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Abstract 

This document contains a selection of the scientific papers presented 
at meetings of the Scientific Committee and Working Groups of the 
Scientific Committee in 1987. The text of the papers is reproduced in 
the original language of submission ; abstracts of the papers and 
captions of tables and figures are translated into the official 
languages of the Commission (English, French, Spanish and Russian) 
Abstracts only are presented for papers that have been accepted 
elsewhere for publication. 

Resume 

Le present document contient une selection de communications 
scientifiques presentees aux reunions du Comite Scientifique et aux 
Groupes de travail du Com1te Scientifique en 1987. Le texte de ces 
communications est reproduit dans la langue originale dans laquelle 
celles-ci ont ete presentees ; les resumes des communications ainsi 
que les titres des tableaux et des figures ont ete traduits dans les 
langues officielles de l'a Commission (anglais, fran<;:ais, espagnol et 
russe). Seuls des resumes sont presentes lorsqu'il s'agit de 
communications qui ont ete acceptees pour etre publiees. 

Resumen 

Este 'documento contiene una selecci6n de los documentos cientificos 
presentados en las reuniones del Comite Cientifico y de los Grupos de 
Trabajo del Comite Cientifico en 1987. El texto de estos documentos 
esta reproducido en el idioma original para su presentaci6n ; los 
resumenes de estos documentos y los titulos de los cuadros y figuras 
estan traducidos a los idiomas oficiales de la Comision (ingles, 
frances, espafiol y ruso). Los resumenes son presentados ,solamente 
para cuando los documentos hayan sido aceptados para su pUblicacion en 
alguna otra parte. 

Pe310Me 

HaCTO.H~HH ,llOK»MeHT CO,llep)I(HT nO,llOOpKY HayqHblx paooT, npe,llCTaBJIeHHbIX Ha COBe~aHH.HX 
HayqHoro KOMHTeTa H Paootmx rpynn HayqHoro KOMHTeTa B 1987 r. OHH npe,llCTaBJI.HIOTC.H Ha 
.H3bIKe opHrHHaJIa ; pe310Me ,llOKJIa,llOB, Ha3BaHH.H TaOJIHl~ H nO,llnHCH K pHCYHKaM nepeBC,lleHbI Ha 

oqlHlIHaJIbHble .H3bIKH KOMHCCHH (aHrJIHHCKHH,ljJpaHlIY3CKHH, HcnaHCKHH H PYCCKHH). ECJIH 
paOOTa npHH.HTa K neqaTH r ,lle-HHoY,llb B ,llpyrOM MeCTe, TO 3,lleCb npHBO,llHTC.H TOJIbKO ee 
pe3lOMe. 

Translation by : 
Document traduit par 
Traducci6n realizada por 
IIepeBe,lleHO IjJHPMOH ; 

Conference Interpreter Services, 
66 King Street, Sydney, 
NSW 2000, Australia. 
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SC-CAMLR-V/BG/29 

PRELIMINARY APPRAISAL OF ANTARCTIC FISH SELECTION BY THE 32/36 BOTTOM TRAWL 
COMBINED WITH VARIOUS CODENDS 

J. Zaucha 
(Poland) 

Abstract 

Selectivity properties of single and doubler-layer twine 
codends (mesh size 120 mm) and single-layer tape codends 
with a mesh size of 60 and 100 mm were determined. It 
was found that the selectivity properties of twine 
codends are unsatisfactory in the case of Antarctic 
icefish, burnphead notothenia, and Scotia Sea icefish. 
This was primarily caused by the heavy net material used 
for their construction, incorrectly chosen mesh size, 
and certain morphological features of some Antarctic 
fish, which make it difficult for them to escape from 
the codend. Selectivity properties of both tape codends 
were much better. It was found that an optimum mesh 
size of this codend for selection of Antarctic icefish 
and burnphead notothenia ranges from 60 to 100 mm. For 
other Antarctic fish, especially Scotia Sea icefish and 
South Georgia icefish the determination of a proper mesh 
size of trawls used in fishing for them requires further 
research. It should first of all cover twine codends 
with a mesh size of 80 mm, currently used on factory 
trawlers, as well as codends with a structure resembling 
tape codends. 

