao 9
€ 1003] 5& 1 o4 2309 ﬁHfs}O@i A7 I3 wHAb 9%k ZHA S wA s
A% Aoltt. =AY =AE 1 Kelvin BEE ZA YEhY7]|E gt} (Stroeve,
1998). o| g A 7} shale BrlLE AsE 20009 1€ olF Az &
ato] o]-& 7HE3itt

i
El
|y
tlo
b
%

gHle] #F 9L 5 7= & 87 ol F AY, A TIE
HE& THLZ 280 kme] W3S zte ¥ FES AYH AT AAZ B F 3
o e AdFF FEL A4 AR BAR JA3td #EFHAA ¢ghe HEol|d.
Age] #F Hoe F Age= Figure 2,3 7% Ze BES xFSH EAHE
3t footprint Z7]& 19.3 GHz®] #$ 70x45 km, 22.2 GHzS| 7% 60x40 km, L
I 37.0 GHz 38x30 km o]t} &|¥] E¥X Fx AaT 25kme] F7F 3L
vzt AdEE AR HYs Table 29 2l =8 2z A8E x, v 24 §
TAEY 43S St AA AR A upg BAE Table 33 2. %
ZHel HEL BAE a9 BAE s Ty F stAd daA e v FAE
ouigttt. F AAGME FFozRE AlA HFez A HY interim P& ZA
o FWHEE L.
A7 AZHAHQ AL AR d F8e 79 19874 7Y 9YREH 19914 12
2 18Y7}X|, F11& 1991d 12€ 3YRE 19959 99 30¥7}X] A&7} 1em Fi3

44

N

RO -/

=R

RS
f

l

L 19953 5¢ 5¢ o]F£E A& #FE3SIT Ut olE AFEv 94 ¥ F& € i
g X =7 AAEE AFe s gl
A 7 AAERE 8] L EHE ANE Y EX FxE A 3

on FEE 094 100%7x9] EXE et olgd Y TEE 34 ¢t
o] AA s g oo FHED. AW FE BEX A5 HYde HI7
i 1HlolE w2 A A= o] 0ol4 100%74A9 3 v FEXE vehdo.
ol z}B oA 168 FHS SAE oultH 157%-& A9 £42 AFEI} e 9
gt 9 BF AW FE BY ARE 0%0A 100%9] W v £¥ ARE X
geict. olejdk SSM/I F8, F11, F13 9 37 % € 37 Y= £X AEE

O
o

-
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HDF ¥9io 2 A|lzdch

3. 24

B AFME NASA team ¢nEE o]g3le] EA® DMSP-FI3
SSM/1 2t8& ©]&3te] Figure II 5304 UERd vle} Zo] H3s BX Fx9
M3E EAsIdT. 9A 959 48F s 3o waE 243 989
199855 20033744 #H2 59§t 2+ 109, 1149, 1249, 19, 299 37 34
FEE ¥Ryt 74 29 HF Y REE Fi7] sy 429 F219 15
dg FHoZ 157Y Had Y EXE AL

A 59 5 A8M BE S38 s EXE 1299 Ehzos
Aok AFEA Az 297 HA &9 o2 AdWsE BEYd (Fig 1
9-4). Y e REE divich & AGER JFE Wl RA & E9
Weddellal 9] 79 2003 19 s FH7 & s 4 mnjsigen oF
19999 193 wwshd FEgsith (Fig 11 9-5). & 9323 sl Ags 2E Y
AX T BFE HolAE ¥ 98 S0 224 Y AFE de 49y
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Sea ice distribution in the Southern Ocean for the past

5 summers

Abstract: Sea ice is one of the key factors known to govern the distribution of
Antarctic krill. Sea ice distribution in the Southern Ocean for the past 5
summers are described from the data set of DMSP-F13 SSM/I using NASA
algorithm. Distribution in the period between October to February from 1998 to
2003 is presented. Monthly distribution was obtained from a weekly average
centered 15th day of each month. Sea ice distribution in the Southern Ocean
displayed a distinct seasonal pattern. Sea ice starts a considerable retreat from
December and reaches a lowest level in February. Nevertheless, inter-annaul

variation and regional variation in its extent were substantial.
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Table II 9-1. The characteristics of DMSP F8, F11, and F13

Parameter DMSP F8 DMSP F11 DMSP F13
Nominal Altitude 860 km 830 km 850 km
Inclination Angle 98.8 degrees 98.8 degrees 98.8 degrees

Orbital Period

102 minutes

101 minutes

102 minutes

Ascending Node
Equatorial Crossing

(local time)

approximately 6:00

a.m.

approximately 5:00

p.m.

approximately 5:43

p-m.

Table II 9-2. Grid dimensions (column, row) for each

channels
85.5 GHz All other channels
North (608,896) (304,448)
South (632,664) (316,332)

Table II 9-3. The locations and distances

points and midpoints

of grid at corner

X(km) {Y(km)| Latitude (deg) Longitude (deg)
North Polar| -3850 | 5850 30.98 168.35 corner
0 5850 39.43 135.00 midpoint
3750 5850 31.37 102.34 corner
3750 0 56.35 45.00 midpoint
3750 | -5350 34.35 350.03 corner
0 -5350 43.28 315.00 midpoint
-3850 | -5350 33.92 279.26 corner
-3850 0 55.50 225.00 midpoint
X(km) | Y(km) | Latitude (deg) Longitude (deg)
South Polar | -3950 | 4350 -39.23 317.76 corner
0 4350 -51.32 0.00 midpoint
3950 4350 -39.23 42.24 corner
3950 0 -54.66 90.00 midpoint
3950 | -3950 -41.45 135.00 corner
0 -3950 -54.66 180.00 midpoint
-3950 | -3950 -41.45 225.00 corner
-3950 0 -54.66 270.00 midpoint
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ZAMAE o] &35 HAFHYA AT HE BAY gEo EE AR YA
TA @Fo] o]FoA F glus AgAHe] Aok wepA, Al - FEHFH Aol FHL
AAGAL] g A AR &&o] HA Fasizion, o A4 Asde #
A2l CZCS (1978~1986), OCTS (1996~1997)s} &4 AMALEl: 9lE SeaWiFS (1997~
&), OSMI (1999~&A)) So] .2, o] ¥ MODIS, MERIS, OCI, GLI 5o
A FHAsHA AFEEHI ok ole) FE FHAF A s FHL A
GHYA GFET ofde} A X FHolx, AV HFAEA Wslet 7| FHF <
T SHAME F&3H o]&2 Aot

E Haxdes vt NASA SeaWiFS dlo]e]4dlE] DAAC (Distributed
Active Archive Center)o] X A 33l Level 3 SeaWiFS @24 A8 & o] &3t
A NASAOA Al-Zwe= Level 3 G424 A3+ ¢F 10km x 10km HFEE 7}1A)
™, 1997d 942 E HZ /Y FJAAAY A8V o] & ket ol A=<
A AA 454 e T YeH, o)F F B AT EFHd %A, 549 a7
fgd 4H T AS5E A 45 B

2. Mz 3 4y

NASA HolE{AlE oA dojzl 4F T FE4 Level 3 RAEE A AA A
o 484 & T Jod, o 8ust Hlo|E A9l HDF £ Iz 74
5o} SeaWiFS A8 AL X8 T2l SeaDAS AolA] AFEA & ojnA A
Aol 7bssith. B AFoMe olg AuoA B4 g 5 Y, &, AL,
gxAoMy F, 2238, Tz, GHAEHETE T ez U HES @
S 7zt Y4EE FEsgen, 4389 AEE Matlab T2IYG 083l t}A] 7}
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T Y3t €7 X 9 A7 WIlE fEdsy] 93 2898 yasigo.

Fig. 11 10-12 19984 1€ 9] 505 o]s} FIafe] 24 BXE HoF
A EM“ @-ot A, 228 SR A FSUE AAHAAN &
"—12 < €& gol Uy . =, =#Hola HPH A=t FEs
—‘l°i 2 TR 954 £XE Boln Uoh. aHelA, HA A
T 59 7N13xe] FA EAY F o3 ”ZOI Ad HFozA,
=3 Adsie B5 dF Wil 82 <o 8 s # Hv o AgES
Bk X3, Fig. 11 10-2& SeaWiFS @& olu]A]q A}%%l_ ARHAE Ye

Fig. 11 10-3 ~ 12& 5719 AFsgdE M 3] £ YHT SeaWiFS gE
& X ojvjAEclth. IgdA, 4% AdAREH LEFSE 1€9~128< YEY
o YA & £ ARl A tRE oA 5~8€ A7dl ejgnxrt @
olx] TFo] o]FojAA] Ut AHA AXLE FSE dMYols I3 dF HY
g4 3 mg m® ¥x o4 424 #= Yehlz et AMHA FFS
b3t &oldte g MAHHE 371A A s 1 o] g ZE EE HA:x
FoH 02 FANHZE 243t

)

HAA7EA 19973 9L FE 2004 1€71A9] RE 9FF #2859 Has} o
Zojzol, E BuAdAE NHBAA E Ao 1998d T 20033 A7 4
o A8 53

Fig. I 10-3, 4¢] #d s} 6H@H AL, REe A9 o] B fyom
A8 BSHA7E Al AFHA S-S & F Ak 53], 1998 el HlF] 2003 9
73%91 O Ax7 9 Ags) A A8E €& 4 fAJT o] F 2003 193 12

& FFHYATY BT A AT 1639} 173 AF A|7|2A & o] uls]
’Srtﬂ?ﬂi fdol w- He7tA] FFH UAAD 712 @F2Ab JAME of
HYE Aol AN AZIAT. AT AR el BAG A d5x ¥
EE AVEY, b g3 Hla] JdFeE & 454 $XE Holed, ole
IS AgH Mt deol S gAY HEEZIE FH A A=

0
=°{::"
F-L
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Azre.

Fig. 11 105, 69] FZxo} &9 G424 BETX:= 2L
B 2L 3 4974 £ 954 $E9 A7} 47147 §4%
A Bge Avkd AY WML MEROY EE S Gthie Ade
w224 2olg Holm AN

Fig. II 10-7, 89] G4 EH=TE FH 99 ¢
=gol=sy AL 241%2403 EE A7 ¥ v=
X Wy asl-As] ZAAXT AFHoE & FE4L HFGo] BHEHT 9
o}

Fig. 11 10-9, 108] =23 so =38
AHo s Wy BE ola Hd YIS
wolm YAt

=

Fig. 11 10-11, 129] Z2iRyS 4WEE, 7 A48 FHLE #¢
g2 ¥E7} 12958 39 Aol A48T Y90w, BE s 499 7
o s @ 47 AAZ FeE Aoz BAIYck

=
K
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Ho
[la]

H 11 &2 36 sl ¥o| SA 1

8

=
=

8o Y H} AFLE IHY XY F& Feste 7H T4 AXNF #Ha
£ B3 A8E 5T & v Aotk A2 59 53 s

I 454 BEX HIE I AY FH £2d 899 #HAAM @I EF F
S wet e o8 € Urt oFo] HY FAHLE Y TEG P k=

EHE AGEo] dew o2 i/ e Tolnt. EF o]F MHdA TFAE
24 T ¥ =49 Marguerite Bay, Weddell Sea, Ross Sea, Prydz Bay ¥

HEL A ALY o]FH FF] T4 I gte Xolg A4HY F=F
E ZX g dig 45 E4E T w7 9% 2E AL FHAA 2R

sijo] 2] EX ¢E FI3e FLI 2UYL A7 EHAM AE
Hom Hzd A7 AE2E Fi) X w3tk (Smetacek et al. 1990,
Kawaguchi and Satake 1994, Loeb et al 1997). & &4 AEFL Holm HF
T 242 483 ZEdA M o B384 F9 shtolth

g AdFTH BX7) dfinig & Fo2 s F A e o
A AAAL di= d48de] HFo A Rz FF}AT (Hewitt et al
2003). YT FEL HEFL A I 4E I3t $8F 209 AT
A4S Tl FA Y AEE de Aol stFdth H
& A5E FA A2E A FHE 2H3e 8o

T

o9 Y=L Exol SHI A

2.

%

Y BX7F TR Ad S BYL oA oln] A A Zolt} 5
ARE RSHE W ojd XHL AL Yoz do QUrh qFde AW FHY
g7 =259 s EXo dWFdAx EF3n oF Jed JZE drEdEn
Marguerite Bay, Weddell Sea, Ross Sea, Prydz Bay F°] ©l& sl 2% £
Aol we s wrolt} (Fig. II 11-1). o]E gL AYe ojFojAY & & AY
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Aol FFH olFel T4 dEL T Aoz Az
2 5432 A5 s T I g4E54&

7i7b Rt Aot Y FEI AFH 5L AEFY X
=) st 718 & 29<do] HFAst) ol Weddell 319} Ross sle] o

H d84 EXE MW A A @A nEstd F3EA =edd
(Fig. II 11-2, 3). =4 AEZFY #WE F71 Hol AFY 580 A= F= =
& HXg o]lFH Lute] 7ot AFE Ho|R| Alte] AFslAA =4 I
27} Al BT b A dE5d 454 EXE AuiEe AL Wy
FEz wlrk

T oA AFTHE HW JEe} 53] AFH =5 APste A

g (G Me gAged o] 454 o] =& AL B 4 Atk Fig I 114%
o] o & A A g HI F=3o) A Marguerite ¥+ Weddelld] o)A HojFa1
ATt

3.0y Z2EX &5 AT

8L AFd oA AdHE nXH HIHE o]Fde ZHoE dEAR
ATt (Hewitt et al. in press) Hsle] who] & FAHozZ ALde sfn
dgde o] EYUTEAN =EHT 1k d54 o] 2AHEHE
A3 W2 olFdte I A o] FAA 24X 2 7teAdel vk © 5
o] 28 MATY FAY FF T4 9EE & JtsAol =0 FF o)E
EX goA il T2 EES Q5L 2 Fold s AFLHLE ¢ AY
& AF 4ol ofFolHthd oyt A4 w7 YAF} o] AFo] F 2% AMAA
2 38 AY FHAA I ste g dis) olsir

_‘,
ofN
o)
e
PO

o
fu
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N
el
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Concurrent examination of sea ice and surface

chlorophyll in relation to krill population

Abstract: Sea ice and surface chlorophyll are the two key variables most likely
to generate the variability of krill population in terms of distribution and
biomass. Monitoring of these 2 parameters is routinely conducted using satellites,
and satellite data are available to describe the variation of these 2. Variation of
sea ice and surface chlorophyll distribution in the Southern Ocean for the past 5
years is concurrently examined in relation to krill population. Some coastal bays
are regularly and predictably covered with sea ice and exposed with ice
re-retreat during summer. These areas normally experience enhanced chlorophyll
level. These areas, Marguerite Bay, Weddell Sea, Ross Sea, Prydz bay, may be
critical for maintaining and supplying krill population to the rest of Southern
Ocean. In-depth analysis of these target areas will improve our understanding of

the mechanisms how this is maintained and the roles these apparently critical

habitats play in governing krill population.
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H 12 38 x2le o]z zg|

Z£5: 38 AYE ol8T F Ue u¥T Jle /do] AxdE v Jon A
el 3000 de 537 48 v Ao 3™ A4 g SAA FHE F
HHOE ol&she 7l HIIAY AR AR L2 GdF FAAH dde=s
ojojd 7hsAdel Atk A ¥l FHEYFL A AAY ndg Ta A
g A% Yoyt 2AEtA] FEE AFsA ALHT k. 23v 28 Ad9E ©
AAsHA BEshE, TEUNAA ATHYA BEZRA =4H7) AFsa ok
q7lde € A #E dAE o Ao AEste A s8dFe o #
< @ da] Yre AEe] 2FHT ol ¥ AY o83 BEE HAY 7
T 5= I XYY AP FHE T3 AL Ardn
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2749 B FAZ YAE 49 2L Y AFY vy 4%
dolgte 7IHE wgton 295984 o2k dFd AYFL (Ross and Quetin
1988) W3] A¥ AL 7P & vy F9 shtoln ZHoA vl Agez 9
L€ gt & g & o]f e A f&d o¥3y] due RAx & A4 shewl
shitolth weld Y AYE AFog o)L & UL AFJE Ve A A
£53 9t} (Joseph et al. 1999, Jones D 1999). =Y Yl o] Lo] AL ojulsiy
aE AgE o] F e VIR of¥ o] ALHAEA ZAG

2. 38 X9 o8

A A9 FHE EFsL EAe A3 do} Utk 2E Aol o
F ojgoe] 7led ¥ AHE F /R shdde] EHE wd AdstE st2evte
SUEE OFE § & Uth BEE 24 AE W& w2A A4, Fdzid 3
g HaE & B4 FF AR g4A A4 & de AFS s R
E AEoE M ARE AF LS A AEFE AAG AL FE&o] YolAs
A7 A ol A= wd 95 Zd B oflg e 2¥d F
Hg8

a4 oy 7k Mg TR & 95 32E oY AEL uFE ALE,
53] ¢4 AFRE 290 Ad 10d o] dg A 109HE A=7 A=A 4¥
o 53 olF 717 & od=L dEeln 1 HE ¥, YU Fol dx I
T} (Nicol & Foster 2003). @z Z¥ AFL A WF (46%), A5 W% (10%), &
A& "7 tail meat (10%), 28 meal (43%)9] HlFoZ A4tsElx Qltd (Nicol &
Endo 1999). AzAAAAN F&L& WEo] 80-90% HAE WM meatr} 8-17%, 2
meal®] 73§- 10-15%¢) o8t} &= W& H|F& F2A AR} 43%, HAl w77}
45%°18 LEAX= F 12%E Y HE&dde AEE E¥A 3o (Nicol &
Endo 1999). 4&7 vt TAANA EFolde] FRA= EQ vxA] XA R
Euphausia pacificas 02 e ool Jon G At ojdY 2 50% o]
o] ¥ vl7]&2 203 3t

dxz gz
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olA7A ALE ZE &E V&L wW¢ gt 8T AE 42 =W
Au7]1e] AAL &8 (Tenuta Filho 1993, Anderson et al 1978)3} A Are] -4
& (Dolganova 1994) A& Fo] 3t I Yo 3187} ¢kF Qg2 &8 (Mekkes
et al 1997), 71¢€l, 71 EAF A EE o]& (Anderson et al 1978), A AE7 78
& 8% o]& (Melrose et al 1995, Makes 1992)2 & & Uth E3F 42 Alg=
A9 4% o8 A8 9359 °l Ut} (Storebakken 1988, Anderson et al
1997). 2 F& 42 AR W3 sav F7M8le bviY FFL BUAFEY] Wi
(Rumsey 1993), = Ao HQA Hio] g 871 S7181HA AA of2et=aidd
AMAE S 22 AFo g FoE AS FAE AZdelth GEtA dAxe 2
of FHAERE AEHE &=Vt AuAHA A FAE FEL ALE g B
Ak

agels B3t 289 AE3tet ojdd dig #AL ASHI o
(Budzinski 1984, Griffin 2002). 22 o|gjo] = FyachA e e e =
d JsAHLe stz oivl FFsYge FF =Y Euphausia superbazt R WA}
2 Zojtt. 239 At AR A AV obld AL A A9t vlad vu
e FHLEC] ZA AETdHe F& dF YR E FHo] glude vd A =¥
olddo] F Fuje7] Aol HAS #e] AFES FH3le BAe A3 A2 #AA
Z g Aot

H 239 Atolel ZdE 71 @ol ogstd dEo] IY ojgFo] ofF
FE F2A7L EYEE 19 28 ddxo® FAEAT ¥ CCAMLRO|
dise 7d 28 JYFL AL 51 den FAFA 24 Age] AAHT Y
89} A H2o] o) 10%ES A @A &W ZY AFo] IA |

2
=
fu
Ho
+

2d A9 B} oJeH B 237 ARF AL 19909 2ol @
& 9t 2Ye te FolA Holz olgHE AL WS 27 WEd = AU
59| Zo] 7] YEC] ATAY AL¥ PHH A (o, ANASALE MSY)
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< 32d2 FHE3he AL FHde Aol AWMAHA ool HU Y x4 &
g€ B9ste AU SFH GV EAY BEH (CCAMLR)o] ¥ oke] A dw
2] 9RQ ‘Al¥dW Y93 (precautionary principle)’ 3} ‘AejAH HZ (ecosystem
approach) & 7A|s}st Y FLojgF vd (KYM; krill yield model)g #AjA}g
AL 1994d 0] o2 At (de la Mare 1994a, de la Mare 1994b). 2Y 3]-8o]
373 2d2 A AA7 22E 7hsdo] ol= 71 olFE uj$ BEE o FPx
T Adstn = IAAE AT YoVt BATHA FEE AYZEE A B F
R @ "o F sta AT (Fig. 11 12-1). o] AL AESH HFro B4
B A5 FE5E AASHES 30 wEAHQ HAFE B APS 5 FEEF 4
S &t Utk 289 HEAHF Y Bdg AT Yol 2E RS
o] ¢r9iet AEE FF XM A&FoR RUEHSE T3S 7} 3YTSo)
$IHEE 34T} (Agnew 1997).

Ad9 o YFe AFs AASA Adste RAA XA ¥k A
g oA AQE YA Aol AL F e FEFAEL & ol Helgtth =¥
EAAeE 2 oY Atololl MEd 8 FES A6 AE 2E ool A%
o H2¥ £ Jv AYE AFdde T4 0dd ZNEE Critical Period
Distanceg}+= 7' 22 T334 TE (Agnew 1992, Agnew & Marin 1994, Agnew &
Phegan 1995). o|F =¥ ojFo] HA TAAEY FAA e 43 Azl7t Aok
= Aol RAFHY (Ichii et al 1994, Ichii et al 1996).