Ont ete determinees les proprietes de selectivite des 
culs de chalut simples ou doubles a cordes (taille du 
maillage 120 mm) et des culs de chalut simples a rubans 
plats (taille du maillage 60 et 100 mm). Il s'est 
avere que les proprietes de selectivite des culs de 
chalut a cordes n'etaient pas adequates dans le cas des 
poissons des glaces de l'Antarctique, des Notothenia· 
gibberifrons et des poissons des glaces de la Mer de 
scotia; les raisons principales etant : l'utilisation 
d'un materiau lourd dans leur construction, le choix 
inapproprie de la taille du maillage, et certains 
aspects morphologiques de certains poissons antarctiques 
qui les empechent de s'echapper du cuI de chalut. Les 
proprietes de selectivite des deux culs de chalut a 
rubans plats etaient bien meilleures. L'on a constate 
que la taille de maillage optimale de ce cuI de chalut 
pour la selection des poissons des glaces de 
l'Antarctique et des Notothenia gibberifrons alIa it de 
60 a 100 mm. Pour ce qui est des autres poissons 
antarctiques, en particulier les pOissons des glaces de 
la Mer de Scotia et ceux de la Georgie du Sud, des 
recherches complementaires seront necessaires pour 
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determiner la taille de maillage appropriee des chaluts 
servant ales pecher. Ces recherches auront tout 
d'abord pour objet les culs de chalut a cordes dont la 
taille de maillage est de 80 mm et qui sont actuellement 
utilises sur les chalutiers-usines, ainsi que les culs 
de chalut dont la structure ressemble aux culs de chalut 
a rubans plats. 

Resumen 

Se determinaron la~ propiedades de selectividad de las 
mallas de corona de soga trenzada de simple y doble capa 
(luz de malla de 120 mm) y las mallas de corona de cinta 
de capa simple con una luz de malla de 60 y 100 mm. Se 
encontro que las propiedades de selectividad de las 
mallas de corona de soga trenzada son insatisfactorias 
en el caso del pez de hielo de la Antartida, Notothenia 
gibberifrons (bumphead notothenia) y del pez de hielo 
del Mar de scotia. Esto fue causado principalmente por 
el pesado material de red usado para su construccion, la 
luz de malla incorrectamente escogida y ciertas 
caracteristicas morfologicas de algunos peces 
antarticos, que dificultan su escape de la corona. Las 
propiedades de selectividad de ambas mallas de corona de 
cinta resultaron ser mucho mejores. Se encontro que el 
range optimo de la luz de malla de esta corona para la 
seleccion del pez de hielo de la Antartida y de 
Notothenia gibberifrons (bumphead notothenia) es de 60 a 
100 mm. Para otro peces de hielo de la Antartida, 
especialmente el pez de hielo del Mar de Scotia y el pez 
de hielo de Georgia del Sur, la determinacion de una luz 
de malla adecuada de los arrastres usados para la pesca 
de los mismos requiere mayor investigacion. En primer 
lugar deberia cubrir las mallas de corona de soga 
trenzada con una luz de malla de 80 mm, utilizada 
actualmente en los arrastreros factoria, asi como las 
mallas de corona de estructura semejante alas mallas de 
corona de cinta. 

Pe310Me 

1)bIJ1I1 onpeAeJIeHbl CeJIeKTI1BHble cnoc06HOCTl1 OAHO-

11 ABYCJIOMHblX BepeBO'IHblX KYTKOB (pa3Mep H'Iel1 
120 MM) 11 0AHOCJIOMHbIX JIeHTO'IHblX KYTKOB C 

pa3MepOM H'Iel1 B 60 11 100 MM. CeJIeKTI1BHble 

cnOC06HOCTl1 BepeBO'IHblX KYTKOB 6bIJIl1 HaMAeHbI 

HenoAXOAHl.l{l1MI1 B CJIY'Iae JIeAHHOM PbI6b1, 3eJIeHOff 

HOTOTeHl111 11 JIeAHHOM Pbl6b1 MOPH CKOTI1H. B nepBYIO 
O'IepeAb 3TO 6bIJIO Bbl3BaHO I1CnOJIb30BaHl1eM 

THmeJIOrO ceTHoro nOJIOTHa npl1 I1X 

KOHCTPYl1pOBaHI1I1, HenpaBI1JI bHblM BbI6opOM pa3MepOB 

n'Ieff 11 onpeAeJIeHHblMI1 MOp~OJIOrl1'IeCKI1MI1 
xapaKTepl1CTI1KaMI1 HeKOTopblX aHTapKTl14eCKl1X PbI6, 