A 2] o|YgFo] Argtr FL AN JFHLE Yojdttd X4
2ol Bo] 89 =¥ F Ude AZAe 2Y 3§ YFE AYFLeE ¢ A
A Wrold @98 A&, wigsiof gitts =& oot o|u] CCAMLRE H
d AdY By g€ AYHez AEsden (Fig I 122), & 3§ o¥g=
ole] mzt ' AoFE Bt

Qo E A&EE AR qAEe AEe 2E 22X e, A T
e Belol= Fxge dAs] ¥ Al dE e JFeE Hde Ao
(Constable et al 2000, Constable 2001). ¥ =¥ A1 Fej7} shFe73 Wslo) 2A
A¢Eoe Aol AW A (Trathan et al 2003) sjFB73 #Wat FA] 2 B
Aetsjor gtk Aol AdA uFHL Utk F AU BE B ole A
Hd e BAE 23 e dE e T AH, 23 S W32 8
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Y A4 o] &o] AFE Fx Sle AHolt} (Fig. 1 12-3).
4. 2 &

2% ool AAY A oJFlA HEIYFL BE 2 HY 2 7
27} o 4z4e) ol2i @ AN Adolth. AAY 2 AP FAYL Agal
7l AANE AR AR AT AL o) g JhA AAEAC) Atk GA Al
£ 299 549 Wed 44z Lae NS ASSA 14 Heso ) v
2ol AAY) 28 2de Y5YuT A4Y2 A Yol o 27 F9IY @
A T YFI A% Ao AN AT BRI £V Woln 14 A2
RABY FFL BE FAFE W4 AT A pae Aol 2Y YT Foe
A8l Bastth TF £AY, WS TPHE FQ B, 43 49BN 4R B8
ol FFed Ed B9 ol Ul A7 GFe AFL I5T & A= FHA Ve
B7A Age] 2B ofhe] AAYEL & Foz AMY Rolth =@ 2D 4
B3 S4L 2UE TR o2 P AL olF FUI] 5L B AU
J Bed £9 £ RBYs oo} Pk,
29 ofgle FAY 4Y Aol ZAE AYRE 2H9 AP H1 9
h 28 A9 ofo UE A% A AL BAHLZ el VAL IPL ¥
A ¥e F Ak AFY oJFgo] AX FgolE BRI oy wee] PETE 7
Az e dYez SRS st ARE B2 & Atk ot FF 24 &5
Fg4e AN BFoE WY £ Utk 2Y FAYL WAL + A
el FuEs] Aol JYBES FEsA A B AAZ 1D 9Yo)
Atk Wk ohet olE WdIsAA 2AE Aol kg e ANL Ao F
9oz g & Aok HYE ne el @ 2D AF7t Bastc

o AFNN RA ANY o1y %Y Fy3t 2 oo MALE A§3
£ A 299 9% 2 2o 29 AU WF, VAR AA FAAS £4 F8
Axel 2AF AQ I A A £ A 28 4G FAY 8
S 2Pl FHAAI Aol ol FolAA Fo™ 2 A7} AW AL BEY 2
Fol7t @ Aoz AgHt
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Utilization and management of krill resources

Abstract: Previous efforts to develop krill resources and current uses have been
tracked and analyzed. Trends and evolvements to manage krill have been
investigated. A variety of techniques were developed to utilize krill and this
resulted in more than 300 patents registered. A package to comprehensively
utilize krill and some of their features and marketing efforts may result in
realization of krill's potential and an expansion of krill fishery. Currently krill’s
catch limits are determined by an international treaty, CCAMLR in a
conservative way that possibilities of decline of the target population is
minimized, and also a sufficient amount of prey is left for the predators. Even
more strict management regimes are likely to be brought into place in near
future. This includes subdivision of management units and re-allocation of catch
limits among them. The status of ecosystem and predator fitness can be a
criteria to make management decisions, and this is likely to affect the harvest of

resources.
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AMe ZAAZSE SBHY ARE e A dde A9 Wi gtk 25
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2. f2ltl2te] 38 ol It

2E o gFe 7 AHYET F8 oFFold A 50% ES Yo Ax
JAT 7 AHES E& o]F A 1547t FF3&E ALstie 108 EdA 12
g E AlOlE o7ke £EE AT B o] V| B¢ 6% E WX 8% &
S o183ty 19 olg=x9 AAE fAS fon E dEo] Y 7 F F8H
e AL F €A Aol 2y 20008& VR dBS HAHer 2
Y oggFS Syl NFARNL ol 59 I8 AgF Fhet A9 AT
(Fig. I 13-1). s2vtete 2d AFE 19 I¥ ojd=o] HALH 7HF FHZ 1Y)
o 47 EL oYU YE Y oIF Z24HE XPH F9 2ALE sty
28 24D 71 43N 137A] 2 D29 HEFH 278 F4F 7190] Fos)
o 17 7199 2@tk AEEAZ B o aFd FUME ofd8F &9 ¥Eo Ue
F AAT HA JgFE 2 W Fo] A GRS EWYEH R o= AE
A AA ojgF WY A oJgFo] o= AEwETy ¥ 5 Ao A=
a8 o€ AAFSZ 433t F7t 28 E oY=yt EfAe Ao o
g3 & Jdor o 38 FaAA Yol AY Y oYM && MM o
I ol AASE A¥oR ddET

2Eug 28 oY FYFRd dEiME EHE 4¥S 3] oy =2
do| A1 714e] &eA UA F7] WEUdE AAZ Mg H2 *?—Elb}a‘r«] 18 7]
29l 49t B9 2d o] 4FI/IA (landing price)—Q- 189 1,000 €82 & Eﬂ
oF 4009 Y] 7RO Agelgtn TRE FAY £ AN IE oYY HAAE
oABA AEseA =g FAA deA JA @k &Y F-AE Ho ‘#"]4
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Aoz gudd. Vst 28 240 A7l Ade U WA W7 AR
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FH FAHer IE &HA7 2 5 e 718H JIED dFeh AR
SN 138 7% AFY 8 FUs @4 H2 2 9s¢ A FRHU
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28 A8 9 oJR(fish meal) Alolo] 714 FA 247F &S X A
olth. T IES FAFAA TFEA A ARE TEsiE e AETL A
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Fig. II 13-1. Krill catch statistics of 3 major krill fishing nations for the past 10

years
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=8 24
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Y (Euphausiid superba)L HAAFE Aztolrt dult} ZAolE ujrlz
Aol AAFEAN EFAFHLE v F2 HEAY ERIES 2 A
Hohke F TEOIT. olEe AT Madd A EXsm gloy F2 G2
sfoll A @o] AHL dow £ F, oF, LAF, vitAFY F2 Holv}
B A7 AFT2EY olgxe 18 ¥A ¥ou I BEFLS 10 - 30 JE
o g3t flo] (F4) MEL AFAUeZAMY AL 7E 2. dA7A 9
FE& 52 vud 9o2X JHNd FAYL Foigoy A= a9 Fd 9
o7} ¥ ETFIAEclTHE HS WATTY LYEFIE OdF FREH dE A
o2 Hiuso]le EPA (eicosapentaenoic acid)l} DHA (docosahexaenoic acid)%
I EXARe dHo gAY 7MAE Frha ALEET (Omega-3 fatty acid in
health and disease).

EPAY DHAE 3¢, 33 T A, =R 59
g BE84e Hole EXs AAeRA BT AFAV 7HEdEta AF AE
Z2AM ARgo] golgta FFEo] glerng HUW o 2 X5 T /te4S
Holx At}

A £EBAE AFY FE A dR1eEE A, A3, AW, =3 58
g 7 AsH olE F AMEY 4] He FWe 1¥Y, 79 A3 HEF A%
A% o &3] Aol HA#, 9, AIDS, AEH TR 84 ©e 89lo] Hum
Atk ol B AU ] WA wet HAA F AP AR vAE
gl ¢ AW oW % B We BFE 7 AFoE =FUAFI Frhe
22X kdtd AA 78S e A7 SUb wE Fdy Aol g4 Uk

ol&|3F Ao A ] Greenland Eskimo oA o]¢ & HIT 9] £37)
ol HAS Fd FE24Y 9Yd TIFYLEAM FE FFE ALL HHH fde
A3 ARANA FFE A dF EdEo] Ue n3 AE 1= BE3} AW
(Polyunsaturated fatty acid, PUFA), 53] EPA (Eicosapentaenoic acid)®] H&&
Y95l Dyberg 59 A7 dde FH5E w3t (Bang et al,1971; Bang and
Dyberg, 1972; Dyberg and Bang, 1978; Dyberg et al,1981). &, F& A|¥Ho|mn=
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o 4yt $HE FE 99F 2 Y FFYLE o)LL AT FHUANAAN &8
71 A7t F2 A dAdYE diulisty Fd Ao Foo] 8] FAE TA
A71e7} st FrlEe EAE A7) A% &AF A7 Eskimod] ¢ &8
Fole] 8 9Udez AEHI gl cholesterol®} T4 A4} triglycerided] & oy
Fgold e 100 ml F 22t 233 mgH} 57 mgdl W AF el A
24z} 273 mgF 129 mgo 2 YElgn AWAESF AWate EXREE yYeile
P/S ratio (Polyunsaturated fatty acid/Saturated fatty acid)7} Eskimo9] ¥ #-23<l
2 AbelE 08¢ wE Wld@d =919 F$ 25 %o EFE 028 JEIgeH odds
359 49 AAER FHS BEo] Usol ATt (Table I 14 1).

AT 27 EskimoRlE9] FH Ay ¢ IRl A M o f(Eh)el &
o] XgH0o] gt AeE ¥¢#A Ue 1E B ¥3 XWAE Eicosapentaenoic acid
(EPA) Y Docosahexaenoic acid (DHA) 5 n-3 A g AsL ddH U A7
&, 83 83, 34, AGEAEY A, GAE] A3 o, Fexayd 43
g XNEFTY &% Holi e Aoz HuHRY (Table I 14 2). o]d] wg}
olf2 #E n3 AY 1x EXS AMIES &, AAStY o ¥ A% AF
o2 AddtEe AR AR Ao ojFolx gtk oFZFE EPA A e
golg], 5o}, Hol T FFE A4 EPA 9 o] 10 % ol HlmF
E1 333 FARTOe &g B, E ARV ATHLE go| ol&Ho &
HFolgte AToA EPA 49 Fd 482 AMEHo fth

2. Az

gk
0%

H
[= ]
Chemicals

A o] Al8-% n-Hexane, acetyl chloride, chloroform, methanol, ethanol,
diethylether T 7] §v|E2 Analytical grade2 Merck Co (Germany)olA T
8} 3 BHT (butyl hydroxy toluene), aliphatic X}*}4}s standards$} phosphatidyl
choline, phosphatidyl ethanol amine, phosphatidyl serine 52] Q1X]d EF EZE
& Sigma Chemical Co (USA)olx T8ttt 71E} 3FEEL analytical grade
2 A3
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AA A R & AR AE B4

AolQl= krill (Euphausia superba) A8 1997-1998 3}7]d] W= ME7]|x] ¢
Marina cove 1] Weaver peninsula dHolAX sk}t (Figure 1). 2R A
kill g€ 71AZ2 &4 9T B@3Aon dry-iced] AAA BF JeHE /A
o A74E A4 ENAAT. FE %€ E4L 9 20 g9 kill A8 T2 A=x3)
o Ax FFE 5333 ©]& 30 volume?] Folch solution (Chloroform:MeOH =
21, V/V)O.2 3 3] 3239} (Folch et al, 1957). o§7]A wA HEL AAS
7] Asted 088 % KCl 42 AFEF F o] F4 NaSO. o2 wHe £
< AAF ¥ rotary evaporatorg o] &% ¢t FHE EWE AANA FER F
Aol &g F3rTh

F2d F AL silica gel column chromatographyE o] &3t A A a}
QAAToz Edgem o]fAHL chloroformo] X9 < 10 mgel EAHS
silica gel column (0.6 X 8.0 cmd] 7}3 F ©]& 10 bed volume?] chloroform
(flow rate : 2 ml/min)2.2 fZ&3le] FAHX LS 7311 thA] 10 bed volume?)
methanol2 UAA F& &3t &4 AT rotary evaporatorg ©]-§-3+ 7+t

T2 &g AASIY F2d 74 AYTe F& FITh

zZk A o AW AE 242 TLCFID (Thin Layer Chromatography
with Flame Ionization detector, latron Co., Japan)& ©]&3}lo 43t A&d

¢

solvent system2 FAAWTe 7% hexane:diethyl ether:formic acid (80:20:0.2,
V/V)E ARS8t YR AL chloroform:MeOH:water:AcOH (65:30:5:1, V/V)
& AHESATE wHe o 50 pg o AW #& Chromarod-3 TLC rod (Iatron Co.,
Japan)el]l 1 8 Ax HAHI} FA AW & solventZ= 1 2} A/ F- TLCFIDZE

10 % partial scan HHO 2 AXAo] Folgl= origin & A 983 scanningd}

of

o FA AAE AHFstE o]ojA] FY ChromarodE phospholipid solvent system
A TA] HAEte] AFAE FeEdti ol F full scnnaindle] QA F JES 43}
Atk B4 Aaes zb peakd] Rf o] Wi s} integrated areaE v]E] HA7 gk R
9] internal standard®} Bl w3l A A sH )
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Ak 24 A

A 24 BHE A8t 4 AWEe dHE &7]9 ¥ 5 % KOH &
9 (in ethanol)& 7}k & 80 °CollA] 2 A|zt T WHEAIA T3 E SAda o
71 54 (6 ml)9} diethylether (5 mh)E 7}8ld AW4HE FE3519. ol
N HCIZ pH 22 =33 3 tA] diethyl ether 3 X 5 ml)Z F& g &
gt 2" AWAe 5 % methanolic HCIZ 60 °CollA 1 Al7F ¥h&-38le] X
Wk dgoaHEz HAZFAIZ] F olE nhexane 3 X 5 mleg &1
speed-vac concentrator (Vision Co., Korea)Z FZ3lo] X3} Q ).

A34kel 248 Chromate data aquisition interface(Interface Co., Korea)E
A28kGas chromatography(Hewlett-packard, HP5890I)E o] &3l F3HAoH
AH8-3F columnd Omegawax-320 capillary column (30 m X 0.32 mm)E& A}&-3IR
I ovend] &&= 200 °ColA 433 Htt.  Injector$} detector (Flame Ionization
Detector)9] &%+ zZtz} 250 °C¢} 260 °CE HA3gth 2z Aate] 53 ¥F
Al5¢te] H|ln9} equivalent chain length (ECL) A4te] 2l AT}
(Christie, 1989)

K

3. &4 &

AH B 93le] ¢F 2 kgo] Aoldle krill (E. superba)E 1998 W@ 1 9
=A% 7] A Marian cove ZAU¥H Weaver ¥t Aol fAsATE 7 Alg AEY
Aol ¢ 3 -4 cm (mean = 34 mm, SD = 04 mm, n = 10) F=F2 FA= o
8 - 25 gram (mean = 21 g, SD = 02 gram, n = 10)°]3}. B3 E g o}

448 Kiille o)zt ¢ 5 - 6 cm7kA AFHEE B AREL "WA4% A

oy

fru
)

¢ Aoz uydrt. 54 Ax Fo| A THL F THI F U % 2 JER
ow F&2E AW 4 AFX FF 1 gram T & 72 mg/g dry weight®E e}

Roh & A AR F 29 %7k FAAY ZolRer UmA 71 %7k AAE
AoZ WA o/ AAW ol 34 AAuige T BB FIPE
BEEe AFo|RE B ARSe A% 10X FL JPPH dokn JAAAE
Feth ol £ AT AP Aol FFefe] o]Fo2 phytoplanktons] ¥4
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Al719k GRIste T oyt FEEHE AlFolgte HS AZdE vk 999
Ase & 5 Qo

F4 A FAAME triacylglycerolo] F F4 AW F 75 %2 /1 B AR
< AAstn e 2 thgo] cholesterol (12 %) diacyl glycerol (8 %)& e}
gt 4 AW triacylglycerole o8] @3 AWl FEA plankton 5 YF A
BAA F8 AZA Aoz I wax estersSt A 2L ST Y FHE
ARG Aoz F 4#HA A} (see the review by Clarke, 1983). Wax estere
vjgFo g EAstPger kiille] F AR AL triacylglyceroldl Ao =2 B lth
Ax1E  FA = phosphatidyl choline (PC; 44% of total phospholipid)
phosphatidyl ethanolamine (PE; 21%)¢] 7}% ®3t3 ©]ojA] phosphatidic acid
(PA)¢} diphosphoglyceride (DPG)7} 2zt 11 %¢} 12 %2 Yebgtoh. = AA <
A ¢ 2 % 59 F& FF9 lysophosphatidyl cholineo] ZAFHA = o]
3l Lysophosphatidyl choline(LPC)e]t} and lysophosphatidyl ethanolamine (LPE)
59| lysophospholipids E& A4 AEdAe gFHFL A o & FFoj1 &
g rEHo Ae AEL Fd A X9 AFE F- lipaselt phospholipase 5
Ad 3 Ba A4 st A JAAERFH AQFHoE HAHE A&l
B  # AN 3 9A vsd Bgoes IFHE AoE oE
Ao} o] HA] {4 7lE FHS At AEAM BAHUE 7= HiA
T

£ 47N A kiill A|RE EA4317]d] A uATEA HE A ARE
Sl krill powderE oz Aite] A EME F33Htt (Table II 14
1). £ AlgdAx = EPAS} DHAS &2 247 AA Ax4ke] 1619 141%2
23 A yelhd o] krill powder/} v-3 B X3RS £ FFde] 2
& Stz HArh g& Ao+ palmitic acid (19.6%)$} stearic acid
(124%) 2€lx 53 %9 181(n-7)¢t 54 %< 14:0 (myristic acid)7} L9t ©
d Exst Aake] 3 (181 + 161)2 136 % Ao F I ALY e
378 %<4 Y3ty 03 RE=EXEI}ALNN = 337 %2 Ve 1= B IE A4k
3} Awate] v g (REE X3 A A 282 44E: P/S ratio)o] 08982 %A e
Ux o, 28y 4 #UAHA ge A 1468 %2 vl¢ gol olE°] A2
Axe] & BA 7| Foll AgE AP EcEo)AU B AFY Ax AN

o,

+ K

e

R
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do2 Fo4d oE e 7HeAdol Ak LEEE3 AE F71F4tsl
ol ®3Hstr] ol

A krille] Agat 24 242 4 At AAZY 7 AW Fo we iR
FRHAEE FAZE EPAY DHAS £Xu oA 28] & AolE Holx &
of ol& Aol AEUdAN FEF d¥E FY3E A2E HolAE %=

flo

FAAYANAN F2 BAHE AL EPA (221 %), palmitic acid (16.6 %) ~1g)
3 DHA (149 %)¢] £AxQen AXAAE palmitic acid (221 %), EPA (20.6
%) 2831 DHA (169 %)°] #A& UeITH. o] EPAUY DHA % 03 AY
Aote] FEIF AXTAA Y BE3 V5 FYIYY] Hoe FI92 EX
AL AAE R Jod AW 03 TEBEFAYA] AHo] o] Aike]
FHE HEAY ZHIE 59 HoldA HAHASS aFm it 4 AYY
P/S ratio= HlmA o} A AddA ¢ 192, agx: AAE FoA <k 1.609)
#E Holx gled ol 9d AEEZME ul$ 52 £Fd &3k o krilly} 2
2 filterfeedingdt= YEES] AW AWt 2AHL A2 +£99 Hol AE (F2

AEG EFIENY ATy 4o ZA &3 (see the review by Sargent,

R

1976).

E Alg7F AF8 AlAH (January of 1998)¢] marian cove?] 5 phytoplankton
< nanoflagellates (>2 - <20 um)¢l Cryptomonas spp. (Cryptophyceae) Q1 ASZE
gl o™ (60% of microalgal carbon biomass, Ahn et al, in press) o|&&
16:0, 18:3(0-3) &1 20:5(w-3)& ¥ TEE ¥H33 v} (Sargent, 1976).

Y g

o

4. 1

]
02

A Z2Ee AAZ B Y AFERE I ojFTEFS il F &3 Sin
F=58ld Heae ¥ VA ddFY $8% @ FES olFx v E EPAY
DHAE 2 < I viaolv 71AAMEY &AL TRE AY REE ALFo
s ARE & 48R ded AA, f, AT To= DHATE &9 omega-3
Aate] £EI e Aot @AY Zo] 7 LHYEA AASA wE
T A=A AAH e ABAA FFolgn e dole FEHY P
olv]AZ oyttt  wetA @54 ZdeA #EE omega3 AWML FET]
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FERE £ Qe AdgolaEtn AlsdET. a8y ol AAE AFEFI=deE ¥ o)

A EAF A71E & Atk

AFE o] AL FHY EY REFS &

A48t 71e8 AR AYFE A&Ho =

71&9 olfde tE advte T3 yo] FEHUEIN?
A &5 =& v Lo] FE}E g 2002 FL3A ge?
AU Folg F AL HA FE F As oF o Hisd AA= FFoy

FABRRNA o= FE feP BE 7HHD 9

AN L

A E7HAM dA =58 7 ARl IFolU Holgde FudA 1 HA
HE 7 3le oFTsluelth o|&2 2 ol & ARPAES FH3n o
ol2 U3t HA FHdn 2 E/Y IAZ JIste AgER doh 28y F
Aot I=EES APate] FFelMe AL Hlste] RG] idn AA
Aok @A I ALY 2AA ¢ BRE FEe Holn eng IEEX
AT 28 e 4A &2 AFeld @A2Me 4t wEARHA @
H 24REe AA d- A2 Axdd F5F o AFdez AgH o

YL gy, AP 7 H4FALEN THeAdH TEEXEAYAL

o

e YFoE VB HEAFE e 154 4FORY A At Killd A
P 24 BT F oY b FFE AN APL 24 Bo vad e

of krille] AA Aato 2 e EPAY DHAS £ AAZF Foidez HHE A
o2 gAY, X blood viscosity XY HBF deformabilitye] X g 1=
EPA7} offrol] widte AN 43 X8 EHE Holn Lo ¥ FI (Singer
et al, 1984; Terano et al., 1983) 1997 d¢|| ©u|= FDAZXE] EPA ethyl ester7}
hypercholesteremia disease®] X8 A& FQAPo| Wl &%= EPA A Ao thd &
L7 g5t 3o ol EAEC] HAARE FF kiill2 03 AEEXSA]
Wsel &3 FFEol € F As Aotk wEA 2 79 23 2E9 o) &
Wo] I old wet A FE P e AZEZSALY F9
AaHrt & ALE Alg€H
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Lipids and fatty acids from Antarctic krill, Euphausia

superba

Abstract: Total lipid content, lipid class and fatty acid composition of the
Antarctic krill Euphausia superba collected from the water of king George
Island, Antarctica during austral summer of 1997-1998, were investigated. The
overall lipid content of E. superba was 72 mg/g dry mass similar to the
reported values for most temperate species. Their neutral lipid of E. superba
was 29% of the total lipid and that of phospholipid was 71%. The majority of
neutral lipid was triacylglycerols (31.6% of neutral lipids) while phosphatidyl
choline (44% of phospholipid) was the most abundunt in phospholipids.  The
quantitative composition of the fatty acid in E. superba show consisting mostly
of the saturated 16:0 (16.6% - 22.1%), along with the polyunsaturated 20:5(w-3)
(20.6% - 22.1%) and 22:6(0-3) (14.9% - 16.9%) acids.
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Table II 14-1. Percentage of total fatty acids by types of dietary fat in Eskimo

and Danish diets.

% total fatty acids
Type of fat
Eskimos Danes
saturated 22.8 52.7
Monounsaturated 57.3 . 34.6
Polyunsaturated 19.2 12.7
P/S ratio 0.8 0.2

Table II 14-2. Reported pharmacological effects of EPA’

Anti-coagulation of platelets (thrombolysis)
Lowering of plasma triglyceride level
Lowering of VLDL and LDL-cholesterol
Increasing of HDL-cholesterol levels in Blood
Lowering of blood viscosity

Lowering of blood pressure
Anti-inflammation

Anti-tumorigenesis

Essential nutrient for marine animals

*; Kinsella et al., 1987
Lands et al.,, 1986.
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Table II 14-3. The fatty acid composition of Antarctic krill (Euphausia superba)

collected during austral summer 1997-1998.

Content of fatty acid (%)

Major fatty acids total Krill Neutral
powder lipid Phospholipid
14:0 (Myristic acid) 5.44 6.85 5.32
16:0 (Palmitic acid) 19.95 16.59 2212
16:1 (n-7, Palmitoleic acid) 451 3.35 3.12
18:0 (Stearic acid) 12.37 1.34 1.03
18:1 (n-9, Oleic acid) 4.07 8.28 5.44
181 (n-7) 5.25 5.83 5.54
18:2 (n-6, Linoleic acid) 1.69 2.06 1.99
18:3 (n-3, Linolenic acid) 0.71 3.48 2.89
18:4 (n-3, ODTA) 1.10 7.01 5.19
20:5 (n-3, EPA) 16.14 2214 20.59
22:6 (n-3, DHA) 14.09 14.86 16.86
other fatty acids 14.68 8.21 991
Saturated fatty acid 37.76 24.78 28.47
Polyunsaturated fatty acid 33.73 47.49 45.53
P/S ratio 0.89 1.92 1.60
85.32 91.79 90.09
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(a) Neutral lipid content
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Figure II 14-2. Composition of (a) neutral lipid and (b) phospholipid of krill

TG : Triacyl glycerol, DG : diacyl glycerol, C: cholesterol, CE
cholesterol ester, FFA: free fatty acid, PC: Phosphatidyl choline, PE
Phosphatidyl  ethanol  amine, PA: Phosphatidic acid, DPG
Diphosphoglyceride, LPC : lysophosphatidyl choline, UI: Unidentified.
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H 15 # Y= o+ (Notothenia coriiceps)®4l

SERMEA 24 o sy

L9} : Notothenia coriicepse =7 W2 B3 olslg Wgrle =89 a7 v}
o &l MAsdA I @73 HSsHth weEbA, o] olfe AL Heo T
& B3 F5F 7ies He FHAE LA E RoE AZEY. B AT
M o] olf7t 2L e FAAE T ABITHHoE &8 71T FAAE S
3t7]1 $18 oA EHEHE KA dolHuolAE FHIIFeH &4 FHAY 7]
58 FRAA dolEuola HME E&f §535tJth  Notothenia coriiceps®] roll A
F2% HA) RNAZRE DNA7} §A4=51 golugerst ¢Solzch. «(DNAE ¥
She ZFEEA 1111709 &dF-H2F Ald2 (Express Sequence Tags; ESTs)
7b FUHAT. Lo AlgEE f3A dolEH o] (GenBank) A A, 7%
ol ¥ {FARY FTHAA 235% vIEEZE=Her {FAze HEHE /A

8.0%, mlAY AMEL FHA 685%% TAHADL. VTS FFE F Ue FFH
A& FoA AT &&o] 7ted ALZAN dYP S7AAE FH4, g
R, dHHE FrgRd f34, dEF #3% 29eAgRd f3A%
£ E F AT ol fAAE 9 AANHE o] &t Ed FEY

5

ol 7s@ ZolH o 2A2M B8E F e AT

ok

Bl
=
o
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gt B30l MAsE oJFEL -1.7TCY -18Td o2& FFdME
A F3 AARALE KA EFE AL Utk BHE {9 Ade o
SE7F 07T A Yo F/ 5T oFst AYY olg LEHET 2L
dix & # dde AL FAAEY IS Bedesrd FEs4c.  Dr.
Scholarnder & H53] 2o A4ste o7 dYE A B I & o
t 2E& UEFe 4o ¥HE AL ¥Weln 1 EF& AWWH EF
(Antifreeze molecule)o]Ztal EFth. o]F ZAW WA EA g B2 A7} o
Fo]xthr} 1971 vl Wl v 9] Dr. DeVries7} 3t 3F(Notothenioids) ol 4] ©]
EAY F2E WIA HA

AR 2L T =AM wEolAe AR gEA Utk AWEA
AL AF7A 4 FR(type L IL I, IV)7} &3 A Aok &5 d79 dFo=
42 Notothenia coriicepsol| M= AF7HA & FH7H ANHA EHo| ¢eA UL
H ol e FHAE 1FHIF g Uk £ AFE o] oFV #Hx e 2
W B fAAE SAHCE G EHAAN AzHJY E=E, 423 44
2 olge & FR/Y AWWA EF fAAE sbestd #EeE 1 AEsth
aF, €A fARY @7IMEd 2AsMY FHELIHANS(PCR)LEZN FH
AE R A= g 2y, o] FARY] WE-Eo] RIETEE o|F oA
Qo] FFELGAHS o2 AAES dud AHsHTt. LY ATdMe ¢
ZAqA LEEE A4 AAE E4ste WHE A, T 229 DNA 2
olR# & TEI DNAY Gruide dFo g EAste LHFHA dlolEH| o]
2 (expressed sequence tags, ESTs)E & ¢ 3}t

FAA Y] dF E40] &ol3iA B A AP IFTHIHANA B 2H A
FHAHE FAA AAE BAse WA ESTs BAyo] dy] 21tk o] Wy
FAA MG 2 Y&l BEIHHUA JMEEd e E mRNAS T3 B
E £AE DNAZ TE & 12 9471488 dFes BAste Wilolg. & 47
dAE FF T 7 2HqA AA RNAE 533 o|=23E FH DNA o
B & wEAT. DNAztolBgE e & Z&A DNAE i o 5FdA
AlgAstd @714 Ee Z2F3 A
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2. Mz 2 Hiy

7 A2 A

Notothenia coriiceps A E& F= AF7]A AZ 2R oF 308 Ao 99X
g AP TAA F vy 24 FHAAM FAR AFEAT ARE T Aolge
@5 H7E A4F4AE JHA S BERE AMstn FA] ke BEsle g3 L2d 14
g & -70C Deep freezero] vl2 H @A 7+ 2Z o YRE A RNA =2
o AHg-stAT. B dA7olA cDNA #tolHelg] A&} AL83 Age 9€o) AR
g Algolt

L. 43 di7# 25 A BRNA =&

ZAA RNA®9] F&& $3l Trizol (Invitrogen)& AM&3lgch 7+ 27 <
700-800 mgs& wwo] Trizol 10mio] Px1 ¥ =2z 9A3 B}
Sample-Trizol &< 10mle 10719 1.5 ml FH o] Iml¥ EF3}51 chloroform&
7t BH 200 e 2 F A etk RNAS DNAY @ ds 2esls] 935
o] &g rlolazYAELIE 4T, 12,000g Aeio]A 158 ¢k QAR
AAEEE FRAA A5 ve & 15ml FHE &7 99 chloroform &%
HFE HEFTE AFEE NMEL FHE &7, RNAES JAA7)7] 98
isopropanol 500& Wi W3] 4o]F %, 4ToA 1087 12,000g2 A& 3
ot FE uige] 2 RNA pelletg A2 317] $35le] DEPC (Diethylpyrocarbonate)
2 A B2 343 70% leES 1ml ¥ 4T, 12,000g2 THA] 1087F YAE
g3t JdEgeS wEHEn I BES] A8 oAl 70% NEE Imle FH
o ¥i RNA IJHEE 70T RAgd.

ct. &5 di7+2 A RNA el

FF AF7IANN F&3 FF 7Y RNAE dry iceE o] 839 WFH
g S gATIeRE e AT ug APE FF dFA 4L A
RNA ZF 959 ALH68-92)d AAE 7/1Ae RNAS Agsld FFEES &3
331 RNAS F=& A3 =, A7Ys WHSZ RNAY HHE B39
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. A RNAE o2 2357 dtdoyd (DNAE fAsted Agd BAE
e A2 AZHI

e. cDNA #tolB 32 A%

ZA RNAoJA cDNA libraryE #|28l7] 98] Clontech®] Creator
SMART cDNA Library Construction Kitg ©]&3l9ct. A3 #3L& Fig 11 15-1
9] zt @AE &xFoz HAAEAT. HHAA DNA 712 dA4st7] & AA)
RNA ¢F 500 ng, SMART IV Oligonucleotide 1 ul, CDS III/3’ PCR primer 1 ul-&
15ml FHeo] Y1 RNAasefree EZH AALAE 5 ulo] &3} o L4
72°Co| A 287 HlE F gl Wo 287 ARtk o] 3 £A4L 7] AR
gty U§-Eo] FH ulge] ZolA Ftispin down). <J7]o] 5X First-Strand
Buffer 2.0 ul, DTT (20 mM) 1.0 ul, dNTP Mix (10 mM) 1.0 ul®} PowerScript
Reverse Transcriptase 1.0 ulg H7lsta AHEFo] dojupx] &A & 4L &, spin
downdtal 42°CollA 1A]F FF ¥hEAIZITE & A|zF &, o] £9E ng I&d
ol 3 WAl cDNA 7}=+e] 34 Bt (Fig. 1152, A).

T HA 719 DNAE §43171 93] Long-Distance (LD) PCR-E A A 8}54 T}
Aol A §F3s AA 71 cDNA 2 ul, € 80 ul, 10X Advantage 2 PCR Buffer 10 ul, 50X
dNTP Mix 2 ul, 5 PCR Primer 2 ul, CDS III/3" PCR Primer 2 ul$} 50X Advantage 2
Polymerase Mix 2 ul& PCR HFHo| ¥3 Z 4]& F, spin downA] It} PCR AL
95°Cel| A 18 &< oll-& &, 95°C 15%, 68°C 688 24 3] HtESl= Ao 2 A 3th PCR
o] Eud, ukg-8 5ulE 1.1% agarose/EtBr gelo] H7|GEAIA §kZo] A=
HAEA gttt (Fig. 115-2, B).

¥ 7149 ds<DNA7} & @45 0ed w389 50ulg A FEA &7
proteinase K (20ug/ul) 2ul& Y olF F, 45°Col| A 2087 vkg-Al it} o] & &
F x| ] Yo 31 phenol:chloroform:isoamyl alcohol 100ulE 7}38ta & 4
o] 8N-& nfo]AZ YA EE] 7oA 14000 rpm O 2 587 LA R 3 F, AFe
Al BB &7tl. DNAE HAAZ7] 98] o] &M 3M Sodium Acetate 10ul,
Glycogen (20ug/ul) 1.3 ul, %¢29] 95% ol &-& 260ul & H7}3it}. o] EFY & vz A&
ol A 14000 rpm o & 2083 AAE 2 §rh. A4 EE 7 BUE A E] WA RA g%
5 A ZSY e Ut 80% g2 JAES Aoz 2 2d o5 E79ul
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o =1t} 7]l 10X Sfi Buffer 10ul, Sfi I Enzyme 10ul, 100X BSA 1ulE Yol 31 &
412 T 50°Col| A 24171 §E-g- A Z1 T}, o] 4] cDNASQ] 42 9| Sfi I adaptery} wHE©}
At

U= w2 #4d DNA F =Z7[7b & DNARRE Jesis] 93 size
fractionation& AA1 3T} AA $ o)A X 2§ cDNAd] 1% xylene cyanol dye 2ulE ¥
3 Hdeth 0Fo 2 1.5 ml FH 16719 A& 33 CHROMA SPIN-400 column£-
EWRT.  Gel matrix7} ¢33 FHAEE columng 42 ¥ HPYL F 7|E7} 4
71X FEF frolstHA] 1000 ul pipete 2 gel matrixE 4=v. Y 71E7F A7)
A pipetS o]83 4 AAZT o] F columnd capg ¥o] AFF O F bufferE
doj=gw, 3% F go]l © ol HWolAR YOoW capg BI ring stando
columng DAY T}A] cap & FolA F o 93] AL HOoE storage buffer

7} WA "olXA 3}, Column matrix®] gel band7} Hold HiEoh wY gel
band”} 1.0ml mark o}gjo] Ho]H TE column® matrix® ©] ALtk HojA &
g9l £+ dlgF 1drop/100sec7} £1, 1drop ¢F 40 ulP xojt}. 9 dropo]
U =¥, matrixE A 4o]F ). Columne] storage buffer’} t} @olz|H
column buffer 700ulE $olA WolF3 dropAlZitt. Buffer7} T dojz o FH]
3 A8, Sfi I-digested cDNA$} xylene cyanol dye ZE%< 100ulE ZA2HA
column® matrix 4o ¥Wo] £}, FFHo] matrixe] FH| A3 FFHUES
W} column buffer 100ulE ©HA] matrix® o] ZA A ¥t} Columne matrix
band9] el buffer’} §1& wW7HA] dropAlZ ¥, oA Fuid 15ml F
column 6] ¥o}%i column buffer 600 ul® Yetr}. oYyygy Z+ B4
1drop(e} 35ul AE)¥ oA 16HA 7K dropAl 711 columnd] capS &t} Z
fraction®] 3ulE 1.1% agarose/EtBr geld] 71953t &Ittt GelolAq] DNA
£ FgQlsle 22 7|9 fractionE(HEF 3470)E 4 Zeu.  o7)d sodium
acetate (3M; pH 4.8) 1/10 volume (¢f 10ul), glycogen (20mg/ml) 1.3ul, 742 <
95% ogr-& 2.5 volume (¢f 250ul)E ¥ F 4L thg, dry-ice/ethanol bathef 1
AZE Ax AT (-20°Ce A A st ggo] o F5). 1A% ¥ AR
oA 14000 rpmo.2 2057 U4 2e]sto] DNAS FAAZAT. ZANA oees
AAS T, 7] A LA Q7o) B7ulE Yol AHAEBL Za

o] DNAZ Z@=u]= ¥ ¥ pDNR-LIBY Q@ A)71t}. cDNA 1.0ul, pDNR -LIB
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(0.1ug) 1.0ul, 10X Ligation Buffer 0.5ul, ATP (10mM) 0.5ul, T4 DNA Ligase 0.5ul, &
1.5ulE $ FH ) ¥ 31 16°Coll A ¥ gE-&-A| 71t} HE-g-&- Yol & 95ul$} glycogen 1.5ul

£ Hrhetel 2 A 95% ol ek-& 280 ulg 717 F, dry-ice/ ethanol bathol] 4] 123t &
o Hggch g Al7E & 15000 rppm O E A L0 M 202 F<k A4 B ste] DNAS A A

A1 NS ZASHA A AT F 2o M JHES Tt JXE DNAE &
Sulel] =0]aL E. coliol] Ho]A|Zlt}. g3} 70504 & Fo]d electrocompetent cells&

—_—

d-go ¥ =2l ¥ ligationdt DNA$} positive control (100 ng plasmid DNA; pUC19,
pBR322), negative control (no DNA)d|| Zt2} 25 ul¥] 71tk DNAS} celle] 3-8 2}
Al 3 0.1-cm cuvette ©. 2 & 7] 11, electroporatorE ©|-8-8}<] transformationA}ZIth. A
o]gl A|XE 1ml LB ¥ v] X7} 1= polypropylene tube2 & 7)1 37°Cei| A 225 rpm
O 2 YA F|AA 1A S v F@e). v g &, o] £ 1ulE LB YA ¥ 2] 50ul
o 41, F& AL 4°Co] E@3tr). LB 50ul= chloramphenicol (30 ug/ml)o} S =
90-mm LB agar plates] & ¥ 831, 37°Col A] 4] W)@k w <o) Lhebd colony® )
¥3te] plasmid DNAE A1 o] & A|@A s ESTs {2 A tlo]gu o] =& T35t
A|B74 PCRAA 5% xZegtolmg o|&dozX 7158 ORF/F EdE F UEH
gt} (Fig. 1115-2. C).

of, 78X} diolgfujolA A |5 E4

A AriMEEA7E 2RAEYE o] FHA o] Bl o] 2(GenBank) ]
Eo] JE FAAEH vnwste FEFARY EA FFE AN 4 o3
A5 754 P7 107 B Zow AE5RAA FAsitn & £ glen, 107
Btk 33 10°20 Zow 35U sbeAel glen, 10°8t ad 459 71540l
AY gda & & Atk KA vlolEuolAd EAde FEFAALEY Tl
BE B d79AM €& ESTse] 75 3% & Aok

3. 23 & n&
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7= sk wEA, 7 2EAqA TEHE FAAS BASE 3B 55
FEHAAE B 5 e Aot
TAFAAL BHL BE0Z 3 239 DNA gholEejgdA BE 11117
o] 8¢ FHYE AAs o]FojHTh. o] FREL WA TYHL A
Z 500bp- 1000bpe] ZolZ A Egsti Utk Fig. I 925 dojA AR 9x
o AEAE 2 BYEth EAE 1148 {§AAE §31R dolgu o] x
GenBankol] Mg AF 26171(23.5%)€ 7I5°] v &8z fHAe FFHAA
ojom, 897/l(8%)= FIEEZ=doly FHES FASe g A {FAAw, 761
M(685%) 715l LEAA & "AY FHAQA HoZ et (Table II
15-1).
AERFAATT dlP FEES HshE Table 1T 1529 2ok B A
A e LARFAAEE AT RHIAAE T3 2 715 F58 W, vy FEE9
1 1S o Q=AY AR g9d FAAE HE3Y Y
AR E71ME 442, H8d F32, JuHE feaud A4, dEF /A
on 2E# 2 #A {fAA, GG ELFAAE] HEHRAT ol

KRR HolHuol2E B8F 7 BARAAY A5 &
2 4ZEch #44327 BRI /gAY FF
A3k 29H 2L B3N} T Rolch
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Identification of useful genes from the Antarctic fish,

Nolothenia corriceps

Abstract : The Antarctic fish lives in the cold environment in which it is
sometimes below the freezing point. Genes of the fish could have unique
function in order for the fish to adapt to the harsh environment. In order to
identify any biotéchnologically useful genes of the fish, a database of the
expressed sequence tags (ESTs) was established and their functions were
inferred. From the total RNA of the Antarctic fish's liver, ¢cDNA was
synthesized and 1111 clones of the cDNA library were sequenced. The
sequences consist of 23.5% of the homologues of the functionally known genes,
8.0% of mitochondria and ribosome genes, and 68.5% of unknown genes. A few
examples of the functionally known genes which have potential for commercial
use include a stem-cell gene for blood production, Ferritin gene, interferon
gamma-inducible protein gene, interleukin 10 homologue, and antifreeze
polypeptide precursor gene. These genes of the fish could be utilized
biotechnologically by production of proteins which would then be used as new

materials in medicine.
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Table II 15-1. Composition of EST sequences in terms of their function

category No. of sequences %

known protein coding genes 261 235
mitochondrial genes 5 0.5
ribosomal genes ‘ 84 75
unknown genes 761 68.5
Total 1111 100
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Table II 15-2. List of homologous genes identified by GenBank search with the

ESTs

Name I{;?}? Start|End |AC Gene I&?"g Start |End |EValue

g oy ot o O O
o o e el o e
NAM-D1B0 |473]12 [338 |aakos14s 1 [fibosomal protein L22 [lctalurus 128 |11 119 |4.00E-42
M-D1780 la2a 30 |a20 |aakest6a. 1 |fibosomal protein L36 [ictalurus 105 1 |94 |1.00E-45
bop'=ny 20 480 (253 363 |AAD25980.1|PTH resbonsive osteosarcoma D {a75 |4 a7 12.00E-04
Mp=017C0 |479 ]33 |a01 |aaqe3320.1(808 ribosomal protein L35 123 |1 |123 [1.006-45
NAM-D1-CO |710(4  |138|CAASE124.1|tyrosine phosphatase [Homo sapiens] [1267]1213(1257 |6.00E-14
bopoy 011385 164 |CAC36098.1|Pyialive rbasamal protein L14 137 |118 (137 {0.002

VD10 lesa |5 145 |Aaraag7a 1| Similar to protein byigeine phosphatase. 393 1344 |391 |0.004

NM01=C0 37715 |286 |AAQQ4564.1|ribosomal protein §3 [Danio rerio]  |245 (152 |245 |5.00E-48
NAM-01-C1 |ss8 |5 |490 |AAK70070.1 |ATPase subunit 6 [Rhamdia quelen] (227 |65 (226 |7.00E-47
Dopi17Cl l1s2is |76 |AAGB3320.1|85S fibosomal protein L35 123 100 [123 [3.00E-05
01700 20314 a0z (G14241) 0 |81 substrate cortactin (Amplaxin) leg0 1471 |53t |7.00E-13
U000 Jo o5 [oos [P-256080. lrtessoms (i, g opa) 265 7 |45 |oss [100e-107
NAM-01-D0 665 |17 |a45)151011  [emoglobin alpha chain - black 143 (1 [143 |6.00E-77
l_\/lfoﬁ?DO 695173 lat11 %(P_087761. ﬂrp{)‘lﬁ:}tga%riggesir]\ related with psoriasis 177 46 163 [1.00E-17
NAM-O1=E0 1242 {3 |242 |AAH46741.1|AtpSb-prov protein [Xenopus laevis]  |525 |196 |275 |2.00E-37
gl_/_\'l:\/?e_lgl-EO 1916 1122 |AAK95159.1 gggzsar{lueglprotein L.32 [Ictalurus 135 |97 1135 |4.00E-13
NAM_O1-E1 lsgg j22 432 |AAF29139.1 |HSPC176 [Homo sapiens] 139 [t (137 |3.00E-64
NAMO1-FO l4g6 |5 (364 |I51012  |hemoglobin beta chain - black rockcod|147 [28 (147 |3.00E-64
NAMO1-FO 1661|210 |551 {204 TFR! \Fenitin, middle subunit (Ferritn M) |176 |1 |114 |3.00E-54
VARLOFO Tz o |ooo \P-088017. [y ass oducad remibonron T Joas oo [sa 1 ooecem
e O O el e el o el e
O M-01-FO 1624 |73 |501 532659 integrin beta 2 chain (CD18) - chicken [772 |564 |703 |4.00E-38
'5‘5.2"5%11 -GO 3405 200 I1\IP,659802. %%on:t;etsi:g:e%rg]tein DKFZp727G131 573 (494 1573 |2.00E-10
VAM_O17HO |41 (34 |o73lazasea  |yblQuinol-cvlochiome ¢ reductase (EC gy |1 g0 |1.00E-23
NAM-O1-HO 151931 (459151011 |nermolobin alpha chain - black 143 (1 [143 (5.00E-77
NAM-01-HO l577131 |aso 151011 |hemodlobin alpha chain - black 143 |1 [143 |7.00E-76
NAM_O17HO 1755 |24 |21 |aAF62400.1 [EVH] domain binding protein [Homo lgpg 1457|577 |3.00e-25
NAM-O1-HO 53930 |4s8|is1011  |emoglobin alpha chain - black 143 |1 143 |6.00E-77
NAM_02-A0 |188 161 |5 |AAD19348.1]reverse transcriptase-like protein 10271241 1259 10.019
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2-F.abil [ Takifugu rubripes]

A0 o155 Jo_[onoorerr.1 Pl Ssnenee HOOe o (155 (197 Jooos
LT oo Joa [P 7405 Wi i o Y oy o1 oo v
WRI-0aA0 1410 (5 [409 AAL9ggsa. 1 (IGM heavy chain secretory form 598 (437 |571 |2.00E-77
NAM_02-A0 laas |4 [204 [FOYABIRS 1405 ribosomal protein $18 152 35 [131 |2.006-50
EI—AME?)%_M 699 |4 |588 ;(P_342094. f\ic);?\ifg;ié%g]OM_s homolog Z [Rattus  |397 (194 |388 |4 00E-60
NAM-02-B0 l48g|5 364 [A60508  |hemoglobin beta chain - black rockcod|146 (27 {146 [3.00E-64
B oo [r02 parorore. [ B ST 1o [en rer [one e
gfé/.lagﬁ—m 45415 |166 |AAHB9707 1 %Jggp‘%vir;r(igaotein for MGC:73406) 89 |3s lso |1.00E-26
Tl 7 R O o eV o o o e
NAM-02-81 |55 4 |558 |AAO24740.1 fgrj";g‘rfo'ég‘gﬁglfsra;’;;g{gg 377 |52 |236 |4.00E-99
gjﬁgag%_co 538 (30 14581151011 ngﬁgg(ljobin alpha chain - black 143 |1 143 |6.00E-77
NAM-02-CO |47715  |373 |AAH42268.1|Arbp-prov protein [Xenopus laevis] (315 [193 (315 [8.00E-36
NAM-02-CO ls67 |72 [as0 [s14ss1  [actin. fiul iy (Drosophila 100 |8 [100 |2.00E-40
NAM-DE7C0 |as|1e  |asa |§P-216954. jeimiar to Complament component 1, A la57 |156 |254 [9.00E-16
zléy_a_g%_po 485 |24 452151011 l::g;gg(ljobin alpha chain - black 143 |1 143 |4.00E-77
NAM-02-D0 604 |45 |485 |i51012 hemoglobin beta chain - black rockcod|147 |1 |147 |1.00E-80
EI_AMEg%—m 494 |1 399 %(P_342664. rs]icr>nr\illea(;i::<?J§)]§)30021O16 protein [Rattus 182 |27 {159 l4.00E-46
gjﬁygg‘%-go 2085 |241 |AAKE5152 1 gtagg?aTualsllprotein L26 [lIctalurus 145 l67 |145 |2.00E-26
NP0 Jos 70 [so [-0o02 [QUABang el W1 [ss o ooy
DAM-92-E1 lses |6 |206 |aAQB3892.1|{ierferon gamma inducible protein 30 1554 |152 |246 |4.00E-21
V-peET 72106 (482 [Aarasas7.1|Siniar fo RIKEN CDNA 1700023802 logg |57 |217 |4.00E-64
O E isalo |11 [P0 Jami oot e e e [ [ooes
NAM-02-F0 15425 |541 [aakas128.1 |floosomal protein L5a [lotalurus 296 |69 [247 [3.00E-91
NAM-D2F0 l297(3  |os |s2seas  [Polubiduitin 5 - Tetrahymena 381 (351 |381 [2.00E-09
NAM-02-GO |551 15 |490 |AAK70070.1 |ATPase subunit 6 [Rhamdia auelen] (227 |65 [226 |7.00E-47
NAM-02-GO 1351 |5 |256 |S2B3EIAL 160 ribosomal protein L18 188 (105 |188 |2.00E-41
NAM_02-GO 581 |4z 479 nggg‘B'g,B Hemoglobin beta—2 chain 146 |t [146 |8.00E-76
NAM-02-H0 125913 |137|A60508  |hemoglobin beta chain - black rockcod|146 [102 146 |7.00E-18
gl_AMag%—HO 649 |4 141 gP_O57707. ggggggiical protein BM-009 [Homo 324 |279 |324 |2.00E-17
HAM_D2-H1 le50 110 544 [AAL12250.1 [[Hicrosomal glutathione S-transferase 11gp 11 145 |4.00E-51
E—AyEg?_AO 46915 |370 151011 pggagg{ljobin alpha chain - black 143 |21 1142 14.00E-35
NAM_O3-AT 131914 |204 [F29824HB |Hemoglobin alpha-1 chain 142 |76 142 [1.00E-31
NAM-03-A1 1707 |4 |699 |AAH42268.1 |Arbp-prov protein [Xenopus laevis] ~ [315 (84 [315 |8.00E-90
T ) T ) i v il O O O
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NAM-03-B0 1o03|s 124 |\P-937786- lriposomal protein L13 [Danio rerio] {211 172 |211 |2.00E-14
NAM_03-B0 NP_851009. |glycyl-tRNA synthetase [Mus _
pp-DeB0 laosla 1114 ] ) 729 |689 (725 [9.00E-08
NAM_03-B0O Unknown (protein for MGC:65791) _
oFaby 0 837(5  |373 |AAHB6526.1 | DinoNn 1Bl 172 150 1172 |8.00E-61
NAM_03-B1 ribosomal protein L21 [Ictalurus -
2-F.ab1 371 (4 303 |AAK95147 1 punctatus) 160 |61 {160 |4.00E-43
Q_AME(Q?_CO 451|166 |23 |AAH06206.3|T1 protein [Homo sapiens] 912 (425 (472 |4.00E-13
NAM_03-CO0 NP_956085. [myotubularin related protein 6 [Danio _
oD 7521602 |72 |} o) 643 (337 [543 (1.00E-104
NAM_03-C1 Chain C, Structure Of A
T 603 (112 {300 {1LM8|C Hif-1a-Pvhi-Elonginb—Elonginc 96 |34 )96 [7.00E-30
0-F.ab1 c