'ITO c03AaeT 3aTPYAHeHl1H npl1 nonblTKe Pbl6bl 
BblCB060Al1TbCH 113 KYTKa. CeJIeKTI1BHble 
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cnoco6HOCTif 060HX neHTO'IHblX KYTKOB 6bInH 
ropa3Ao nY'IWe. Bblno HaHAeHO, 'ITO OnTHMan bHblH 
pa3Mep H'IeH TaKOrO KYTKa npH CeJleKl{HH neAHHOH 
phl6hl H 3eneHOH HOTOTeHHH BapbHPyeTcH OT 60 AO 
100 MM. .l{nH APyrHx BHAOB aHTapKTH'IeCKOH phl6bl, 
OC06eHHO AnH neAHHOH phl6bl MOPH CKOTHH H 
neAHHOH Pbl6bl IO)l(HOH feOprHH, onpeAeneHHe 
nOAxoAH~HX pa3MepOB H'IeH B TpanaX, 
Hcnon b3yeMblx npH npOMblCne 3THX BHAOS, Tpe6yeT 
Aan bHeHWHX HccneAOBaHHH. OHH AOnlKHbl S nepsyIO 
O'IepeAb OXSaTHTb SepeSO"lHble KyTKH C pa3MepOM 
H'IeH S 80 MM, Hcnon b3yeMhle S HaCTOH~ee BpeMH 
Ha nnaBY'IHX phl63aBOAax, a TaKlKe KYTKH, 
CTpYKTypa KOTOPhlX HanOMHHaeT neHTO'IHhle. 
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PRELIMINARY APPRAISAL OF ANTARCTIC FISH SE~ECTIVITY 
BY THE 32/36 BOTTOM TRAWL WITH VARIOUS CODENDS 

Janusz Zaucha 
Sea Fisheries Institute, 

Gdynia, Poland 

The necessity of introducing regulatory measures for the Antarctic 

fishery is no longer a disputable matter; the problem is to select the best 

measures from the biological, technical and legal point of view. One of 
the effective methods of regulating catch may be the determination of 

minimum allowable mesh size in the codend for each commercial species of 

fish. Since ng extensive investigations of this kind have been carried out 

in the Antarctic so far, it is valuable to publish the results of Polish 

experimental research in the 1978/1979 season despite the fact that types 
of net materials, their mesh sizes, and constructions (tape nettings) used 

in the codends were not typical for fishing operations in the Antarctic. 

The results presented below may constitute a starting point for further 

work in this field but are not in themselves a basis for regulating mesh 
size in the codend of trawls used for fishing in the Antarctic. 

1. GENERAL INFORMATION ABOUT THE CRUISE AND 
TRAWL SELECTIVITY INVESTIGATIONS 

The investigations of trawl selectivity were just a part of complex 

oceanographical and ichthyological investigations carried out between 
December 1978 and March 1979 on the research vessel Professor Siedlecki. 

The selectivity investigations were conducted in the following areas : 

1. South Georgia, i.e. fishing grounds on the shelf of South 

Georgia and Shag Rocks, 

2. South Orkney Islands, 

3. Antarctic Peninsula, including the following fishing grounds 

Elephant Island, Joinville Island, South Shetland Islands, 

Palmer Archipelago and Biscoe Archipelago. 
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A total of 139 tows were made during the whole cruise, including 
118 bottom ones. The selectivity of various codends was tested in bottom 
tows (in 14 mid-water tows only kri,ll was taken). out of 112 tows, in 
which a total of 94 877 fish were measured (65 954 in the codend itself and 

28 923 in the fine meshed liner), only those were selected for the 
determination of trawl selective properties which fulfilled the basic 
assumptions, described in more detail in the section on methods. All 
selectivity investigations were described in a report from the IVth Polish 
Antarctic expedition in the 1978/1979 season. On the basis of those 
results, it is possible to present here the results of investigations of 
those fish species for which the most abundant and representative data were 
collected. Fishing areas and the number of tows constituting the basis for 

calculations for each species and type of codend are given when discussing 

individual selectivity ogives. 

2. STRUCTURE OF CODENDS 

Two types of codends (single- and double-layer) were used for 
selectivity studies. A single-layer codend was made of one type of net 

material forming codend walls while a double-layer construction consisted 
of two types of net materials : the net with smaller meshes ensuring fish 
selectivity and an outer chafer with larger meshes, reducing and preventing 
damage of the codend. Table 1 presents details of the trawl construction 
and the characteristics of materials used for various codends tested. 
Single- and double-layer twine codends were very similar in construction to 
standard ones used in other fishing grounds, with a nominal mesh size of 

120 mm (dry). Tape codends were made of different materials. and had 
different material characteristics. Size of meshes in these codends was 

converted for comparison to a value known in literature as "mesh size". 
This value was much lower for both tape codends than for standard twine 
codends. It may be generally said that all investigated codends were 

different from each other in their material, technology, and finishing 
details. This fact should be borne in mind when comparing the results; the 
conclusions reached should not be generalized. 
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All investigated codends were 4-wall constructions, widening in the 

front to form a square inlet with sides of 4.5 m length measured with 

meshes stretched. All investigated codends could easily be substituted one 
for another and attached to the same trawl. Schematic construction of the 

investigated codends is presented in Figure 1 for a tape codend with 60 mm 

mesh size. 