omplex
NAM_03-C1 XP_228039. {similar to Bromodomain and PHD _
2-F.ab1 494 14 1 2 finger-containing protein 3 [Rattus 1374(1339(13741.00E-08
NAM_03-D0 ) 60S ribosomal protein L24 [Pagrus -
BoFani - (6545 472 |AAP20149.1| T8 T 157 {2 |157 |4.00E-63
Ef«év?;g?-DO 631101 {631 ?F./SgaR?JIHO Heme oxygenase (HO) 277 11 175 |3.00E-74
NAM_03-D0 unnamed protein product [Homo _
NAM-03-D1 lag9 |4 |273|AAP20210.1 [ribosomal protein L9 [Pagrus major]  [192 {103 [192 |7.00E-39
NAM-03-D1 1758 |30 614 [SRONEIM (608 ribosomal protein L10a 216 1 [195 |4.00E-94
NAM_OZ-E0 lass |1 [240 |FPOYIEIRS 405 ribosomal protein 517 134 |52 (134 |6.00E-39
NAM_03-E0 unnamed protein product [Mus _
4-F.ab1 467 |4 423 [BAB27070.1 musculus) 245 {105 {244 |1.00E-60
NAM_03-EQ ribosomal protein L5a [Ictalurus o
boF.abi - (582|5  |580 [AAK95128.1 [[EOSOT A 206 |69 1260 |5.00E-98
NAM_03-EO hypothetical protein DKFZp58680319.1 _
Sop-pITEY 1706 |403 |68 TOB746 T an (raamen) 164 [10 [121 |1.00E-06
NAM-O3-EO |540 |42 (470 |FESE1LINE |emogiobin beta~2 chain 146 |1 |146 |2.00E~69
NAM-03-E1 17451 |714|BAB79524.1 |MAP Kinase kinase 4 [Cyprinus carpio] (407 |73 [310 [5.00E-84
NAM_03-F0 Simitar to ribosomal protein L23 {Homo _
1-E.abi 169 11 132 |AAH03518.1 sapiens] 134 |91 134 {4.00E-17
NAM-03-FO0 457444 |28 [[MAMI3846- |poiyprotein [Schistosoma japonicum] 976 48 196 |1.00E-10
NAM_03-F0 hemoglobin alpha chain — black _
Pl 284 |97 |282 (151011 i 143 (22 {83 |2.00E-22
NAM-03-F0 547 |7 |240 |AAH43811.1|Tot1-prov protein [Xenopus laevis] ~ [172 (95 (172 2.00E-24
NAM_03-F0 NP_274961. (transcriptional regulator, AraC family
8-F.abl  |/90[546 1142, [Neisseria meningitidis 305 [116 |254 ]0.007
NAM_03-F1 AAM27203. 140s ribosomal protein S27a _
DI |e29(5  |160 (oo coroiges] 166 {105 {156 {7.00E-28
NAM_03-GO log 12 o1 |\P-957408. 11183912 [Danio rerio] 455 [128 |157 |2.00E-06
NAM_03-CO lagg |7 1312 |9838IRLT 1605 ribosomal protein L18 188 (87 |188 |4.00E-49
NAM_03~G0 similar to ribosomal protein S18 [Bos _
5-F.ab1 259 (4 114 |BAC56389.1 taurus) 125 |89 125 [2.00E-14
NAM_03-G1 NP_599180. [poly(A) binding protein, cytoplasmic 1 . _
OcFabt ' lea2|s  |is7|3 PRatius norveseus] 636 |585 (635 |6.00E-16
NAM_03-H0 immunoglobulin light chain [Salmo _
2-F .ab1 352 (5 352 {AAG37201.1 salar] 119 13 119 [3.00E-27
NAM03-HO |544 |82 [543 |AAP20162.1 |beta-actin [Pagrus major] 198 {1 |154 {9.00E-86
NAM_03-HO0 hemoglobin alpha chain — black _
9370 1549 134 1459 |i51011 hemm oo 143 |2 143 [1.00E-75
NAM-03-HO |554 266 {505 |AAO14672.1|TCRzeta subunit [Xenopus laevis] ~ |160 |29 |103 |3.00E-04
NAM_04-A0 hypothetical protein AN2483.2
NANB1 10 [402|277 |26 [EAAB3BOT.1 | [XE e el e o S PGSO Ad] 531 [312 {398 0.042

~ 367 -



P49947|FRI

NAM-O4-A0 l459 211 |as9 |PHIOATIFR! | kerritin, middle subunit (Ferritn M) {176 |1 |83 |5.008-37
MBI A0 864 |49 |495 |AAHG6724.1 |ZnIAT [0 blauin coniugating enzyme 149 |1 |149 |1.00E-61
S o s o PS50 ol conte eSS TS s o [ [soc-o
NAM04-B0 1238 |5 (160 |AAH49478.1|Zac:66168 protein [Danio rerio] 172 |121 172 |7.00E-28
BAM_DITBO l618 |49 405 |anHs6724,1 BE0NAN [0 Ubiauilin conjugating enzyme 449 |4 1149 [2.00E-61
DAMDIBY leas|o71 |17 ||\P-702771. hypothetica) protein [Plasmodium 4925|563 |630 |2.00E-08
NAM-04-B1 l456 |4 [378 |AAR97600.1 |beta actin [Epinephelus coioides] (375 [251 |375 |2.00E-59
NAM-04-CO 645 |42 479 |5E3SLEHB |Hemogiobin beta-2 chain 146 (1 |146 [3.00E-76
NAM-04-C0 |751 |11 446 |BAB13932.1|unnamed protein product [Homo 146 20 [130 [6.00E-17
BAMD17C0 la20(3  |185 |anQesat18.1|{R bosomal protein 530 133 |73 |133 {3.00E-21
Bli\llzv‘l_ég?—m 64015 |262 EJP_003742. g%ﬁ;]);togcett:nflféi‘?[r;ainitiation factor 3,1g14 (727 812 |2.00E-24
NAM-D4-Cllog7 (s |79 |aAHG1601.1|fiknown (protein for MGC:75666) 1a12 |149 (170 |0.004

NAM_02-D0 1447|6  [332|A60508  |hemoglobin beta chain - black rockcod|146 (38 [146 |1.00E-54
télfx'l:\ggq'-DO 491 l6s 424 l1\lP__956340. [[Jggz%wrr;r(igr]otein for MGC:73055) 132 110|128 |1.00E-60
NAM_O47D0 4804 201 [FIOOZIFR! |Ferritin, middie subunit (Ferritn M)~ 176 (81 {176 [1.00E-41
NAM-04-D1 1535|103 |459 |aAHE2282.1([IOKNOWN (protein for MGC:77758) 419 11 |119 [1.00E-60
NAMDITEO |sat (s |4s8|AaLogasa.1 ([Q) Neavy chain secretory form 598 [447 (508 |2.00E-87
DAM_DATED 1561|489 |13 |AAH16249.1|SimTer 0 RIKEN GONA 1110054P19 1202 130|192 |0.001

el 3 ) e Y o O g
NAM 0970 |sas|s  [454 |aaKes1a7.1 [fioosomal protein LT [ctalurus 178 |20 |178 |6.00E-79
NAM-DITFO laso |35 |181 |aaPs2g41.1 PUtalive ATF synthase c-subunit 120 |72 {120 |3.00E-19
o010 |ose f243 |4 |s32457 POl Pabproteln - Volox carteri . 1462|74 |153 [0.003

NAM-04-F1 lso1 |5 |274|aaHe04s1.1|oknown (protein for MGC'68593) 1575 1187 |275 3.00E-38
z\lf\FN'lggt;l-GO 765 277 la62 %(P_228770. ;s}i(;nr\jféi::%sD]XImxwe protein [Rattus 677 |615 |676 12.00E-24
DAM-02-GO 507 |6 |aso[is1011  |Nermoglobin alpha chain - black 143 |16 (143 |7.00E-68
lélf\é/'lggl}-GO 45614 |213 t1\1P_956562. fél;?g]ar to cystatin B8 (stefin B) {Danio 100 |31 1100 |4.00E-21
o o o o O O e
NAM04-G1 l4g7 11 |a11 [RELNISIRL8 60S RIBOSOMAL PROTEIN L8 257 [121 (257 |1.00E-66
NAM-09-AD 141315 [a40 |ESOLOT IEFT |ELONGATION FACTOR 1-BETA 227 [116 [227 |1.00E-47
NAMOS-A0 152314 1111 |AAH43811.1|Tpt1-prov protein [Xenopus laevis] ~ |172 |137 {172 |6.00E-10
NAM-05-A0 1308 |5 |334 |ZOYI8IRS 1408 ribosomal protein 17 134 |25 [134 |3.006-54
NAM-02-A0 l1e1]3 |83 |aAe3a20.1|B00 oosomal protein -35 123 |97 [123 |2.00E-06
NAM-OS-B0 1381 [101 {3 |21 84ESINZ Very hypothetical protein 122 (87 |119 |5.00E-05
NAMO%-B1 la02 |6 |89 |SSOESINS 140s ribosomat protein S28 69 |28 |55 |6.00E-08
NAM_05-B1 [383 {102 |4 |AAH62632.1|Unknown (protein for MGC:70830) __ [102 |56 |88 [6.00E-05
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2-F.abt [Homo sapiens)

NAM-05-CO l743]s {310 |aaHs7e60.1|fnknown (protein for MGC:68133) 1a1g 1116 1217 |1.00E-42
f;jéyag?—co 413123 283 |AAH59704 1 %Jggg%w%r(igr]otein for IMAGE:4788333) |, |, lg7 16.00E-32
el ) T T e (ol N
DAM-037CT leo2|s 424 |aaLooaaa.1 |IQM heawy chain soctatory form 598 334 |473 |1.00E-96
NAM-0&-D0 130716 |233 |\P-937786- hribosomal protein L13 [Danio rerio] |21 (136 |211 |3.00E-32
NAM-08DO laso (s |310 |AaQe3319.1)808 Hbosomal protein 121 155 |14 (115 |2.00E-54
NAM-0S=D0 560 |205 |660 |5y S| oA+ |Ferritin, middle subunit (Feritin M) (176 |1 [152 |6.00E-75
géggg?—oo 83115 (739 |AAP20201 1 ﬁqoasjorri?f)somal protein L6 [Pagrus 249 (4 |249 |1.00E-110
NAM-08-D1 172313 |722 |BAC56953.1|polyubiauitin C [Gorilla gorilla] 609 [105 (344 |1.00E-129
NAM-OSEQ lea2|61 |501[151012  |hemoglobin beta chain - black rockcod|[147 (1 147 |4.00€-81
NAMO%-E0 1754 |105 |485 |cAD62446.1|Iteloukin 10 homologue [Takifugu |1g3 |55 181 [2.00E-44
NAM_0S-EO 1734 4 (360 |BAC57565.1 tropomyosint~1 [Takifugu rubripes] ~ |248 [130 [248 |3.00E~47
NAM-O8-E1 175063 | 749 |AAH45970.1 E:g"c"ri’p‘:mﬁfgf‘%ﬁ?tmg,éﬂg’me4 261 |1 |229 [1.00E-125
NAM-05-E1 la7 |77 |592 |aaHs6526.1{Hioknown (protein for MGC:65791) 475 |1 1172 2.006-90
Qf\y_;g?_m 621 [172 |585 |an019847.1 %!;igj:qlass Il beta subunit [Stizostedion 1540 1111 |248 [1.00E~54
wfy;g?_m 328 [101 |187 |s26689 {?;‘ajgg::g?)a‘ protein hc1 — mouse 118 (78 1106 |3.00E-04
NAMDSFO laaals (217 |cAca4nis.1 [Patative ribasomal prolein S27 protein 176 |6 |76 |8.00E-37
gﬁyag?-m 586 {42 |479 ggfgggg‘B Hemoglobin beta~2 chain 146 |1 146 [1.00E-75
NAM-95-F0 |s00 (17 |aga [XP-342052. |similar o Cfa C chain [Rattus 248 140 |245 |2.00E-23
gl,_o‘gag?-ﬁ 612|105 |533 li51011 lrwoeé?(gg&obin alpha chain - black 143 |1 143 |3.00E-76
gjfol\/?_ég?—F‘l 53505 1535 (AAP20201 1 %Oasiorri?osomal protein L6 [Pagrus 249 (43 |219 {2.00E-88
Q\Jf\fl:\gg?-eo 4551179 1379 r1\lP_443638. %thoﬁcgécr)‘gecgp%ig]ase subunit Il 261 (195 |261 [9.00E-28
zjf\gag?_eo 25916 [179 |AAK95187 1 ggﬁcqggjsscimal protein S5 [Ictalurus  |o03 (146 |203 [1.00E-25
NAM_05-GO 435 |4 |294 [FOXASIRS 1405 ribosomal protein $18 152 {35 |131 |4.00E-50
;‘_AF’V?E(Q?—GO 589 {9 587 2\“{957289‘ similar to aminocacylase 1 [Danio rerio] {420 {149 {341 |1.00E-101
BAM-027GO 13874 (135 |AB22128.2|unnamed protein product [Mus 227 |184 |227 |2.00E-18
gjfyag?—m 251 |62 |250 %(P_208356. \s/i'r:iéaorl)tgecpyttiggh{omec oxidase subunit 109 {15 |79 |2.00E-07
qli\ygg?—HO 4934 |og4 r1\lP_957109. ?gr;i)g]thetical protein MGC73391 [Danio 124 {18 1114 |2.00E-34
NAM-08-HO la7g o |aog NP-766514. |RIKEN cDNA C330035N22 [Mus 937 |819 |925 |8.00E-39
MME%‘?—W 832 (205 1630 li51011 ?ggllgggobin alpha chain - black 143 |1 142 |3.00E-75
q\l—All-‘v,‘E([))?—Ao 480l5 1361 151011 ?g(r:?(ggéobin alpha chain ~ black 143 |25 |143 |2.00E-63
gl—AIME?)?—AO 4791156 |7 g\IP_701038. ?gﬁ?égsjﬁaggr_icitein [Plasmodium 17391565 1615 |0.012
NAM_08-AD 150018 403 gg_ﬂ,\%ﬁls‘:g FKSG26 protein 676 |541 |669 [2.00E-24
gﬁg_a_g?—Ao 4904|372 151011 ?:gzco:ggobin alpha chain - black 143 |21 [143 |1.00E-65
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NAM-08-A0 |s56 14 [396 |AAP20200.1 ribosomal protein L4 [Pagrus major] (367 [214 (344 |5.00E-64
NAM_0B-A1 |567 (4 (315[D41727 [retinoid X receptor beta - mouse 448 |345 |448 |1.00E-51
NAM-08-A1 1404|217 |282 547633 |RXR protein - African clawed frog 452 [420 [441 |5.00€-06
NAM_06-B0O NP_031789. |cysteine-rich protein 1 (intestinal); _
2—-F.ab1 36215 235 1 cysteine rich intestinal 77 77 |7.00E-40
NAM-08-BO 1474|109 |5 |AAHO5517.1 |Arhgef3 protein [Mus musculus] 524 (347 [380 |3.00E-04
NAM_06-BO NP_853103. |conserved hypothetical [ Mycopiasma _
NAM0B-BO 1507170 |444 |} e o o) 193111651294 |9.00E~05
NAM_06-B0O Unknown (protein for MGC:35617)

BAM_06B0 1548 |62 334 |AAHE2201.1 [[KnoWD fRrote 462 |367 |457 |4.00e-18
NAM-08-B0 1447(54 |146 |AAA51320.1|immunoglobulin heavy chain VDJ region|124 85 [114 |0.066
NAM_06-B0 Unknown (protein for MGC:73372) _
Bo-00-80 lao (61 |408 |AAHSEE681.1[[TknOwA tBE 115 [1 |15 |6.00E-21
NAM_06-B1 hemoglobin alpha chain — black -
NAM-06-B1 1576 130 (458 |i51011 hamook 143 11 |143 |7.00E-77
NAM_06-B1 NP_955972. [Unknown (protein for MGC:65984) _
NAM-DB-B 1514|105 (512 [} GRS 272 |1 |136 |5.00E-47
NAM_06-CO receptor for activated protein kinase C _
BAMD07C0 laas |87 848 |aaQet574.1 Rt or AC e e 317 |1 |254 |1.00E-137
NAM-08-CO 1409 |88  |237 |AAP58960.1 |dicentracine [Dicentrarchus labrax] (79 |8 |59 |0.011
NAM_06-CO BRG1/brm-associated factor 53A _
7-F abi 640145 |38 |AAH45889.1 [Danio rerio] 429 156 [191 |6.00E-11
NAM-06-CO 1584 192|502 |A60508  |hemoglobin beta chain - black rockcod (146 (10 (146 [3.00E-54
NAM_06-C1 NP_003087. |small nuclear ribonucleoprotein _
1-F.ab1 505157 |284 1 polypeptide G [Homo sapiens] 76 |1 76 |4.00E-33
NAM_06-C1 NP_956340. |Unknown (protein for MGC:73055) -
M06-CT 1428 |5 (352 ) IR 132 [13 {128 [1.00E-60
NAM_O8-DO lg49 |4 1552 |S9830IRT 160 ribosomal protein L18 188 |6 |188 |4.00E-96
NAM_06-DO0 NP_957109. |hypothetica! protein MGC73391 [Danio _
NAM-08-DO {49715 |20s ) e 124 17 |114 |2.00E-35
NAM_06-D0 unnamed protein product [Mus

NAM_00-D0 1317 (a3 |156 {BACAT141.1[UnnamEd | 170 |18 |52 [0.036
DAM-08-DO |37615  [310 ??_‘),(Y:(%SLRS 40S ribosomal protein $17 134 (33 {134 |5.00E-49
NAM_06-EO XP_230827. |similar to dJ881L.22.2 (novel protein) _
1-F.abl  [299]79 [558(5 [Rattus norvegicus) 300 |57 216 |5.00E-26
NAM-06-E0 17264 |474 |AAQO1147.1|cathepsin [Paralabidochromis chilotes] {334 |178 {334 |2.00E-74
NAM_06-EO hemoglobin alpha chain — black -
W-06-E0 1518130 (458 fI51011 hemools 143 [1 |143 |6.00E-55
NAM_08-E0 1509 |6 |386 |AAK02014.1 [enterophilin-2L [Cavia porcellus] 397 [18 |147 |1.00E-08
gf‘,i"'gg‘?"ﬁ’ 4066 [179 |BAB60851.1 |b2-microglobulin [Oryzias latipes) 116 |59 116 |2.00e-10
NAM-08-ET |419a  [309 f151012 hemoglobin beta chain - black rockced|147 |47 147 |2.00E-14
NAM_06-FO NP_648504. |CGB004—PB [Drosophila

RAEN08=F0 378 111|346 |) reenogacter] 1444|512 (639 |0.033
NAM_06-GO XP_215658. |similar to Protein—-tyrosine

1-F.ab1 59716 173 2 phosphatase, non-receptor type 8 763 |707 (761 10.035
NAM-08-GO 137715 |226 |NP-957133. \\yu:tc65e01 [Danio rerio] 446 (372 |445 |1.00E-29
NAM_06-G0 NP_000990. |ribosomal protein L.38; 60S ribosomal _
3-F.ab1 3871100 |309 1 protein .38 [Homo sapiens] 70 0 70 |1.00E-19
NAM_06-GO XP_345934, [similar to ribosomal protein S26

NAM-08-GO la12 112|212 ] P oo, 127 |44 [110 |0.024
NAM_08-G0 615 |5 |388 |AAK02014.1 [enterophilin-2L [Cavia porcellus] 397 [17 |147 |4.00E-10
’g_AQ"Eg?"GO 5194 {519 |AAP20200.1 |ribosomal protein L4 [Pagrus major] (367 {79 250 |2.00E-77
NAM_06-HO |608 |5 136 |[BAC57565.1 [tropomyosini-1 [Takifugu rubripes] 248 |205 (248 |3.00E-15
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1=F .abi
g'f‘é"’;g?"m 56615 424 [AAP20203 1 E)g;zgmi tr;a:jzife]nt receptor protein 2 171 131 {170 |6.00E-65
gjﬁyag?—Ho 46906 |93 )2(P_126043. mitsogjul-sifA.F/Z variant [Mus 131 {36 (131 |3.008-47
BHLOCTT Lot [14_oes[cnesoses. [ ool IEOT OB 107 [0 oo [soe-or
NAM-09-A0 lag2ls  |370 g’fggg&%“ 60S ribosomal protein L18 188 |67 [188 [4.00E-62
ST Lo er oot g0 S et ey |10 |10 |14 [roneo
BAM_09-A0 1324|105 (233 [BAC8SS519.1|unhamed protein product [Homo 274 |9 |49 |0.061

NAM-09-BO |sg1 |6 521 |aakest30.1 [Tbosomal protein L6 [ictalurus 260 (89 [260 |3.00E-84
NAM-0%-BO 523 |5 454 |AAHS5508.1[[iOknown [protein for IMAGE:3819162) |56q [gg 39 |1.00E-42
L0 cole 160t (DTN TR 1y |11 10 [t JociEts
NAM-09-B1 635 (629 (207 |aAH16249.1 gma{mfﬂﬁg‘cgﬂgﬁ1”0054P 19 1202 82 |192 |4.00E-04
NAM_09-B1 las4 170 1303 ||P~957936- lriposomal protein 526 [Danio rerio] |15 {17 |94 [6.00E-37
NAM_09-CO 1607 {2 |607|JC7736  |C3G protein, long type ~ mouse 1086(880 |1077|2.00E-73
NAM_09-CO 1267|6  |155 |AAP20207.1 |ribosomal protein L37a [Pagrus major] (68 |19 (68 [1.00E-22
N e o O ) e e e i e o [ e
gjf‘g[gg?—co 502 |7 435 ?AM27202. 22?05‘3213&]11 protein L27a [Epinephelus 148 |6 148 |2.00E-67
VALO%D0 o555 fora PS589 [mlochon S P oriess oz s [z [ronee
gf\FN_IEg?—DO 559 126 |559 (AAP20199.1 ;anaSjorri?osomal protein 85 [Pagrus 198 |1 178 19.00E-89
NAM_DS-DO 436 |5 |205 |90YASIRS 405 ribosomal protein 518 152 |35 |131 |2.00E-50
glf\g;g?—m 5874 1507 |AAK95187.1 gggcrtist%ss?mal protein S5 [ictalurus 203 |36 |203 |2.00E-89
NAM09-E0 1413 |23 |283 |AAHs9704.1 [[0knoWn (plotein for IMAGE:4788333) g7 |1 |g7 |5 00E-32
el o e A el e i el o e
Ol O sl T i ol
gf‘éﬂ,gg?{o 673131 (4591151011 pgg?(gggobin alpha chain - black 143 |1 143 |8.00E-76
NAM 09-E1 ls50 |4 |480 |AAH42268.1|Arbp-prov protein [Xenopus laevis] 315 (157 315 |7.00E-52
glf\yato)?—m 538 (30 536 ggggé%go E%%g%“’ﬁ%ég?b%%%ﬁym 308 |14 {182 |1.00E-63
NAM_O9-FO |77 |42 |470 |FESELAILB |1emoglobin beta-2 chain 146 11 |146 |7.00E-76
VLD eo7o2_oan 17215007 ool 08 S oo Jan Jo o [roneo
NAM-09-F1 1475 |190 |474 |BAC79221.1|p67phox [Takifugu rubripes] 495 395 |488 |7.00E-29
Téygob?—ﬁ 491 |444 |43 Q\IP_705576. ?glg?ggsdﬁagggcitein [Plasmodium 08251624 (744 10.047

el O 0 ) il o O O
NAM-09-GO |51 |56 |190 |AAH23528.2|known (Broteln for MGC:14129) 1467 log [143 (4.00E-17
L0 s o rsouroror (S eSS [0 e[ 2o
NAM-09-G0 3465|268 [aAQ63320.1(835 ibosomal arotein 135 123 136|123 16.00E-41
NAM_09-GO 540 [5__|532 |AAH63907.1|Unknown (protein for IMAGE:5307745) |402 |206 |361 |3.00E-64
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8-F.ab1 [Xenopus tropicalis]

NPVLGEST 502|217 [\P-0R008T- ke g of poke STECHE i (o7 [0 Jo0e1
NAM09°HO Is91 |4 1120 |AAHes891.1|HioKnown (protein for IMAGE:G997570) 564|520 |561 |1.00E-06
NAMOS-H1 5205|208 |FSSATSIAC |ACTIN, CYTOSKELETAL 1B 376 323 (376 [3.00E-12
NAM-12-A0 24215 |214 |aaKes130.1 |fiDosomal protein L6 [lctalurus 260 {191 (260 |4.00E-23
NAM-127A0 1534 |68 |271 [AAG17444.1|GYi0ChiOmE S oXidase copper 1 [69 |3 |89 [2.00e-13
Q—AMEE)%_AO 700ls 1310 gP_055603. tarligﬁ;t;it?mr)naor:ii{ep;%%ifn TRIM14 isoform 1,45 l33g 1438 |6.00E=11
Q_AM;L%‘AO 349 |No Hits

NAM-L2AT latala  |189 [AAHS6311.1 Dknown (protein for MGC:66086) 548|433 fag3 |3.00E~14
NAM12-AT |525 227 (523 |AACE4129.1 [actin 1 [Psilotum nudum] 360 |98 {196 |5.00E-58
NAM-12-B0 1665 | 164 |541 |AAA49617.1 |antifreeze polypeptide (AFP) precursor 195 |72 |191 |1.00E-24
NAM12-B0 I5p7 |4 |s25 |P22151 IFL5|60s RIBOSOMAL PROTEIN LS 2097 |71 |244 |3.00E-88
NAM_12-B0 1530 {91 1309 |AAP92539.1 [Ab1-108 [Rattus norvegicus] 323 251 (323 {1.00E-33
NAM_12780 247 |43 |237 |AAL99929.1 ||l heavy chain secretory form 591 {5 69 [3.00E-17
I;I_Agag)%—BO 662 1370 |549 2\1P_207004. g)é%%tg]etical protein [Helicobacter pylori 793 118 {176 lo.002
NAM_12-80 1364 |3 |245 |298241H5 |piemogiobin alpha-1 chain 142 |62 |142 |1.00E-38
%\lf;l:\fagﬁ—m 61215 304 2\1P_956674. Ir'\grxi)g]thetical protein MGC64125 [Danio 220 1121 [220 15.00E-29
NAM-12-CO 156|119 |6 |aAHs94gs.1Inknown (protein for MGC:73125) 463|405 |442 (3.00E-13
T O ) i T i ) Y )
NAM12-C1 l516 (45 (482 [FS381L4HB |Hemoglobin beta-2 chain 146 (1 [146 [1.00E-74
q\lf‘FN.IEZ)%_DO 196125 |126 Q\JP_702066. pay’;(a:?ptgisiniagg%tein [Plasmodium 203 1159 [192 [0.032
NAM_12-D1 logg |5 |202]151012 hemoglobin beta chain - black rockcod|147 |28 {93  |8.00E-35
NAM_12 7D l60a (4 |375 [AAPB5a5.1|flome sapiens galaclosidase, beta 1 1674 |504 |642 [2.00E-29
NLIZED [, a2 [P-95889% [rosine 5 monoosceraseTetohan o (3o |20 [100E-59
NAM_12°E0 le16 |6 |608 |aAPO4s2g 1 |STbrotein coupled recentor GPR34  lses |157 357 [5.00E-69
NAM_12-E0 |57 13 |548 |AAP20200.1 ribosomal protein'L4 [Pagrus major] (367 [163 (344 |3.00E-90
NAM_127E0 l667 |29 |541 |AAA49617.1 [antifreeze polypeptide (AFP) precursor [195 128 [191 |6.00E-28
VILIEED [or o Lo [FAWTTIA. |rscart pohonile-ssected ™ [ois |12 [ors [ro0e-o7
NAM12-E1 |576 |170 |574 |XP-341520. lion transporter protein [Rattus 681 |72 [225 |1.00E-28
Q\J_Ayazﬁ—FO 35815 |211 Q\IP_955883. l{tég%tiglﬁgﬁéfiown—regulator of HLA Il 548 {480 |548 |8.00E-33
NAML2-FO Is64 |1 114 |aaFes679.1 |MHC class 1 alpha subunit [Aulonocaralagz oo 237 [0.002
NAM-12-FO la21 |81 |a86 |BACB2604. 1(330IKe Protein [Tetraodon 416 |40 [141 [1.00E-30
NAM-12-F1 1375111 |274 |AAP20208.1 |ribosomal protein L37 [Pagrus major] 97 |1 |88 |7.00E-48
NAM_12-GO 1254 |6 |200 [AAP20214.1 |ribosomal protein $19 [Pagrus major] [146 [82 (146 [2.00E~29
e O ) i i e B o O O
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NAM_12-GO NP_058846. [ribosomal protein L29 [Rattus _
6-F.abi 370152 |252 1 norvegicus) 156 |1 68 |3.00E-24
NAM_12-G1 T cell receptor alpha chain [ Stegastes _
0-F.ab1 5731138 {572 |AA0O88998.1 partitus] 261 {27 (171 |2.00E-21
NAM_12-G1 XP_309306. |ENSANGP0O0000018476 [Anopheles _
1-F .abi 5555 406 1 gambiae) 337 |207 |334 |6.00E-16
NAM_12-HO Ribosomal protein S14 [Canis _
o-F .ab1 236 |3 122 |CAB46816.1 familiaris] 79 [29 168 [1.00E-15
NAM_12-HO NP_956562. |similar to cystatin B (stefin B) [Danio _
3-F.ab1 561 {90 (353 1 rerio] 100 |13 (100 |3.00E-21
NAM_12-HO Unknown (protein for MGC:63583) _
4~F.2b1 556 |4 432 |AAHS5147 .1 [Danio rerio] 494 1349 1491 |1.00E-62
NAM_12-H1 NP_710620. [2,3-bisphosphoglycerate~independent
2-F.ab1 450 1251 1415 1 phosphoglycerate mutase 552 [103 |156 [0.05
NAMO7A0 4626|461 |AAR95665.1 [plectin 11 [Rattus norvegicus] 4545(2703|2854 [1.00E-56
NAM_07-A0 ribosomal protein L7 [Ictalurus _
6-M13F.ab1 416 (32 |286 (AAKS5131.1 punctatus] 262 |83 (167 [2.00E-48
NAM_07-A0 NP_003087. [small nuclear ribonucleoprotein _
9-Mi3F.ab1 [200 |60 1287 4 polypeptide G [Homo sapiens] 76 |1 76 |4.00E-33
NAM_07-A1 Homo sapiens guanine nucleotide _
1-M13F.ab1 41915 118 [AAP36465.1 binding protein (G protein), gamma 69 |31 |68 |7.00E-13
DM A 5755|496 |AAP20163.1 [BTF3a [Pagrus major] 168 |8  [168 |5.00E-70
NAM-0780 [220|4 219 |AAP20202.1|S6 ribosomal protein [Pagrus major] (187 (9 |80 |8.008-27

_ complement component 1, q
NAM_07-BO (365 (11 |211 |NP-000482. ¢ hcomponent, beta polypeptide 253 |180 [249 |1.00E-04
5-M13F.ab1 2 precursor;
NAM_07-B0 NP_855940. |{Unknown (protein for MGC:55770) _
6-M73F.ab1 678 |5 676 1 [Danio rerio) 261 1 224 |1.00E-61
NAM_07-BQ XP_319443. |[ENSANGP00000014430 [Anopheles _
7-M13F.abi 148 |4 63 1 gambiae] 135 (116 [135 |5.00E-04
NAM_07-B1 Similar to RIKEN cDNA 1110054P19
2-M13F.ab1 454 1447 140 [(AAH16249.1 gene [Mus musculus] 202 |54 1179 |0.01
NAM_07-CO NP_956322. |Unknown {protein for MGC:77683).
5-Mi3F.abt 1765 61 |4 ribosomal protein L30 [Danio 117 {88 [106 10.003
NAM_07-C0 NP_9567493. |similar to phosphoinositide-3-kinase, _
6-M13F.ab1 |809(5 (3104 catalytic, delta polypeptide 1039]938 [103916.00E-47
NAM_07-CH glyceraldehyde-3-phosphate
Yy 524 14 69 |AAN62920.1 |dehydrogenase [Ctenopharyngodon 204 (183 204 [4.00E-05
0-M13F.ab1 idelial
NAM_07-C1 PTH-responsive osteosarcoma D1 _
1-M713F.ab1 256 |30 |140 [AAD25980.1 protein [Homo sapiens] 273 37 1.00E-04
NAM_07-Ct NP_659120. {RIKEN cDNA C630029K18 [Mus _
oM 3F.abl 503 |4 399 2 musculus] 860 |457 |590 |{3.00E-05
NAM_07-D0 Q14558|KP |Phosphoribosy! pyrophosphate _
7-M13F .ab1 4081204 146 RA_HUMAN |synthetase-associated protein 1 (PRPP 356 304 1356 |7.00E-21
NAM-O7-D0 1493 |250 (492 {AAH44327 1 |Eef2-prov protein [Xenopus laevis] ~ |858 |575 655 |1.00E-34
NAM_07-D1 XP_307180. |JENSANGP00000025171 [Anopheles _
0-M13F.ab1 166215 661 |4 gambiae] 511 |62 |277 |2.00E-34
NAM_07-D1 Unknown (protein for MGC:77271) .
o-MT3F.abi 47113 467 |AAH65333.1 [Danio rerio) 636 |353 |510 |5.00E-61
NAM-OT-EO 1569 |8 |266 |CAA72813.1]aminopeptidase [Lumbricus rubellus]  [237 [135 |217 |4.00E-33
NAM_07-EO glia maturation factor beta [Cyprinus _
3-M13F.ab1 642138 [460 |BAA95482.1 carpio] 142 1 141 |2.00E-55
NAM_Q7-EQ NP_031789. {cysteine-rich protein 1 {intestinal); _
6-M13F.ab1 615195 1325 1 cysteine rich intestinal 7o 77 [1.00E-27
NAM_07—EO Brain and reproductive
iy 577155 |423 |AAH61000.1{organ~expressed protein [Mus 383 {261 |383 |1.00E-64
8-M13F.ab1 m

usculus]

NAM-07E0 |s95 |27 437 |AAF29139.1 |HSPC176 [Homo sapiens] 139 {1 [137 |5.00E-63
NAM_07-F0 608 ribosomal protein L21 -
o-M13F.ab1 (4856 470 [AAQ63319.1 [Hippocampus comes] 185 |1 155 |1.00E~76
NAM_07-FO NP_116147. |SF3b14b; PHD-finger 5a [Homo _
8-M13F.abi 54064 |[393 1 sapiens] 110 {1 110 |3.00E-64
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NAM_07-F0 XP_342963. |similar to RIKEN cDNA 1110012E06
9-MT3F.ab1 [297 136 |2 I [Rattus norvegicus] 1184|621 (665 [2.00E-05
NAM_07-F1 hemoglobin alpha chain - black _
2_M13F.ab1 574 (32 1460 (151011 rockood 143 |1 143 |1.00E-74
NAM_07-GO 042249|GB |Guanine nucleotide-binding protein _
2-MT3F.ab1 |74%[* |74 |(P_ORENI |beta subunit-like protein 817 |66 312 |1.00E-134
NAM_07-GO dJB677H15.2 (splicing factor, _
3-M13F.ab1 526 (450 1621 |CAC04184 .1 arginine/serinerich 11) [Homo 491 |425 {448 |3.00E-05
NAM_07-GO hemoglobin alpha chain ~ black _
7-M73F.abi 464 |5 373 (151011 rockeod 143 |21 143 [3.00E-64
NAM_07-GO - . )
8-M13F.ab1 563 |7 240 [AAH43811 .1 |Tpt1-prov protein {Xenopus laevis] 172 |95 (172 |3.00E-25
NAM_07-HO NP_956665. |hypothetical protein MGC64051 [Danio
3-Mi3F.ab1 |796 |56 6191 rerio] 221 |2 |184 |9.00E-50
NAM_O7-H0 |577 161|501 [151012 h i i
4-M13F.ab1 emoglobin beta chain — black rockcod|{147 |1 147 {4.00E-77
NAM_08-A0 XP_319443. |ENSANGP00000014430 [Anopheles _
P MTaE ab1 (1484 183 |3 gambias] 135 [116 [135 |5.00E-04
NAM_08-A1 NP_571530. |ribonucleotide reductase protein r1 _
0-M13F.ab1 [332 [225 (332 |y class | [Danio rerio] 794 1685 |720 16.00E-12
M\bnﬁfgg.—a%q 677 227 |586 |NP-997135 |pieckstrin [Danio rerio] 352 [232 {352 |5.00E-81
408 RIBOSOMAL PROTEIN S3A (V-FOS

NAM_08-B0 073813|RS _
5-M13F.ab1 409 (8 33 3A_ORYLA ;qu'g::l\SRMAT'ON EFFECTOR 266 |159 |266 [2.00E-53
NAM_08-BO |1g6|5  |106 |BAB21249.1 |ribosomal protein L36 [G | -
7-M73F.ab1 . protein L36 [Gallus gallus] {105 {72 {105 |4.00E-05
NAM_08-CO 60S ribosomal protein L35 _
6-M13F.ab1 23115 160 |AAQB63320.1 [Hippocampus comes] 123 (72 |123 {3.00E-22
NAM_08-CO NP_899079. [RIKEN cDNA 2310016M24 [Mus _
7-MT3E.ab1 3201125 [280 1 musculus ] 57 {1 52 |1.00E-10
NAM_08-CO P83614[HB e N
8-M13F.ab1 540142 1479 B2_GOBGI Hemoglobin beta~2 chain 146 (1 146 [6.00E-76
M O8-Cl [487(5 409 |AAH54266.1|Rps8-prov protein [Xenopus laevis]  [208 |74 |208 |4.00E-68
NAM_08-DO0 Q9DFZ4|CH . : _
1-M73F.abi 472129 |364 UR_XENLA Churchill protein 112 {1 112 |8.00E-46
NAM_08-DO XP_344660. |similar to RIKEN cDNA 2610028L19 _
3-Mi3F.ab1 [386 (9 [404 1 [Rattus norvegicus]) 173 |42 [173 |2.00E-64
NAM_08-D0O putative ribosomal protein L14 -
4-MT3F.ab1 198 {5 124 |CAC36098.1 [Takifugu rubripes) 137 {98 137 |1.00E-13
NAM_08-D0O Unknown (protein for IMAGE:4788333} _
6-M13F.ab1 |412 |23 |283 |AAHS9704.1 Fhanis rerio] &7 1 87 |2.00E-32
NAM_08-EO 60S ribosomal protein L35 -
4-M13F.ab1 415154 |338 |AAQ63320.1 [Hippocampus comes] 123 (29 |123 |2.00E-43
NAM_08-FO0 cytochrome P450 [Fundulus _
2-M73F.ab1 |465 (5 [181 |AADSA014.1 |00 ncitus) 506 1448 1506 |2.00E-12
NAM_08-FO0 Q28479 IDH [ISOCITRATE DEHYDROGENASE [NAD] _
3-M13F.ab1 [°61 (5  [923 |5 "MACFA~ |SUBUNIT BETA, MITOCHONDRIAL 381 |204 376 |8.00E-78
NAM_08-F0 Similar to ATP synthase, H+

e 500 {1656 |500 |AAH45894.1 |transporting, mitochondrial FO 140 {1 116 |4.00E-33
4-M13F.ab1 complex
NAM_08-F0 unnamed protein product [Homo _
5-M13F.ab1 7351401 595 [BAB70860.1 sapiens| 488 |80 |[150 {4.00E-16
NAM_08-FO Ribosomal protein, large P2 [Mus _
9-M13F.ab1 344 |4 114 |AAH55860.1 musculus) 115 126 (62 [4.00E-07
NAM_08-F1 acidic ribosomal phosphoprotein PO _
0-M13F.ab1 504 |5 487 |AAB65436.1 [Bos taurus] 302 |64 1224 |9.00E-66
NAM_08-F1 SI:zK16K6.1 (novel protein similar to _
1-M13F.ab1 600 |5 6569 |CAE51166.1 human and mouse capping 273 |89 |273 |9.00E-96
NAM_08-F1 NP_285431. |minor tail protein gp26-related protein
2-MT3F.ab1 [428 [41 310 |4 [Deinococcus radiodurans] 1225|834 1945 10.031
NAM_08-GO XP_215262. [similar to CG13901-PA [Rattus _
4-M13F.abi 63027 629 1 norvegicus] 203 |1 201 |[2.00E-68
NAM 08-G1 |582(5  |580 |AAH54256.1 [Farsi-prov protein [Xenopus laevis]  [499 (172 (363 |1.00E-90
NAM_08-G1 invariant chain-like protein 14-1 _
2-M13F.ab1 426 |71 {349 |AALE8575.1 [Oncorhynchus mykiss] 201 |2 97 |5.00E-16
NAM_08-HO (336 {4 240 [NP_063918. [ribosomal protein L36a; ribosomal 106 |28 |106 [2.00E-40
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6-M13F.ab1 1 protein L44 [Mus musculus]

Bj—Ar\h/ffgg:E 118130 1116 is1011 pfg':gggobin alpha chain - black 143 1 |29 lo.02
E—AM‘T;E_;\B(% 37905 |103 %(P_358554. nqyggnﬁjtiscial protein XP_358554 [Mus |g7 154 l55 g 011
I1\I_AI\I\AA1_;'(__);%11 23015 |169 |AAK95140.1 gggz?ar{\uag]protem L13a [lctalurus 201 {147 |201 13.00E-09
Q§Mf;g;%11 469l |293 )2<P_126043. mit:gue'ul;%A.F/Z variant [Mus 131 136 1131 |3.00E-47
gf%;g;%q 245|101 214 2\1P_956120. ?Sgg%v‘rér(igaotein for MGC:63480) 250 119 |ss  |5.00E-08
yf‘m‘;g;%q 3774 |162 Egﬁ%%égg Hepcidin precursor 85 30 (84 10.043
gf‘,m‘gg;%q 442 |61 (441 [AAQ95586.1|HSP-90 [Dicentrarchus labrax] 725 1280 406 |2.00E-59
gf&/lﬂg;%a 494 |5 298 Q\JP_957109. zg/rri)g]thetical protein MGC73391 [Danio 124 117|114 6.00E—35
Mg 0116|5232 {P-937786- liposomat protein L13 [Danio refio] (211 [136 |21 [1.00E-31
NMA07C0 1533 (4 84 |AAG15322.1 alpha tubulin [Notothenia coriiceps] (324 [287 |313 [3.008-07
S TAE ooy [662[6 (182 |paHe1677.1|fnknown (protein for MGC:68812) 175 147 |75 |g.00E-25
M AT [394 |5 [286 |AAQ94564.1 [ribosomal protein $3 [Danio rerio] (245 {152 [245 |5.00E-48
N TaF ab (644 |5 |208 |AaHs3220.1|EAMOM fofoteln for MACIB4056) 1369 a2 |ass [4.00e-21
MANAE D0 la11 |5 [217 |cAcaazts.1|pytative ribosomal protein 827 protein |76 g |76 |o.00E-37
q\li\u{;g—a%y 43914 |240 Q\IP_957109. ?gr?g]thetical protein MGC73391 [Danio {154 lag [114 (3.00E-34
gél\hﬂl'ﬂ;g_a% 5415 |196 Q\JP_955885. ?Bl;i%o:écﬂg]anslation initiation factor 5 |4o9 |a48 [411 |1.00E-08
AR a0 (549|102 548 {An024740.1CreatINe kinase brain isoform 377 |t (149 |7.00E-76
Qjﬁwfg,g;@q 560 |81 {362 2\1P_957109. ?gr;i)g]thetical protein MGC73391 [Danio |5, o1 |14 |7.00E-33
gﬁu{gg;ﬁg 223015 194 )2(P_216137. %%ggieéhcsa]l protein XP_216137 [Rattus e 207 |266 |3.00E-04
NAM-AZEO l462|50  |382 |AAP20204.1 |ribosomal protein L10a [Pagrus major] (197 (87 197 [1.00E-56
NOTSF ab (588 |8 |16 |BAB17845.1 | o O o /s lie | 686 [620 |683 |8.00E-09
ELD\MT;}Q;%QJ 471 |42 |314 %(P_146606. ;ngrgﬁlsfsd] sequence AA589584 [Mus g, | 90  |4.00E-18
A T0 [397 |5 |328 |AaLaB2ss.1 |(lo0somal protein L32 [Epinephelus 1135 125|135 |2.00E-55
NAMAO RS [s89 (4 |398 |aaHaas24 .1 |PiTknown (protein for IMAGE:3B18635) 1495 |349 |47 |6.00E-65
VA0 00 1604 |4 |258 |anHG426s.1|inknown (protein for MGC:76279) 1309 1215 |29 [1.00E-32
ATy (840 |5  [541 |3 00002 o riacs mrotae -~ o™ 1+ |1307| 1121|1302 6.00E-54
SMTaRabg [067 |5 [640 4R 07O e spiati] " - o0 498 (233 (426 |3.00E-08
NAMAS-C0 |572 (40 [477|5838L4HB |Hemogiobin beta-2 chain 146 |1 |146 [3.00E-76
e ey (612 [106 |432 [YP-371322- \simijar to KAT protein [Homo sapiens] [115 |7 114 [1.00E-20
A0t 1203 |5 [124 [NP-987788- friposomal protein L13 [Danio rerio]  [211 [172 [211 [2.00E-14
Q_Au{;g‘;gq 482ls 366 li51011 ?oeéagg(ljobin alpha chain - black 143 |23 |13 |1.00E-64
N 2y [368 [139 |a66 ||{P-002415. [N-acetyglicosamine Kinase: GIcNAC 343 138 (113 |7.008-28
NWTaR a1 [341 [127 [336 |P-0028 16, L e nior 1 (B> T {70 |1 |70 [1.00E-24
A ar g (24215 [112|583814IHE liemogiobin beta-2 chain 146 (111 [146 [4.00E-11
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SATar bl |258(5 |61 [aaqs27so.1 8/E ATERSe albTa subunitisoform 10 11028 1006|1024 |1.00E-04
g-Al\r}IAf;ll;%11 69014 |64 I1\IP_775331, :\gﬁcr?]ann-Pick disease, type C2 [Danio {4 49 63 1149 |0.00E-33
?‘_AM{;;__aBtA 561 |4 459 ?!P—%ﬁ 35. pleckstrin [Danio rerio] 352 |200 |352 |[8.00E-72
Nm-aa Bl 492 1218 (490 [BAC27534.1[annamed protein product [Mus 251 |12 101 |5.00E-31
g'_AM{ggg%q 31216 89 ggjggbﬂs 40S ribosomal protein S28 69 28 |55 |6.00E-08
NAM-A1-C0la07 |7 |201 |AAP20154.1 |apolipoprotein E [Pagrus maijor] 194 {130 |194 |3.00E-17
OMTarap1 [610]5  [514 [cAa74ssa.1 |18, Simpie bype | keratin 438 [265 [434 |2.00E-72
NAM 11D01473|3  |365|A60508  |nemaglobin beta chain - black rockcod 146 [26 [146 [2.00E-64
wﬂé'ﬁ 503133 461 151011 ngl(gg(ljobin alpha chain - black 143 11 143 |9.00e-76
NAMATDO 562 |14 |s62 |AAQQ7801.1(KIAAD103-like protein [Danio rerio]  [207 |1 |183 [2.00E-83
I;‘f‘m;;g;%% 493 (4 273 [AAP20210.1 [ribosomal protein L9 [Pagrus major] 192 |103 |192 |6.00E-39
gé&ﬁfgg;%q 422 1 354 ?_S.JAQQGOILRLS 60S ribosomal protein L31 124 {7 124 |2.00E-52
A Ar =0 518 [153 [512 [BAB70958. 1 [dnnamed protein product [Homo 3a7 les |181 |2.00E-14
g‘f\,{f{;;ﬁﬂ 24615 1169 |AAKO5140.1 gggigé?uasl]motein L13a [lctalurus 201 1147 1201 13.00E-09
AR G |49t (14 |40 |BABB3sas 1|2 ke-partialy supportad by 217 |1 {159 |5.00E-65
NAM-11E0 |se3js  [373[is1011 hemoglobin alpha chain - black 143 |21 [143 |2.00E-65
géh'\l{l‘l_:;ll—aqu 758183 |98 I;\JP_689862. ggg?etggiical protein FLJ34389 [Homo (474 |age l469 |5.00E-06
NAM AR 1 |706 |5 |550 |AAP20200.1|ribosomal protein L4 [Pagrus major] 367 (163 344 |2.00E-90
Al [431 {69 [353 |AAQe3320.1|530 ribosomal proteln .35 123 |29 [123 |5.00E-45
EJ_AM{AII;@ 4451a  |441 |AAK95191 1 ggﬁcrtig&sscimal protein S9 [Ictalurus 194 [a2 187 |2.00E-76
AR 2y 578 [380 [ago |P-003190. |iranscription factor 4 fsoform bi 667 |1 40 |1.00E-06
Blél\hﬂl‘fgll.—a?‘l 469 {155 |337 %(P—371042‘ similar to cytokine [Homo sapiens] 92 |31 90 |[7.00E-07
glf«%;;;g 532l5 |44 2\1P_956893. m:g]thetical protein MGC63512 [Danio (570 (423 |569 [1.00E-69
gf’\'\/{'{;g;%? 50214 |369 |AAP20179.1 rr:‘eae}grs]hock protein 90 beta [Pagrus (450 357 478 |3.00e-35
’;‘f&ﬂi-;;;%? 4861t 127351011 ?gg\(gg(ljobin alpha chain — black 143 153 1143 |2.00E-45
NAM-A2 =80 167 (4 (363 |AAH42268.1|Arbp-prov protein [Xenopus laevis] (315 |196 (315 |1.00E-33
NAUITG1 50 [or_|ooe paroenes.t[joge sadere uarine receoi®e g |1 oo |z.oe-z0
NAM- 1 HO 138314 (312 |PE08IRS7I408 RIBOSOMAL PROTEIN S7 194 92 [194 |1.00E-49
NAM- A HO 14204 207 i?i’ﬁ%‘%’}&a Hemoglobin alpha—1 chain 142 {75 (142 [2.00E-32
NAM A1 131404 |231 |AAHO3518.1 g’ggi‘g’;]" ribosomal protein L23 [Homo|y34 |59 |134 |1.00E-37
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50 ng of total RNA or 26 ng of poly A* RNA
{researchoer provides)

v

Synthesize first-strand cDNA

v

¢DNA Synthesis by LD PCR

v

Electropliorese a sample on a gel

v

Sfi  digestion

v

cONA size fractionation

¥

Ligate ¢cDNA to pDNR-LIB vector

v

Transform cells and plate out

v

Titer unamplified library
& check % racombinant clones

Fig. I 15-1. The flow chart for construction of ¢DNA library by using
Clontech’s Creator SMART c¢DNA Library Construction Kit
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A)

Poly A*RNA
S \AaAAAAAAAAAA polyA
. G0 .
% “‘G CD8 [N Primer (S5 1B)
SMARTIV ) .
Oligonuclootida [5F1A) First-strand synthesis _
copled with
{dC} tailing by RT
4 _
5 vAAAANAAAA polyd I i i
G ncomplete transcripts,
‘3'»"‘8 6 o — of premature termsination of RT
Template switching ’ X —LIYA
& extenzion by RT
Truncated cDNA
5w GGG \AAAANNAAAA polyA {Lacks &' primer binding site)
(00 I l
Cennotbe
conveted to ds cDNA
or cloned
B) C)
5 s GGG \ANAAAANAANNAA DolA - wo—
—— CCC Sm— — —
ShIA Sti1B
l l Size Fractionation
& Ligation into
pDNR-LIB
LD PCR

{from 50 ng of total RNA}

l

Enriched full-length ds cDNA

Fig. II 15-2. Step-by-Step construction of the ¢cDNA library.
A) synthesis of the first cDNA strand, B) synthesis of the second strand by
LDPCR, C) Sfil digestion, size fractionation, and cloning.
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Fig. I 15-3. Some of the expressed sequence tags(ESTs) obtained from the
cDNA library of the Antarctic cod (Notothenia coriiceps) liver.

>NAM 01-A02-F.abl 1 515
GGGGGAGTGAGAGAGATGGAGGAAGTGGAACTCAGTGACGGAGACTCGCC
CTACACGGTGGAGAAGGCGCCTCTCAGAAACCCGGACCTGACCCCCCTGA
GCCTGAACGGTAACGTTACCGTGAARACTTTATCTCCCTATCGGAGAGCT
GTATTTAATGCTABRACGTTAGCATGGCACTGCGTTTTAGCGGCTTATGTT
TGTTGGGAGTTATACGTCATAACGTTGCTGTGAGARACATTGTACCTTTA
TAGCTGCTTACTATAACATTCCGTCCTGTGTAGACTATTTAATGCGCCAC
AGTCTCATTTATAGTCGCAGTGTATCTCACATCATGGTCAGTATAATCAT
TCTTCATGTTTCCTGCTGGCCTGTTARAGTTGTTATTGTCCCACTGTCTC
TTTGTTCACGTGATCTGGCCTATATGAAAGTTCCACTGTCTCCATAGTGA
GAGAGCTGCTGTCCCTGTATGGATGGTACCTGTTGTTCGGGACTCTGCTG
GTCTACCTGCTCCTC

>NAM 01-AQ04-F.abl 1 669
GGGGGAAGTAGAGATGGTGAGCACATGGGTGTGGTTGGTTAGCAGTTAGC
CCATCAGCCTTTCAGGAGTGACAGACACAGGAAAGCAGCGTGGATGATGA
GGCCAACGATGAACCTCTGGACCCGGGGAGCTCCCAGGATGGATACTAAG
ATTTATTTTTCCTCATTGACCTTCATCCTCTTTGTCATGTTAARAAGTGGC
ARAGAGCTCAGTCTCCCACAACGGCGGATCAAATGCAGTCTGTGAGCAACA
ATATGGCAAACGGAACAACAATGCCCACTGCTCATACCCCCACTGGAAGA
GGAGTGCAGAGCAGATTCACCAGAGATGCTGACTCCTCCCAGGAAACTCC
CGCCACGAAACGCGCCACAAGCCAGCAAACTAGCAARACCAGTCAACGCCA
CTATGATACAAATGAACAGTACACTAGCTCCCAATAATGGCACAACTAAG
CTACAAACCAAGCCAACAGTGACATCTTCCCCATCCACAACAACTAGGAA
AGCCACCAAAGTTGTTGCCTGGGACCCGGAGCAGGATAAAGATTTCACCT
ATGATTACGAGTCCCTGCGCTATGCTGGACTGACCATCGCAGCAGTTCTT
TTCATTGTGGGCATCATGGTCATTGGCTGTGGCAGGATCTGTCGGCTGCC
CAACTGTCACAAGAAGTCA

>NAM_01-A06-F.abl 1 605

GGGGTARGGGGAAACATAGGAACAAGTCAGAGCTGGACATTAATAAGACA
TATCAGGTTGTGATAAGACGTGTTTCTACTGTCAGTGGAAGARATCAACA
GCTCTGCTCACTGTGGTTCTTTCTGTTTCATTTTTATGTACGTGGTTTTT
AGACTGTTTGTAAGTCTGTGTGCAGACATGAGTATTTGTTGTAACCGTGT
TTTGTGTCTTTGAATGCTTTGTTGCCTATTTGAGGTCTCCTTTGTAATCA
TGCACTAGTGTATAAACCAAACACAGACAGACAAAGCGAGTGTGGACAGA
CTGAAACCAGAACTCACTTTACGTGCACTGTGGCCAGTTTCTCTTCTGCT
GACGAAARAAAGCAACGTCTCCATTCATTTCCACTTAAGAGAGTATTTTT
GGATGCCCGCTGTTCATTTTACTCGTCACATTACATGACATTTATTATGA
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Fig. II 15-3. (continued)

CGCTTTTATCCARAGCAACTTACAAAARGTGCAATTAATCATAAGGATAC
AAATTCAGAACAGCAAGAATCCTGCGAGTACATTACCTTAAAATCGGCTA
AACCATTTGAAATACTTTTATAAAGATTGTATTTGTCAAGGTGCAGTTGA
GCTTA

>NAM_01-Al10-F.abl 1 437
GGGGACACAAATAAAAGCCATCCTTATCACCTAAAGCTCTTTATTATGTA
ATATAGATTCAATATTTACATTTGACTCCCTTATATTTGCTGTTTTGGAG
GTAGGGAGCAGTTGTAATTCTTCTTCTTACTGTATTTTGTCCACAGTTCT
TTGTAAGAAAATGTGAAAGTGTTTTTTTTTGCATACTTTAGAATGATTAT
GTTGCTTTGTTCCAAATCGATGCTTCTACCACACTCACTTGTGCACATGT
TCCAAAGATGGCACAGATCTGGCTGCTAATGGAGTCACTTTGTARAGCAA
CCAGTTTAAAGCTTCCCATGTTTGCTTATTCAACCTGTACTGTAAGTAAA
GGTCACATTTGTTCCTAAAGATTTATATTCCTCAATAAAGAGARAATTAC
GATTGAAAAAAARAAAAAAAAAAAAAARAAAACATGT

>NAM 01-Al2-F.abl 1 436
GGGGTATTAGGAGTATTAATACATATATAAATAACAAGTAAACAGAGAGC
AACAGCAACTGTATAATATGACAGATATACATTCATATTTTTTAAAGCTA
TTTTGTGAAGTTATACACCTCTCTGTGTAARATACTAGAAACTGARATCA
TGTAGGACTTTTTATTTGTAGTATTTTCAGTATTTTTACATAAGAATGTT
TTTTTTTAATTTGTTTTTCAGAAAATACATTTAACTGCTGACATTTTGCT
TARATGAGATGGGTTTTGGATCAGACTGACATACAAATGTGTAACGTTGT
GTTGTATAGACAAACTGATGTTGTTGTTTTTGAATCATTATGCCTTGTGT
TCGTGTTTTTAGTGGCTTGTAATTATATTTTGAATAAATCAGAACTTTTT
CAAARAARAAAAARAARAARAAARARARAAACATGT

>NAM 01-BO4-F.abl 1 424
GGGGCCTTCCGGTCTGACCGCCATCATAGACAGCAGAAATGGCTATCCGC
TACCCTATGGCTGTTGGCCTTAACAAGGGCCACCCAGTCACCAARAATGT
GACTGCCCCCAAACACAGCCGCCGGCGTGGGCGTCTAACCAAACATAGCA
AGTTTGTCCGGGACATGATCCGTGAGGTGTGTGGCTTTGCTCCATATGAG
AGGAGAGCCATGGAGTTGCTCAAGGTGTCCAAGGACAAGCGAGCCCTCAA
GTTCATTAAGAAGAGGATTGGCACTCACATCCGTGCCAAGAGAAAGAGGG
AGGAGCTGAGCAACGTTCTGGCTGCCATGAGGAAAGCTGCTGCCAAGAAG
GACTAATCTGTCACTTAATAAACGTTTTCTAAACTCTGAARAAAARAARA
AAAAAAAAAARAAAAAAAACATGT
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SDS-PAGE 7ol X} &< band2 FAsty 1 54& ZASIAS. ©l9 o8
S W54 olF< Notothenia 4:9] o]F 9] AgholA @il F3) ELE HASI
54¢ 240,

a

1. M2
ae AAWY A5 e FANTE FulEs o) S 87 A
2 BEY B4E Adstne AL wEo] Aut FEhukEd] vigf 2 AdtolM o

7§71 SEE A FHEA AHEE & A JHsAEe B4 oY
FAo 7108t e Hie v A4S HsT v ZAF A HEL
1k-$-(nonenzymatic reaction), 3}&tukg-ol| Hls] & 10°-10"ju Hw Ao g
EolA, BEgA g Fol4, 5 72 5 FHd o Sl Fd 5
Aol Qlo] &8 Zuf wk-ge uls] g MeAo] wi¢ ¥

oy olgg Be FFAE EFstn AL S dA AdF $8 HA
7b AgFQd AL BALE A718E FAY FuE AHgdte Y dehvde 44
o 7Idsta ok &, @AY dFQ HaAE E2FFHoE oyt 4, Gl ¢
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kol #7140 AFEEE f71 &ulol S8l 44 WASAY BRAREE 397
BE EF WS J1dolu 4R o) Ha Y4 HalHE ALE o] 7A
e 4489 FEE F/MIEN A7 Qo g8 TP us) giHez A

°o.u
L

FE WS AV HM 54 E o)8F FA oM E BE FE 2R2H 2ELE
ge sl o] ExehA Hu AANL B3FE 299 Hu ok oYdx
40 71d Boldo R st oyggd s Algo] AdHo fAG FRE 7
© AEE vE 71 AHgo] o YA IE Fot
a8y 2 5ol §d 3, dd I ¢ 5% 3% F 7|2 GE Bo}
o] WAFA HE FFH Eobd ¢ NLE T EAHFEES AL F A& A
o2 ALHR k. 53] Ad Ao AFAEE HoJUe HAAE APFH 3
o A= E WA I &4 NEL 715 ML} v)=EA(non-aqueous) Ea
§hg7) 71 L § E4 Ve 88 Ve ANEe 4 Fvi9 o] g A<
H3tE 7MAE Aoz AuEn doh F HIAAY 54 e AL AYs &
g 28t FE&9 FejolA AF ol dojue AA wS-E oj&de Rl A
o] diFEFolfout 1980 o] 71€9 A4 ¥hE9 /Fd& Bojd AF, wiA
Aejel Mg f4 ghgol) dld] A7 Ad Q2 5 ¥Eo A0 ¥%iA
HA Fe &4 Zvf ¥h-$3 FEHE nontraditional biocatalyste] 7jdo] A5

Aot AdFHeR onE 7] AFEE AL 1884d vid @ =9 Hansenol
FotA e YA rennetE F238t AREE Rol ASoln 1894 LA
TakamineZ} Koji BlFHo 2 FBo|e] AmylaseE A3t st v E
S o] &% JA ALl BAZEHUY. olF 2047] Eo] 5Y9 Tohmod] &3t
My 71g 9@ MAld E4AE o837 ARSRT 1911 ¥ vl 32 Waltersten©] &

AE o]83 Chill proffing W& 7NLdet T o]§ &7 4F, 373 T4

2 o=tk

A A 2de A7 e 3 GAER TR Al 1 dA s 1908
Y Boidin 3} Effront7} Bacillus subtiliss A 8] <F3te] amylaseE A4Hel7] Al%
& o]F A 2 A AANAE HWFEtH HRu) 4 (Submerged fermentation)e] |3}
&8 UF Ydte Zieo] AYHY. o] doe F2 HF Eod o] &HIU
8 Bhe FE AR 93 A48 @A SH BAEA A4YS FE FY
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g 2 FBolst olgHYon Ea AU YHe F2 1 47b Exel A
99

£

g4 FY FAHY A 2 A= 19539 §4 1A 3} (Enzyme immobilization)
71% 7QEole) 19693 Glucose isomerase?] A 1A 3} wH§7|E FdA 1FxF:E
HFe) Aol bR oo me} G4 PR AF LS XFste] Fd 55
AFY AL E o] &H7] A FFTh. o We] A AL WHES A 1 AgY AR

g olel {7t wlde dte #7714 wiFH(Fed batch fermentation)o2 o
AR B4 ALE 2 NG Az gL AFS e wWskels] Alststd.

A 3 AT Ea 7189 WAL 1974 HSA Ed WS FHol 4FsEw
1988 wlA Ea WSV AeSuA BARHAEN o] Wel Hx 44
Ae F2 FAA AZYFFLEAE A8ste] 548 oiF 4aste Pe 98
Qi Fa9 FAE @A T &g B MY, VPHOR o]8ET} F
& 5o Aol A=t AEA AP gAae xy)o 1Yrt 54 AY F

BN
e

AolA A4, AFolA, Aol&gol e i ALE AHstd AR Al
71E€g o83t oiF Adste AANZ LA} A 3 AW BEL 7€
of 7% EAEL esterase, hydrogenase, lipase, oxidase® 9 H47} 73
of A71 A& AA AL AAL AA &x AFE A 3 Ald B&v|2 EF
£ 19850 uld|A 8 F<l 1993139 &4 Aol 225% F7HE 99 @ £Fol
3 olF F7| A Xd, AW 3 oyl F43] ARste AdeE dFHI
Aok 71g 9ok, B=x 9 H5¢ Ay AF, FE AR Eot g§7]15ez it
fh AFo]l 2719 AF Y FAAAM ABFez O &E&F0] WA A 3
Aol N e Ex ol go] B3} wgel Fujz ALEH7] AFsted o mad E
€ 714 Eo]A(Substrate specificity), enantioselectivity, regioselectivitys9] A2
& o] &3} 17}9) chiral intermediastes A%, FAEAL] FIHA ¥4, @53 E
2ze] oJOFE, ABAY HAH A B nEA FABY Y Sol TrFEHA o
5o ua} o]lgdd AAES AZu|(Biocatalyst)zt BHstL EA AP HEoke] A
T Eolg gFEHI ok ol AFZvjd W o= FY 58 oA 1993
dxdie 1985 tiH] 563% 7135 45009tEE 2 Eolua glorw ol#d FA=
A3 A58 AoZ nAY. olsh o] e THFE WML ol&Fe] w1
nHE Qe #&i9 2R Aa oheksld 19619 71270, 19643 87570, 1972

L
2

&%
K
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17707), 1978\ @ 21227} 19843 24777 2¥]x 1993y & A 33004 7i7F B3 H3
Atk Al 3 Ade Za& o Tled AT BF EEH} TYE HA Y8 ve
(Clean technology)e] ou}2 JAE AlM&slele Aol F713te Ak At
1EE, AdYA, AF3 7ed i ol§ 7Es =YFe FA ot
A3 A 54 FT 7led Adel d8F Fo BE Vs V|2 47
okl R E B4 7le, &3 ¥ Vg, 99d 38 g, 9d 8 34 Ve
ol a8 &8 AT Eokl #71 ¥4 Ve, ¥ v§ V& LR T U
8 AA 7le Tl AU,
el g4 F& 7j&L AA 2 7]&(Biomemics)o] 3 Hofgl H4 B
W 7]&(Enzyme mimetics)2 1982d #Hx 9] JAFa&AVF FAHAE 3 VA HAxn
AA7MA A BL7 7R e LEAA, 84, v 2 AANEA F9 &
AFE FEFT AFEAQ xenozyme, abzyme, © chemozyme$ 2] AJAalo] 713
Aol wetr 549 A4 Ver AFTFHA vAE THHd o YHEGRE 714
oz AYY B oz B BHo| BT EAE 4P AN 5T BEr: 23 F
Aol Jald 48 @ Ao daEnh ols TE slge] HYHW & o
e A EE&H1 e X HFE AY 38 g oof RokellA A 4 Eeok
E g o]8E ZAolx B4 ¥ SHHUA AEKFHOE AEEHE FAA Ei
A7 AAEE A AA 75 22 HAoE dItes AES AAEA 2 A
o2 7€
ol 2L A Y AL AEH a7 F9 Jlee dEd 9N
gr1deg s o 4dE Fo4d0] HA 7sH wetA &9 ¢
Aad gisiME A Zlso] AeA AFE FUAsa o} I e A
40 gHo] T8t o] BAES o8 MER TA MTE T UAYE HS
&2 T8¢ 9u7} At
& £g3te d8e 98 7R dE F oy vAEY By e
FHZ ¥ TFc 4 ¥l 237 FHEHY e A7]d A&sA 289
& EZY d82A4 IFE F doed AN AP HE:
Fermentation §-& ©o|&3te o tz FUAA & Soke ol Ax oF&
aF MNF T Tt AdFes FUHAZ = Aok B S 53] AT

Bt A A4 2 2% 7ol vlud & FYHo|len 1 genome A7|7} &

o

i
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dx 9 7le Qlolx F3A ZF9 75ARE dedts AE ZFYPyog B
.

o
e
Kl

4
pac

AA B AF FEE A2 12 6319Y(199993 71F) F=olH, AL Al
A AN ARE dula =1L vF AE 5 22 AT 714 E0] #gsta ¢l
o Tl AAlE &4 AR ALE, Fa9 dRES 9o odEsm glew 1
A FEE A7 F 9 g3ttt g Fu AElA gy awd 2
247 AAstE BS AAE, A4EE, A 24 7MEE 2 g AF7E T B
ofollX B BE&E U W ol Y oA EFdE BEE FEE F
& AA AF JRZ, F7F ARG Ao A 7198 Rez g

THE A4 AA F ANFL 1994dd] ¢ 10982 =T o
29 o] & 4E WE AHAE 32%, AR /1FE 15%, F7HE 14%, AF 7HF 10%
a3 718t 29%2 FAHT o ojd 549 AMRE FAE FUisle 2005
ol 17 - 2098 FFd 28 Aeg YA

ol B3 ai(ZZE otal, Protease)@ Tu}el, EJA o wuid 7}
Sl 84 e 99d &3 E4E FHde AL, olg Edo] ¥y 3
€8 3% uEe 399 A4S oF= Ay 59 dwds By 45 9
o] dFog 43t FF71 &olg 94 FEQ HES YAHse 59 &AE&L F3
gozA B3 ALY 483l g H¥ 7T BAE /AL F AL
Wk olvel By HUMAEZA 298 8 23 28-S veEhlo 33F £ $FFF
o] HIHZA Bo] ol&HI v EHolth. ol FAEY ZFoY HE, vl
Boll @2 A R EXF sUR g 9uddY, Joly 3 oS
FHbsle Egawzdg A9x Utk 23 GAd ste i EriolA
(exopeptidase)9} =3 E]t}olA](endopeptidase)Z2 A &2 vttt daHEG
oAl Fel=Als] dddvt F&35o] oln|ieitS AHE fEAlth 2olile}
e totAy FtE2RAFEGolA 7t Bt Ax=HEriolAle geRT
T 238 Wid AE3td o7 71A] 27]9 JEHEE FIPAIH. A - EYA
FFIZEYRA § SRS 97 doh E, Fv) FLEe ol 7 (BEE)Y
Z79) 23toq Ald B4 -EE 5L - FE5 84 QA 5L 4302 BERE
o ZEEoAE AEC At BT dA AEQA oprxeitE gE dY
2 Eadl st HHAY weo] dosn, = duld 3}ste] glojA Tyl ofn
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A uiE 230 FoF 9Es do

£ A7 e odd sl 830 MYstn e G Ao IN FL
FTES= vIAET] Id502 AMYdte MAEES YAoE FFE &F Y, B
E3a ol5 S L E NYHLE 8T 5L HATY A AR
g 3o B4 97t AALE B39 847 58 5498 FEIgY. o]
A Fug 5298 o 88t A A HH 21& st AP ELE 23
A 2 38 BoFE ML oA EE FRE F
AED 9 78 229 AIAZAY bt ol vimE B
Befol EA A FAAY = ge MEL 4§ EF9 dHozM 2FF Aa
o grlE AYx 7= st

2. M7 H uHy
7 232 22 (45 A28 M7 @F =2H)

@5 AA HFHEL SCUBAE o83t o] 32 me F4dA AJEHUL
o Y e G HE 7]A ¢ Marian coved|A] Aot A FA]| F&
< 05 - 08 °CHatt. A" AlEE 7IAZ &AHA ZoBell WjxE 7|Rog 3
platedl A Z #F71 £ EHANLH Ed FFE ok Igloo chamber(of 4
FdE7ol A¥A, B & 25 °C)ellA 10 Y3t w3t At
CAE A B2 Y AT2 AZBE A 29 A L A2 AA F
&)Y (Barton peninsula, King George Island)
- AE AFH A7) 1999. 12. - 2000. 1. (Austral summer)
-HF AYY L& FF 2% 12 °C
A &£5:-5-5°C
‘AEY FF:EYS AR A AE BFNE BB NRE T F
- ALY FF9 £9
AutoclaveZ 1%} H@ ¥ 15ml conical tube(PP)ol] AlE lgramg YWi <
71 939 50% ZoBell Hjx] 10mlE 713 % 383 AHsA &S50 MFES F
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23 3 Ao £AE A 87} gk & A59E 01ml ¥ FHsto vig £
I 50% ZoBell-agar plateol] 713 & =@3le] AeloA 15987 v st

7% 2E 93 Y AE A8x SCUBAZ FdE FA 23 g AxY
ANEE FHod R B EVE AANL dFE IS o83t HuiHe] 05
cm ol&tZ A AE H Imle dFE s{FE 7istn AAPERE AR olE
ug) FlE By wixo] 01ml 4 r}stn @3t A Fgol IAE WA )
Jalgct. A HFHEoY ¢ Pd® 50ml conical tubed] Fol APHLE
Hkste] st

ok

- @ e AHEE A

1. Bennet's
2 g  Glucose
2 g peptone

1 g  Malto extract
lg Yeast extract
Agar 20 g/liter
Aged sea Water

pH 7.2

2. Starch Casein KNO; (@2 s} 54 #ER)

18 g starch
10 g KNO;
2 g KHPO,
2g NaCl

03 g casein

0.05 g MgS04.7HO

0.02 g CaCOs

001 g FeSOs.7H,O

Agar 18 g/liter

Aged sea Water 70% (pH 7.0)
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3. Chitin (Chitin ¥3] &4 ZH&&)

4 g chitin

07 g K:HPO,

05 g MgSO4.7HO
03 g KH2PO4
001 g FeSO4.7H,O
1 mg MnCl,.4H>O
0.1 mg ZnSO4.7HO
Agar 20 g/liter

Aged sea Water 70% (pH 8.0)

4. M3-1
0732 g NaHPO,
0.466 g KH>PO4
029 g NaCl
02 ¢g Sodium propionate
01 g MgSOq4
0.02 g CaCOs
001 g KNO;
0.2 mg FeSO4.7H,O
0.18 mg ZNSO4.7H,O
0.02 mg MnSO.4H;O
Cycloheximide solution 10me/ liter
Thiamin-HCl solution 10mé/ liter
Agar 18 g/liter

Aged sea water 70 % (pH 7.0)

5. M3-1I
0732 g NaHPO4
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0.466 ¢ KHaPO,

029 g NaCl

0l g KNO;

01 g MgSO,.7H,O

002 g CaCOs

01lg Sodium propionate
40 mg Thiamine HCl

0.2 mg FeS04.7HO

0.18 mg ZnSOq

0.02 mg MnSO4

Cycloheximide solution  10m{/liter
Thiamine.HCl solution 10mg / liter
Agar 18 g/liter

Aged sea water 70% (pH 7.0)

6. ZoBell H]#|;

5¢g peptone,
lg yeast extract,
Agar 15 g/liter

Aged Sea Water 50 % (pH 7.0).

7. Sea Water Complete media

5¢g Bacto tryptone,
3g Yeast extract

3 ml Glycerol

Agar 15 g/liter

Aged Sea Water 75 % (pH 7.0)

Wl 717t & 2 plateE AANEIY #A £ o] A€ plated] 4] 2+ colony
g 979 loopZ WA ANEE agar plate 23] &7|1 3 F& HLoA E &
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3 AL AuolA WPstel WY BAFAA colonys] UL EUH G AL
(sl Aol Hojg FFE AEsHAT

Lt @52 53

1) A4Sty 559 24
B8 759 A3str EAe A= API-20NE kit(BioMed)E A3}
. & kite 93 F8& A8 AL2AM 4 AT BF ¥ dF¥e 2 A=
© YolAAR kit 3} Hollo] GAZ & #Fe] 5RE EHIeHe {83t
2) 16S rRNA variable domain sequence
L93o 2 X E] chromosomal DNA ®&|3}7] 93l 193 #FE 200ml SWC
Ao 10T, 160rpmo2 16X HE wjgd F centrifugationd] 9|3 cell
pellet 1g(wet weigh)y =& Att. o©]ZFE weak alkaline lysis methodZ <F
50ug A= chromosomal DNAE 34319t} Agarose gel electrophoresisol A]
24749 chromosomal DNAS] H#F ZolE ¢ 200kbp B9 Aoz A HUoH
o]& TE buffero] 3o B @35t ©o|E templateZ AE-3le] 27F @ 342R PCR
primer set& ©]-&3le] PCRE £33t} Bioneer Co(Korea)9] Premix PCR kit
£ A&3¥a 7]7]+ Perkin-Elmer PCR-4802 Al8-3}le] 30 cycle wh3 A}
Agarose gel electrophoresisoll 4] 340bpell s FHE bandE o] ©]E PCR
sequencing WHOo 2 7] MEE& ARSIk Automatic DNA sequencer(ABI
prism-377)9} Big-dye termination kit(Perkin-elmer)E A}8-3led AME& ZAA3}n
Aol g7l AM¥L Genbanke] 165 rRNA sequencer data-banke} H|m3sle] T
9 T3S FY3A

3) A 2 A 29 £A}
Wty FFE 348t Folch solution(CHCL-MeOH = 2:1)& F&3ta 1
Z%2" AW FAE Ga ol & silica-gel column(6 mm X 15 cm)ollA] #2133
t}. CHCLo| %< & X4 silica-gel columnol] 7}3slx 1xE CHCI3(10 column
volume)2. 2 F4 A& §233 232 acetonelZ FAAL L& & HFH

o2 MeOHE o]£3l9 XA &t FEd & AL HEL rotary
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evaporator2 &v|E A AL FAE o} HFHQ AHS Mt 4 AW A
32  TLCFID(thin layer chromatography-flame  ionization  detector,
Iatroscanner, Iatron lab, Japan, MK-5)¢} ChromaRod IIE- ©]-&3}e #4314}
n-Hexane, acetyl chloride, chloroform, methanol, ethanol, diethylether,
HT(Butyl hydroxy toluene) &2 Merck AlY] A|FS AlEF O ¥ fatty acid E3}
fatty acid methyl ester & A]&+& Sigma Chemical Co. A FS A3l
£ A4 AMEE EE Sride A 24 EAS A% 583 F+E AYstn
E & A3AlZ2A 50 - 100mg/l o] BHTES #H718em A¥4ake] methylations]
A&-® methanolic HCl ¢] A|R¥ acetyl chloride 30mlg 4°C 2 ]3] wWYLF
300mle]]l A3 FowA o] FAZE HClo] WddFo] &3d &8 A=A
o}
¢F 50mg 7} W4 #AE Eppendorf tube(2.2 ml) o] 9] = 0.3ml
9] methanolic HCl ¢ £371 & 5 %7} Vortex2 &E50] dgA7it}. dg = A|g
55°C gLF oA 2417t F<t ¥F§AlA methylation & $Z3% ¥ 04ml 9] 5%
NaCl €943 1.5ml €] n-hexane & 7}¢ & 30%7F VortexZ &EEo] JAE fatty
acid methyl ester& n-hexane 02 F&3c. 7ARF F & Hstd ¢ 1
#3F 15,000rpm oA} ¥4 E2§ ¥ n-hexane & pasteur pipet & AME3l] Af
28 15ml E9] Eppendorf tube 2 £71 F o] 40°C oA Heto Al9] Speed-Vac
7} aspiratorg AM§3te] A& RIE < 0ImlE T FFAIYU F AL =4S

7|7 AEvtEISY 2 243

- Gas Chromatography

Hewlett-Packard gas chromoatography(model HP58901Iplus) <}
Hewlett-Packard ChemStation data aquisition S/WE& AMg-332 EC-wax(Altech,
USA) capillary column(30m X 0.32mm)& AF&-3te] 195°C oA #2]3t¥ 1 Flame
Ionization Detector2 &3} carrier gasZ& WHFS ALt Gas
chromatogram oA Z} peak = ECL(Equivalence Chain Length) gt& T3l &%
= fatty acid2 FA3ATH

- Equivalent Chain Length(ECL)9] A%
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Fatty acid¢] A& ECL S I retention timeS Z XE F3e AL 3
FTHY columng AE3}5l Y XA BT uf 7153 Aoz oy o o
TAZRES #3 Ue APIY BN {83 otk ECL AtE A% BF
EZZ2 & tetradecanocic acid methyl ester(C14:0)9} hexadecanoic acid methyl
ester(C16:0) & AM&3IHT. L A4t ofef ¢} 2o

N

lo (Rtx - Rts) - log(Rtis - Rt
ECL= 14 + 2X & B )
log(Rtis - Rts) - log(Rt1s - Rty)
Rty : Retention time of unknown peak
Rt; : Retention time of solvent

Rt;s : Retention time of hexadecanoic acid methyl ester

Rti4 : Retention time of tetradecanoic acid methyl ester
4) gl A B3 Fio B AA

e v 54 B4 w4

NH " NH,
N\O\ ) HZN\O\
o] +
o]

L-leu-p-nitroanilide L-leucine p-nitroaniline

g E2E FE 230ml) 44 WigFstq] aAE AAG wFdE 712
L-leucine-p-nitro phenylanilide$} ¥F-$-3td 405nmeoll A H4 Alg A% (Microplate
reader Al-8)3}SH

iz AL  Microsomal leucine  aminopeptidase  (AP-N)$}
L-leu-p-nitroanilide HCl2 Sigma Chemical Co.9|A T3t A3 96

well microplate®] z} welle]] L-leu-p-nitroanilide.HCl stock solution(15mg/ml in
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DMSO) 0.1mlE A& A 10ml¢] 0.1M TrisHCl buffer(pH 7.0)2 3] 4] &}
o] £ 016mlE 713 F A wjdY 100ulE H718led Microplate reader
(BioRad model 3550)2.2 %7] FFEE 405nmoA] =33 & 3087F ¥H-gA]7)
I A 405nmoll Mo FFE #MHE FA3Y FAHE pnitroanilies & F3SA
ok

) Wl Fqal A PLCO 27 &%

- Acetone powder #Hol] 9%t extracellular protein®] &3

4CZ A% broth 500m¢E Dewar bottleo] @o}A] dry iceE 713l 4
3} 30C2 23] acetone 1 liter& 7}3lT 93t 20C S §X 3 AH|o]A] 3087
"Wrx]8 8 Whatmann #1 filter® A}28la] Buchner funneld)A] vacuum
filtrationa} 3L filtration$ diethyl ether washing 3} dol3lE acetoned ¢A
3] AASHG. ©A] diethyl etherE d#lA AZE pellets speed-vacol A ¢
As] Zd I or)e] 50me] TrisHCl buffer(50mM, pH 8.0)& 718t =9 £
o]E t}A] 10,000rpmol] 4] 1023} centrifugesdts] denaturation® proteing A3}
I B4e JAEH

Acetone powder ppt He AHL A FF9 autolysisTol st A3
A== e lipidE9] acetoned] o} WUrtEz o]ge] AAZ wj$ &olsl
% ¥4] A] chromatogramo| w]-%- i3] xti= Fo|t}. Acetone precipitation?]
EAHE B TF7} sea watero| A v|gFSt2E acetone Ex] 3loA = salt7} T}
ZF ¥t Adeoltt.  webA| acetone powder®Z AAAE AgY FFTHLS

sea salto] 31 o]& EtOH ppt2 AA" 4 stk

- Ultrafiltration ©] 2]%t extracellular enzyme?] &3

F 20 liter9] ujd-& Microgon A} ultrafiltration tangential fiter
(MWCO  50,000dalton)E  Al&3le]  oFHOZ  enzymes  FFH3IFTH
Masterflex peristaltic pump& AME-3I¥ 1 $¥L 20psiE FASFALH flow
rate 120m¢/min2 2 2A}HT. AY A WL 2= 10TE FAIA2H
A 899 L5 E ice-water batho] o} 10To|stE #-A54tt. F=d &
2:9& cold chamber (4C)ol] R#ste] Ha| HAo| Folzkh E g AMg
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317] Ao A4 A3 (50ml E0]) stirred cell ultrafiltration unit(Amicon, USA)
g o] &3t o] T/ MWCO <€ %+ UF membraned: ©]&3lo &4 &
do] Yehte fractiong ARt cFHYA a4 EAFE F3laL olE nig
o2 ¥ AFHE Y3

- Fractional Ammonium sulfate precipitation
Bl o] Ammonium sulfate powderE ¥ 3% 35%, 55%, 80%E 2tz
E3A 7)1 G A& salt-out A]A centrifugation® 2 Z} fractionS ®&|3ty 2
84S A a3y & WL kol proteing] o] wa Ry}
oz AF ALgsy|de 2471 2ok oelr Ultrafiltrationg o] &3] A
274 $EAZ T AT
t}) wjggolA] PLCO ¥ AA

- DEAE-cellulose ion exchange column chromatography

wjgel& SWC wiRlo|mg o 75%9] si4+& T3t Ut wjF Fol
€ WA wet ga2xtt REHos ke g Mart xFFHo o AT
o] A% olgjg Aol 43tk oY@ Mave AL B AHA AP AME
FEZ AR AAE Fol mEAsY. A7IMe wWjddE U=
DEAE-cellulose column(2.5X 30cm)¢] loadingdlil &gl o] salt T A=
resind] EF&5 e MA AEES AAZFIAY. o]lF YA 200me 50mM TrisHCI
(pH 8.0) buffer2 washingdlxl 0.IM NaCl®¥ 1.0M NaCls 373t Y
buffer2 linear gradient& Z¢] binding & &4} MAY FEE AT
ot} Flow ratee 1m{/mini UA-6 uv-monitor(ISCO Co. USA)ZE proteing
elutiong ZHE&3H

- Desalting with desalting column(Econo DG-10 column)

4 litere] A]&+ UYA] Microgon ultrafiltration module(Minikross lab.
system, Spectrum Co, USA)Z MWCO 50,000 & filter(area 3,500cr)E A&
3t Wi 500mE F=3H T, ©]S YA] AmiconAle] ultrafiltration stirred cell
(600ml capacity)® MWCO 50,000 filter(YM50, 7.6cm)& AM&-3le] 100ME 53
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3tk ©l& desalting column(DG-10, Bio-Rad Co., USA)& Ap&3le] SWC
A FHE G2 wiA ZEE AAST 50mM TrisHCl buffer(pH 8.0,
containing 0.1M NaCl)©. 2 buffer& w33}

- High-Q ion exchange column chromatography:

Sample 10 m¢E High-Q cartridge(5m¢ vol., BioRad, USA) 3 /& 23
2 dA% columnd] 7}dte] FAA|7) o]E thA] 15mfe] 20mM Tris buffer
(pH 8.0)2 washing 3} binding = A] &2 proteing ) A3} c}Flow rate =
1.0m¢/min). 283 Y ¥ 0 - 0.4mM9] NaClg ¥ §sl= TU3 Tris buffer 1
Z} gradientZ binding @ proteing elution A]Zt}(Flow rate = 1ml/min). T}A]
04 - 1.2M NaCl 2z} gradient® 7Z38}A §34 proteing elution A|ZTh A&
g 7]7]& Bio-Rad9] Biologic protein purification system& A} fraction
collector(Model 2128) z}z} 1.0m¢% 9] fractiong Yo} 2z} fraction®] BFAS HAF
3k 3 Active fractiong R.o}A ThA] ultrafiltration© 2 ¥ &3¢t A3 A
BE vEsled £, £33y &4 fractiong 33 Atk 7ZF chromatography
AN 'A9 HFA F=e HPLC-GPC(Xer-chrom-400, monopump, Alltech
GPC column, TSK-gel G-3000sw, 0.75X 30cm, flow rate : 1.0m¢/min)g A}-83}
o EHSAT

- BioSec-25 gel filtration column chromatography

High-Q ion exchange column chromatographyelA] 7173 & &4& H
¢l fractionQl 04M NaCl eluting fraction® Bjo-Rad GPC column(Sec 0.75X
30cm)S AHE-3ted EEstHcth Y3 50mM TrisHCl buffer(50mM NaCl)E A}
2390 flow ratex 1.0m/mine.2 MAFHA. Z A2 1AL HEsY
Fdste] Model2128 fraction collector& ©]-£3}e] overlay collection®. 2 433}
Aot

o

- Bio-Scale Q2 column chromatography
Gel filtration column chromatographyollx &A-& 2 EFL Ro}

Bio-Scale Q» column(Bio-Rad)& ©o]8&3l 22 ion exchange column
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chromatography & 433} %t} BioScale Q-2 column(BioRad Co, bed volume :
5ml)E ©]E 2 column volume®] PC/25 buffer2 HE-& o]FA 3 5 13 GPC
columno] ] §-& ¥ protease A|FE 10mlE A 3] (flow rate : 0.5ml/min) 7}3}
columno] F2ZA|Z] H 2 column volume® %7] buffer(Q/20 buffer : 50mM
TrisHCl, pH 75, 1mM EDTA, 1mM DTT, 20mM NaCl)Z BioScale Q-2
column & A3y (Iml/min) F&=HA &L proteing A A3} column 3
o] ¢ 8 wjo] sFE+ F3e Q/20 buffere] Al Q/1000 buffer(50mM TrisHCI,
pH 75, ImM EDTA, 1mM DTT, IM NaCl)Z& NaCl concentration gradient&
ALg3te] 29 enzyme 5L #5340

- SDS-polyacylamide gel electrophoresis
Novex precasted gel(8%, 8cm X 8cm X Imm)E A}83}<] native gel
electrophoresisE 433 F . Soybean lechithine plate]A] halog ¥Ad3l= 9

AN mae] EAS BTk

Native gel sample buffer (Tris-Glycine, 2 X)

1.5 M TisHCI (pH 8.8) 4.0 ml

0.1 % Bromophenol blue 0.5 mé

Glycerol 2.0 me

D.W. to 10.0 me

Native gel running buffer (10 X)

Tris base 29 g (29 g)

Glycine 144 ¢(14.4 g)

D.W. to 1 liter (to 100 m{)

1 X running buffer should be pH 8.3.
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3. A7 439 n@
7 5 @5 AR 2 7R a g

T AT 78 2% F 29 AT £ 549 #FHLe
£ 273 @57 4ol olF 3 AL protease A4t
Aol 4% TF WE Y2K-AL93 (L93) FF 9 5 & Adslgoen o
HEHoZ 193 FFE WHeE 54 % protease 28] FAES FP&ct. B F
FT @ 33telA4(1,000 &) o BoFe] TFE 5 - 10ColA ZoBell A wjf
Al 18A)17kgto]] cell densityE Hole 660nmolA el FFE7t 6 ojlFo g Frlsies
- ¢ A2 gFolw Gram ()4 ATo2A @v|FeE £ FEHE rod
formo 2 agar W@ wjA|] vWiYF 7A-¢ colonyd] M7 2 QAUA] MZolm uj
& Aol AdFE FHFE vehdth HEE JHR Q1o olFAo] on Ho
Hdl 2m FEINUT AE 7MF LEE 4- 20T HHolx 71 & Age &=
© 10 - 15T ¥ ol V/P testf A= FAol3 citrateE ©o]&F 4 UAeH
catalase, oxidase, arginine dehydrolase, tryptophan deaminase &4]-& 7}A|311 A
o1} B-galactosidase, lysine decarboxylase, ornithine decarboxylase®] FA3& A
EHA Futh Ha vA A 9l gAY o] 82 glucose T AP AHE-H 8
FY dFF EFE ol&dtA R EF wiAE d8Ese IFE AANG. B
75 A total DNAE #&]8}e] E. coli®] 16S rRNAS] 27F¢} 342R primer setE
A28t} 16 S rRNAQ] ®o] 2 9E PCRE FZ3 & g7 MI9& AAs s (Fig
O 16-3) 019 7] Y& GenBank data bases} Hlmdle] FFHL& TR A7
Shewanella  gelidimaring Z2.2 §H o] o|& §. gelidimarina spLI3o2 P 3}

stk
U J4 wjgzd 59
SWC, ZoBell, LB, HI 5 4 %89 W& Algste] 9 B3 24

(37 €= 10T pH 72414 F38)o)A WP Z$ 9A] Hi(heart infusion) ¥}
AHS Aol b SFAUT W% F IUARE FAG AFe nel 494
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A600nme] ko] 1512-15.14¢] ¥& S Holed o]z)d AL Heart & 59
< g5 AWS AAste b AR g4 Y47 Y 7] gEciEty B
A LB WA E o]} {FAg 4Ag Holw Qled HIY Ho 14.13-14.70
%l Hl3to] LBlME 114113379 thd Re @S HATh SWC #AoHE A
Z<& LBY HId| ®lste thad @ir).

ZoBell broth ¥jA]E AME-3ld 2+ 4, 10, 15, 20T £ FFE wj g3y
HH A =& SHSAT. ¢ 7 49 wid A FF A4 AT L93L 20
ToAAe AY S BolA &gt %] cell densityE 042 st HZ3
el A 7 A7A] cell densitys A& F718tA gkgkow M X7} BFstd 47}
= Al 2o HIF FHE APN ZANE wsAYIe AESn Sl Res
et o] wlggES A2 plateo] FF3 MM wjFd B¢ BFHA A
e Bo g4H3] AMdEAe g oz B Nige) B3 5C 0] 15T
AMe vf-¢ 2L A4FE WAt wF ¥ 2Y7A & lag phasert A& =y 3Y
AEE FH3) AA3S Hd cell density 3.75 - 4.018 Z7] HFZ9 108|714
ARsta ey A 129 g Wi ¥ 6YAFEHE cell density?] H7}
UEhta itk

B a7 A Y L= 10T 242 gt ug T 6dA71A A
£ AAL Holm gleni(cell density : 413 - 531) 79 A stAof ttAazte] 7
&8 Holx It o] £EE HF AHF V1A ZAY dF H1 2= It
HrEo] ARtAQl vl EE X7|o HAFUY 4TAAME 10T XY AL FAF
¢ AR FEE Holx . B AP g LI3FFE phsychrotolerant7} o}t
psychophillic #F9E& dstHtt. @A E3) B840 HEL casein T HB
Hj Ao 4] casein®] E3ol wet EFFIA w7t Y TF FAE B2 haloE

A He A2 FA¥ & AvhFig. O 16-1).
o 9wl B3 59 ¥ A
1) 7] #5949 24

E FF9 g3 uldol= Sea water complete(SWC) WjA|E Al&3}
Aot Y 2 WA= ZoBell Wiz &t A AREHQ HYF v E] Mo
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2 gol AEHIE s 5% 2xg gRdddE Wi HF MAE Ba
2 g B BEx9 I EAFE <47 9359 Microcon centrifugal
untrafiltration kit(Microcon-10, Microcon-30, Microcon-50, Amicon Co., USA)
g ol&ste E8E Ur 4 289 54 84S FHEEY. AF dH %5
%olge] &4 BAdol EX}EF 30,000 o]l A 50,000 Alo]e] fractionod|A] AZEE]
o] B &40 AL 30,0007 50,000 dalton AlolQl Ao 2 g o}
Ultrafiltration2 H4 849 FZo] agFol7|& st &3] 2A &
3 H]go] ol o] A4 BXY FEHEE AT E WHEY HAEAE vIwIH
o 4 71F &3] A5 ammonium sulfated] 93+ precipitation}y < F
g 3lg = ammonium sulfate®] HZA X3} & AAS7] 93} Fractional
(NHq):SOs ppt WS AME-3Ith. A3 30% E3} A, 50% £33} A, 283
80% E3Ale] Z+ YHEL H45te HA e TrisHC buffer(50mM, pH 8.0)0]
Ho A48 vud d3 gREEe g4 AL 0 - 30% X359 fractiond] A
EAHAI 30 - 50% E3=o JAEAME e Edo] YEh 0 - 50% X
B=E AHEE A dFE 54 84S AN # e ReE #yET

2). S| FA T Shewanella gelidimarina L-93 o A] protease®] ¥ A A
Shewanella gelidimarina L-93 @& SWC Hjz]|& o]&3}la] 10literE 4
g 7 g F olE 0.22m filterE F-A3 tangential filter(Microgon, area:
3500cr)E AFE3t] wWgAE du o]&F tA] MWCO 10,000 #&] tangential
filter(Microgon, area: 3,500cm)E& |83 o1 FXZ 300mME F53ATH
of HigFHE Mg AR A BulEHe A8 T/ 9¥d, aihwg
ofvzgt wjA Az Al AHEE M &9 F AE H AT HAMEE 5 ARA E
Fo] Fo} gloerg olg AAs}L £AEL buffer2 37| $15+ Buffer
exchangeE 33ttt A8 90mE YBolA DG-10 column 1070 E ©]&3}e 3
3] AAIStH F 120mle] protease £4-& ATt 3mlE Econo DG-10 column
© 2 desaltingd}ld protein H9¢1 4mbE O A Axo] 15404 dilution
factor(1.33)& X ¥ste 522 #AdILt. =&
molecules(pigments 5)& o] FFNA ANART. AL A9 £4o] Iy

AxS R O] nonprotein small
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salt fractiong A| A% grEF9] £4Ho] gt}

- High Performance column chromatography-GPC

HAY7tx] 22" protein A]EE GPC column(BioSec-25, Bio-Rad Co.,
USA)S o]83ld £2& ZAIYTE pH 8914 1.0m &4 NS loading 3}l
standard buffer(5- mM TrisHCl, 0.1M NaC)Z £33 23} Uz 4 F7Fe
protein 7O 2 o]Fojx Y& ¢ 4 JUATHFig. not shown).
- BioScale Q2 ion exchange column chromatography

o] t}A] BioScale Q2 ion exchange column chromatography® &g 3}
gtk 50mM NaCl®E 05M NaCl 7+ 5% FHjS o] &3l R An 2
columne]] FZE 2 ¢ fractionS A|Qlslie @Y peak?] proteine 2 ¥l F
RO M (Fig. 11 16-2), o] I}HE& t}A] gel filtration column chromatography2 %
A&t

- Gel filtration column chromatography

oAz & wWH o=z Phosphocellulose column, High-Q column %
Bioscale Q2 column® Z impurity A|A332 50mE 10m¢E ultrafiltration
MWCO : 10K)e.2 &3 ¥ o] dAoA HPLC-GPCE purity &% 23
ok7he] impurity7} WA Ho] o] & t}A] Biologic GPC(Bio-Rad Co., USA)E &
stk &4 1ml A 15 3o AA Eel¥ &4 fractiong EF FA ol i/
50m¢E 5méE  ultrafiltration (MWCO : 50K)e2 ¥&3 % o] dAdA
HPLC-GPC ¥ SDS-PAGEZ purity 3<% 23 @Y peake] FeAZ HAIHNU
TH(Fig. 11 163 & 4). |

E ApdA g4 gidoz A3 proteases T2 TAH Y WjFJLZHEH
A B FAT F Qe extracellular proteaseE UIF o2 F33tH o 3 literd
Casein 3§ ZoBell v R|oA] 193 FFE uw|Ydly wjY}-E& Whatmann #1 filter
paterz o3l EHA @S casein® A A3}IL o]F THA] membrane
filtration(Tangential, 0.22 pm)3}e] clear supernatant® LIth.  Ultrafiltration
(Tangential, MWCO 10K)2.2 300mlZ &3 ¥ ©]& ttA] MWCO 30K %I
ultrafiltration membraneg A}&3te 10mlEZ FF3 F  GPC column
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chromatography S $33stdth. A4 buffer2+ 50mM TrisHCl buffer (pH 7.2,
conntaining 0.IM NaCl)E A}g-3td & e FiAA XFE &y HEE
buffer2 XAz}, A £3S 2ol High-Q ion exchange chromatography&
01 - 04M NaCl #&x gradientZ £&3l9 T A4 EFS & H
Ultrafiltration(Disk, MWCO 30K)2.2 5ml 7}A] ¥Z3la o5 oA HPLCZ E3
st

gFolA BRa® A4 FF L9939 proteaser fractional ammonium
sulfate  precipitation, High-Q ion exchange column chromatography,
BioScale-Q2 ion exchange column chromatography, 12|31 gel (filtration
column chromatographyE %38} purification fold 19.3, yield 0.7% 2 A =3
tHTable II 16-1). ¥ AR extracellular enzymeC 2N & 7] 5F FHNA
Edo] HA A Yevde § & FA 3 T g2 &2 FA &4
AREH AL AL 5A9 shiz Atz

3) Basic characterization of Extracellular Protease from 193
B EAE G AT gase A9 BH B22AM F4 pH(pH 7)°lA
optimal activityE Holx AAEA pH 6 oy pH 8dMET 3 w7l A& 84S
BYon 2% #d wE FHEAME 20CAM 71 =& F4E BAT (Fig
O 165 & 6). Gol digh dAANME vzy e g PSS Hof 30ToA 2
AlZE A Folx A9 60%0]/de] 2MEHGNeH 45T E E3 1A Ol &
Aol gERo] A9HYHFig. I 16-7). ©] &EA+F aminoacid®] sequence] g
5olgL #AHA ggtert dA| exopeptidase FAHHI glow o] F-¢ 4
78 £ e YytF e @2 HE amino acidE A4S W F FELEA 9 7}
A7 Aok Alg"Ech 28y ATV 2ol 4E autocatalysis7t dojue AL
2 AdAAE @4l veEdth. F 5i S &=V Foldd wet 2228 713
2 Q5o Eadte @40l 4oy High-QE 8 A olFde ded WA
gt NE A9 vt we wa2A Jeiko  olgd qde diFEd
proteased Al oy HAYFLZ olE FH3}I] HstddrMe HHF protease
inhibitorE ©] 43} affinity chromatography2] 4=3jo] A& g}
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2}. Notothenia coriiceps A2t A B @ dud Ba] 54

Krill#} &7 283 d5 ASTS o]F2 den odF ¢35 gi72 e
Notothenia coriicepss hF L2 Tz B a4
FHAAT. o8 AFE ALAM BE Folx v ST @A 23 Y
2 Bo] 47 BHsE G4 Holw 1 FA W3 ATS Aekspleen)E 77
2 o] o AgE madez vu Bi BaE 2o A

Ea BA HAHL 27 & Eop 0 & Ay F7 FAHL L3 AT
extracellular protease 2] #& AHA FUsict  7rekstA Hldd  Notothenia
coriceps A2} 33 WEH HFE WHEG F 10v FI¢ F& 4FHQ20mM
TrisHCl buffer, pH 7.5, with 10mM EDTA, 50mM sucrose)& 7}3}il glass

]

homogenizer2 Zolr A3 FE4FAIZI £ Fractional ammonium sulfate
fractionationg 33l FE Ao AEEH+= 50 - 80% saturation fraction THE
B2 3 Econo DG-10 desalting column-g ©]£3o #&2 ammonium sulfated
A As High-Q ion exchange chromatography(Fig. II 5-8)¢} Gel (filtration
chromatography =33l single peak® ¥2] AHAsIHHFig. I 169).
Purification fold 164 183 &4 3F&L 34%% 1 BA F=< Table II 16-2
of Yebi o
B3 oiTe 99l dosga ®uk oplet I AL AZA o 71U7 A
& A 84 E49 AYoE S oA} it o|EHE AH2AAAMe T2 ¥
A @jFolu} EPAY DHA F9 REEXSIAY 82X 7HA7F v Alg
gt E AL BxdozAY AR wou AXA ALAEY B 4 A4

< Aok FAAZ Foldh
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Purification and characterization of psychophyllic protease isolated form

Antarctic bacteria and fish.

Abstract : A psychrophillic bacterium was isolated from Antarctic marine
sediment and identified as Shewanells gelidimarina species based on the
biochemical properties and 165 rRNA sequence, and designated as Shewanella
gelidimarina 1.93.  Extracellular protease produced by this strain was purified
through ammonium sulfate precipitation, High-Q column chromatography, first
gel permeation chromatography, BioScale Q2 ion exchange chromatography and
second gel permeation chromatography to single band on SDS-PAGE, and basic
properties of this enzyme were investigated. At the same time, a protease from

Notothenia genus fish was also purified and characterized.

- 403 -



N
ot
Kl
Mo
gk

Protein Biotechnology, Isolation, Characterization, and stabilization (Ed. by F
Franks), 1993. Humana Press, Totowa, NJ

Basic protein and peptide protocols (Ed. by J. M. Walker), Methods in
Molecular Biology Vol.32, 1994. Humana Press, Totowa, N]J

M. Dixon and E. C. Webb, 1979. Enzymes, 3rd Edition, Longman, London
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Table II 16-1. Purification of protease produced by Shewanella gelidimarina

L-93 strain
' Vol tota? pro.te.ase chta.l Spe'cific yield
Fraction ) Ao Protein activity Activity Activity %)
(m (mg) (A405/ml) (dA405) (dA405/ mg)

Broth 4000 53 21200 44.6 178400 841 100

Ultrafiltration
(MWCO;10K) 300 123 3690 82.5 24750 6.70 15.4

Ammonium sulfate
(30-50 % Sat) 75 4.5 337.5 77.2 5790 17.2 321
High-Q 34 3.3 112.2 102 3468 30.9 1.94
BioScale-Q2 25 0.7 17.5 72 1800 102.8 1.00
GPC/UF(50K) 19 04 7.6 65 1235 162.5 0.7
Table II 16-2. Purification of protease from spleen of Notothenia coriiceps
. Vol tota¥ pro‘te(:ise Tc"ta.l Spe'cific yield
Fraction 0 Az Protein activity Activity Activity %)
(m (g)  |(dA405/ml)| (dA405) | (dA405/ng) 0
Crude lysate 400 5.3 2120 4.6 1,840 0.87 100
Ammonium sulfate

(50-80 % Sat) 40 45 180 72 288 1.6 15.6
High-Q 10 0.85 8.5 9.7 97 114 53
GPC/UF(50K) 11 04 44 5.7 62.7 143 34
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N 4% 4 Fractiong .
2,3.4,5,6:7.8 910 12 14 16 18 20, 22, 24 25 28 30 32 36, 44 46 48
100,00 Buffer 300
0.228]
0.200] L2.50
0.1754
L2.00
0.1504
0.128430-0
L1.50
0.100d -
0.075] oo
L
0.050 L
0. 50
0.025 .
0.000 . ~}a.00
00120100 00:2p1 00 : 00:30:00 00:40:00
AY R M sNin : Soc s

Fig. II 16-8. Purification of Notothenia coriiceps spleen protease with High-Q

ion exchange column chromatography.
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Fig. I 16-9. Purification of Notothenia coriiceps spleen protease with GPC

(BioRad SEC-20 GPC column).
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H 17 2 45 FHFSEERH ME

N

Q9 F= s Suberites sp.ERE 229 AEAL Tl 4F9
sesterterpenoids 7] 3}FES EFFHAL oY FXE EFFHA W 5
2l WS o83t gtk ztZ subeitenone C, D} HHWE AEAHL 7)Ed)
& 7 subeitenone A2] o]A A o] A} suberitenone Be] olAE3} S uE
Zt}. Suberitenone A%} BE ZHAHE 23 %A av} Y= Ao &= Zm}
o] AEA 987 Co Do F271 A% B fAE HE nHET o, 75N
= QA /A 928 BY 5 e o E gadn.

T

Y AE FH HAIAEEL 2 729 A M & HIEo u
stel Aol Aol Bol @ A% J5AE Sevw Aok e FpFAoE
AT FH 70%E AASGL Y& BT ofle} PG EESe HE-TFES
Ao -o] of 80%°l MF3e THFT AEC] A vt 2PdE EFn
T HFH B FHY HERE AYsE I3 dFEY A Tl IAH
o2 ofgHI e AAoln. uwA dfREEe AYEo] Moz Hollds
Fel X FHE e FYH Folgd 7x2E 7M1 g #HdE 8L &
}E 78 AR FE5HI th(Fenical, 1988; 1993). TiLo] Y% AE
Folebe Zolgt VAN 2 7128 sk BRE AX A Mg
Feigem g4 AEHE B2 AAY AolWol Wol Boldk Fzsh 2
9 242 7h0 8RS D UL FFO) % wvh EW AR 544

FUR AR ASAE A4 A9 824 Bl weh b A 72 B
b aA GEe WA Fme $2 gt 28 5 212 A7) nE A9 e
ARB2RE S5 AW WA isAol W won o 4UY AR &
HEo] ATEIEHE T4, 1994).

B ATE AT AEY AP AL AF 7R FHY FF At F4E

e 2 l"iO
2,
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AT Gaelth. o A VAT olHTAE W Aty HEA UF SEY
AF7} BlElSAe B ol 3P B HEF 4 AT Fo| o} A8
7Y A5l WS ¥l WEeIT. wWekH B A7 AlME 5% Yuss
ZRdN Sold 4B NEE Huste SEF T2 ABAS FEEH FA
32 Ame] U A B4 71&d B4 97 EEHAT

2. &= sll™H Suberites sp.2l Al =&

7k 42 24 AAM

9= Y FEEFH AEE HIES V] Y3 oz 20004E 1€

o AZXLA A AN 2P2FHE 7F9 qEE AFsAT olE2 A
A 52 2@HNeH, 2FYUEE B FFo2 HdE UF B d7dE S
g7t W% Bo" AR A 84& A% Stk 2FEEE UEUL,

o

15 %Z3ZEd Uhsle], cytotoxicity, acetyl choline esterase inhibition, brine
shrimp lethality, DNA/RNA cleavage, antfungal activity, antibacterial activity, 3}
A3gH, & FHAAT. A A 1% HH 2FESE A cytotoxicity7h 9]
£ Ao 2 Jelyy, 2F0]A brine shrimp lethality, 1504 DNA/RNA cleavage
g4o] e Ao vEgten, 84¢ FRLo2Z ved Y AEe st

L, 4= ™ Suberites sp.2l A 22

A gAol e 4F9 W ke AlE ¥WMIE 00A-42 HHEE Y
Suberites sp.7} AEF o] 38t Qo] Eoizith. o] AL 1992de] 13 A
Hol B AFAA ATLEew, ZA] suberitenone A%} B7} B EHo] = AE
Ao Biug v lvhShin, 1995, Fig. I 17-1). 53] Suberitenone A%} BE
7184 Qe MBS FEE 717 sEollen, o9 FxE AU Y
B33t Ql Whio] T =] uE A ul Utk Suberitenone BE cholesteryl ester
transfer protein assayo] @/4¢] Ue SIFEEHN F71HQA A7 Lo g A=
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HeE AT

3N Suberites sp.(AlE W& 00A-4)= 2000Q@ 19 S3U§ FHxex A
o] Weaverdtx o] AgtolA AFAHAJT FZ2 BHAFH B A7 AgHgoey
AU A7t ol FAAT] A7A W¥E RBAHAG. e W A)E 00A-4d) o
8le] methanol®} dichloromethaneg W&o 2 7}3ld F&EL AUt %z
g FEAZ Fo §F 2525 EF nbutanoled] EIL o]gdly Hf
71ete] 84 ETES AAIRAT Y dRde A& nbutanolF L ThA
n-hexaned} 15% aqueous methanole] R & oz ZFAd uwz} EFFHT. o]
15% aqueous methanol -2 TA] normal-phased vacuum flash chromatography
3o F4o mE E2E gt 838 &vlE n-hexaned} ethyl acetate®] &g
&1 (20%, 30%, 40%, 50%, 60%, 75% EA/Hex)9} 100% ethyl acetateE A}-£3}4
th. 'H NMR A% ZAn o5 28 % 40%, 50%, 60% EA/Hex oA
suberitenones®} +A3F 3}3HE0] EAste AL FAAY £ AN, 40% EA/Hex
B89 A& suberitenone A, 60% EA/Hex &)X+ suberitenone B7} 8 31§
B2 XgdE Aoz velydi, 50% EA/Hex 8o+ suberitenone A9} Br} 4
o e Aoz WEHUG.  40% EA/Hex Fo tistd FY R4 An
suberitenone A ©]2]o|| suberitenone A} F-ARSF A% A ZE sesterterpencid 3}
Eo] 5ol USE ST normal phase HPLCE Ea & Alzsdlyrt. =
EufEIZE B3I ZAH suberitenone A9 F signal 71EAE Fog #ALe
signalo] ¥3t5o] Qe Aoz Bdstn, 22E AlEsth.  o]E THA] reversed
phase HPLC&to] 1.2 mg# 21 mgo| MEL FFES 3 47 JEAY
< #Q1&}a1, suberitenone C, Da} # =&t thFig. O 17-2).

ZFEEEHEH EE¥E SFPE suberitenone C(00A-4-C)o] EAp4e Y
3 A% EA(HRFABMS) A¥7 PC NMR A% ZAAZHE CyHyO2 e
suberitenone  A9] o|d@A Yol YT  FFAHY 2D NMR HF A
suberitenone C¢] £33 83 2}H+ suberitenone A2l £33 279} o}F FAMSIA
. a8y BC NMRe} AUd BX2 =35 29 49 chemical shifts7} xbo]d
S AT 5 UMY A & Wdle G129 G149 w@a AFoA vesth
'H NMR 4% 239 3%, v/l E 98 9A9 AsEA & Hslr} 22
H. 'H COSY, TOCSY, ROESY, gradient HSQC, gradient HMBC $¢ %
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2 A9 AF o]FAEY AAL olFE ol HAAYE FAY F ANTH
Suberitenone D2} WWH 313E 00A-4-D Ex4le AU AP A
(HRFABMS) 43 Azl °C NMR 43 A7 CpHuOsZ YUEtth o] 3§89
C NMR #£3% &% suberitenone BS] 3 #89 o}F frabetdch. ey
®C NMRe] 7} 2 wW3}E suberitenone Boj A JeER}E % 719] carbonyl 413(5
170.7, 2009)7} Al 2] carbonyl A% (5169.7, 1704, 199.8)2 ®}#QE 621.2 ppm
o] AJZ-& methyl 717} YElgtths Holth.  o}2¥ suberitenone BoA hydroxy
717} 2" C-209] chemical shift7} 64.3 ppmol A 66.7 ppme. 2 o|F3 420 &
ZHAT. ol EFTFAY A8 ¥}t FHHY 22D NMR HF9 AARE
HlE 0 2 suberitenone D] FX & suberitenone B9 C-20 hydroxy 7]¢l acetyl 7]
7} =98 722 dAHHJY. o] BAHL suberitenone BE] acetylation ¥Hg0.Z
83 4 AU Pyridin £ulZ 79 A suberitenone B acetic anhydride®} b

238} suberitenone DE A A3} ¥ T}

3. Ad wya An

i

) Suberites sp.(AlE WE 00A-4)= 2000@ 1€ E3dUIF HAXA 49
Weaverft= o] dtellA 271 2382 AFHAJL AF FA $4 2aHNCH,
L5E3E 53 FFoE ¥YE ts B dTFAR ¥ AU d771 o
FolAY) AAA ¥F U W A& W0A4E &3 F =7 AAF
1, e A8 14kgol th3dle] methanoly} dichloromethane-g WHE-Ho 2 7}3}o
FEE o 120gs At ZAHY &uiE FEAY Fo {3} 2FEES EFH
n-butanol®] ¥ &S o] &t @I JEY FEAH ECES AASAS. #FE A
%38l de oF 23g9] n-butanolF2 UA] n-hexaned} 15% aqueous methanol®}
2Yoz FAd e & st 47 U6g 3 7.7gd #F7IEES UG ol
15% aqueous methanol Z-& THA] normal-phased vacuum flash chromatography
o] 4 e £HE At & &l n-hexaned} ethyl acetated] E9HE
o) (20%, 30%, 40%, 50%, 60%, 75% EA/Hex)S} 100% ethyl acetateE A8t 2
H, zZ+ 2 080 g 092 g 380 mg, 70 mg, 140 mg, 150 mg, 190 mge] A&
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g 2ysigct. 'H NMR A% 2 o] B3 3 40%, 50%, 60% EA/Hex 44
o A suberitenones®} FAM3F FEEo] EAse AL AL F AT, 40%
EA/Hex #38d|A = suberitenone A, 60% EA/Hex 3 d|A= suberitenone B7}
FQ 3EZ ¥ Aoz Vel 50% EA/Hex £ A4+ suberitenone A%}
B7t Ao e Aex WEEHIIT 40% EA/Hex 8o distd AL A% 29
suberitenone A ©]9]¢)| suberitenone A9} FAFSE AFo] A Z-E sesterterpenoid 3}
Eo] Ao AL F<3da normal phase HPLC(Silica, 20%EA/Hex) & £
AESIEY. Z2vEOHRE 3% A3} suberitenone A2 & signal 7}AlE]
Zo 2 & signale] EFEHO e AR Hosly, EEE A3l 380mge
8o ZHE AAH 299 mge] £43F suberitenone AS} TFE 17.8mge LAUTH
o]& TA] reversed phase HPLC (ODS-AM, 20% aq.MeOH) 3} 1.2 mg¥ 2.1
mgo] NE$ FFEL B9 47 suberitenone C, D&} W H &t
Suberitenone C(00A-4-C): [a]”p -8.0° (¢ 0.02, MeOH); UV (MeOH) A
mx (0g €) 229 (415) nm; IR (KBr) Vme 3428, 2923, 1735, 1676, 1572, 1417,
1247, 1026 cm™; 'H and C NMR data, see Table II 6-1, HRFABMS m/z

i

451.2821 [M+Na]" (calcd for CyHgO4Na, 451.2824 A +0.3 mmu)(Fig. I 17-2).

Suberitenone D(00A-4-D): [a]®p -67.5° (c 0.05, MeOH); UV (MeOH) A
max (log €) 227 (3.99) nm; IR (KBr) Vmax 3429, 2922, 1735, 1681, 1569, 1364, 1247,
1022 em™; 'H and C NMR data, see Table II 6-1; HRFABMS m/z 511.3036
[M+Na]" (caled for CpHauOgNa, 511.3033, A -0.3 mmu)(Fig. 0 17-2).

4. 2 &

B 5 YEERE A ML A7E AT A€ A AL AT
712 Fwe) g dAgtelty. o] A& AT olfe @F ALY A A7
71E9 HAE A7 vHSH S @ oty 57 BA HII ARt AE F
o] ol AEA A shedol e ¥V Wl 5 AF /1A FA AL
o APE ANEZRE J5F 2FEE U 353 XA A 24 A9
A At F AEE B4 dBe2 AAgAen o TN 4
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Suberites sp.ZRE] 2Ed 2 F& IPS 4 T EHE B AASA B3
2 7] 38k e ojdte Tz AA S YEIAT

B AT AYES B3 AHEE SdAA Sold AE AEE FEIIUL
S5 729 AEdE 7R eEN SA AR H &5HEH £4 Jles
B 7 AU O olHR HL EFY AT H2o| ted NGFH
43 SCUBAJ| HsA] EatAd A9 7I1FE Ut HIAE A7 5
Fo ARE F53= Aol Hed] ode Aotk wEpA FF 4t A
B A& AR dig #@eto] ZrEtd AER A AFE A% 58
A2 o]&d Aolth
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A
ok
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A Study on the Development of Novel Substances from

the Antarctic invertebrates

Abstract: During the course of our search for bioactive metabolites from marine
organisms, four sesterterpenoids including two new metabolites of the
suberitenone class have been isolated from the Antarctic sponge Suberites sp.

The structures of these compounds have been determined by combined spectral

and chemical studies.
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Table 11 17-1. 'H and "C NMR Assignments for 00A-4-C in acetone d¢ and

-D in CDCl,.
Position < 24
du ¢ bu dc
1 1.70 m; 0.96 m 42.7 t 1.76 m; 0.83 m 419 t
2 1.73 m; 1.44 m 19.2 ¢ 1.74 m; 146 m 18.7 ¢
3 138 m; 1.23 m 446 t 136 m; 1.16 m 443 ¢
4 345 s 340 s
5 1.19 d (24) 56.8 d 1.01 d (24) 56.7 d
6 5.49 ddd (34, 2.4, 24) 705 d 5.45 ddd (3.4, 24, 24) 705 d
7 Taa 4q (147, 54 468 ¢ | 150 a4 a7 54 463 ¢
8 329 s 344 s
9 1.36 br d (11.2) 53.7 d 0.87 dd (11.7, 2.0) 58.9 d
10 37.7 s 372 s
11 210 m 233 t 1.67 m; 1.58 m 169 t
12 553 br s 1233 d 202 m; 113 m 375 t
13 1353 s 727 s
14 1.86 m; 1.77 m 49.0 t 1.35 m; 1.16 m 539 t
15 095 s 335 q 091 s 329 q
16 1.04 s 236 q 1.00 s 23.0 q
17 1.07 s 211 q 131 s 228 q
18 130 s 169 q 1.18 s 172 q
19 2.58 br d (12.7) 46.6 d 1.97 ddd (13.7, 3.4, 3.4) 47.8 d
20 434 br s 65.5 d 550 dd (5.9, 3.4) 67.6 d
21 6.79 dq (5.4, 1.5) 1449 d 6.80 dq (6.9, 1.5) 137.6 d
22 1359 s 139.1 s
23 200.0 s 1998 s
w BUELED e | BUEE s
25 1.71 brs 15.6 q 1.80 d (1.5) 15.6 q
OAc 1704 s 1704 s
201 s 21.7 q 204 s 218 q
OAC 169.7 s
210 s 212 q
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Suberitenone A Suberitenone B

Fig. Il 17-1. Structures of Suberitenone A and B
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OAc

Suberitenone C Suberitenone D

Fig. I 17-2. Structures of Suberitenone C and D
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28 A9 24 dde 1EQ HASAS FT BE YL FAoz
FIEBAE N1E0T AR Ause GIUE N2 SN sRo] HPss
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Aoz BusE B4 48972 Fusdd. B4 ddsz A S
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steAo e EAd dulglE AFHE & A Aoz HALh
AT 71 T AFHY S8 AL e AR HFNEALY

< 88Y F
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F3l¥ch 100078 ©]4+e] Expressed Sequence TagsE A3 ZAd 7154 e &
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HEHUT. EFHHoz F8HAA £ g1, 289 dAd olzdd A &
Az dFEge & AEFY FAA AAE A7ee FAH A7 FEoE
dRdol gk FAHA FAA 24 dFE FAA 24V dga AA
A A7 Fo2 JAPHT YUtk A, AAHeE FAA AA drudel &
459 vAE F71 1004Fo] ol2n FXo] Y Fo] nAER 1809F ] o
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2006 PICES
- Characterizing krill aggregations and linking them to some environmental
variabilities in Southern Ocean; relevance to other krill-bearing marine
ecosystem studies? (L2E) &
2006 SCAR (&=38H<] ¢ 3)
- Differing marine ecological regimes over a meso-scale distance in the Southwest

Atlantic Sector of Southern Ocean; response to sea ice retreat or eddie? 5% L ¥

9 o4

ct 5zt 3o &5
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