It was assumed during experiments that selectivity investigations 

should be conducted under the conditions resembling as closely as possible 

those in which the gear would be normally used. Therefore, a 32/36 bottom 

trawl, mastered on other fishing grounds, was used. A schematic 

construction of this trawl is presented in Figure 2. Figure 3 shows a plan 

of rigging for a 32/26 trawl. 

For selectivity investigations, a method with a fine-meshed liner 

was used. H~ever, since the bottom on the fishing grounds was stony, a 
semi-liner construction was used in practice. Thus, a loose fine-meshed 

liner was placed on the upper part of the codend, reaching down to the 

middle of the codend side walls. 

The codend bottom was deprived of its selective properties up to 
the middle of side walls by placing inside it, the same fine-meshed inset. 

In this way, fish in the codend could escape only through the meshes of the 

upper trawl part to the cover. The fine-meshed liner was made from a 

steelon twine with a thickness of 2 mm and having a mesh size of 20 mm. 

A schematic drawing of a 4-wall codend with fine-meshed liner is presented 

in Figure 4. 

In order to make it easier to empty the trawl on board, the codend 

and cover were equipped like a standard commercial codend with 4 splitting 

straps made of a rope with a thickness of 30 mm (version I), Figure 5. 

Since there was a danger that those heavy straps lying on the fine-meshed 

liner might change selectivity results, a second version without them was 

worked out during investigations : the codend used had open splitting 

straps. Only after hauling the codend on board, both ends of straps were 

connected with a shackle and the codend and liner were emptied. A 

schematic drawing of the modified codend gear (version 11) is presented in 

Figure 6. 
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3. MATERIAL AND METHODS 

In order to determine selective properties of the investigated 

codends, the above-mentioned method with a fine-meshed liner was used. 

Mesh sizes were measured wet, after a certain number of hours of 

towing time, with an ICES slide caliper (load of 4 daN) and calculated as a 
mean from 30 measurements. 

For investigations, only those tows were selected which fulfilled 

the following basic requirements 

estimated total yield of the tow could not be smaller than 500 

kilograms of fish, 

the investigated species constituted at least 20% of the total 
catch weight. 

The number of tows studied and number of fish measured are 

presented in Tables 2 - 5, separately for various codends. 

On the basis of measurements of the length of all fish, separately 
for the codend and fine-meshed liner, standard calculations were made to 

obtain selectivity parameters and ogives for a tested codend with respect 

to a given fish species. Basic selectivity factors, i.e. mean fish length 
for three main selectivity levels : 25, 50 and 75%, were determined 

graphically. In addition, the following basic selectivity parameters were 
calculated : 

selectivity interval consisting of the difference in cm between 
the mean length of fish for selectivity levels 75 and 25%; 
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- selectivity coefficient (Fs) obtained from the following 
formula : 

where 

A 

LSO% = fish length at a 50% selectivity level, 
A = mean mesh size in the codend determined for a 

given stage of investigations (wet) ; 

- selection quality coefficient (W
s

) obtained from the ratio 

where 

LSO% fish length at a 50% selectivity level, 
L100 % = smallest fish length retained in full by the 

codend 

If it was impossible to build a typical selectivity curve on the 

basis of the data collected (or even a curve resembling a typical one), the 

points obtained were connected by straight lines without attempting to 

interpolate the results. 

4. RESULTS AND DISCUSSION 

4.1 Selective properties of a Double-Layer Codend 

The object of investigations was a typical codend used by the 

Polish fishery in NAFO and NEAFC areas, with a nominal mesh size in the 

codend of 120 mm. This codend was equipped with a chafer with a nominal 

mesh size of 240 mm. 
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The tests were run on the fishing grounds of South Georgia, Shag 

Rocks and South Orkney Island on the species predominating in the catch : 
mackerel icefish (Champsocephalus gunnari) , bumphead notothenia (Notothenia 

gibberifrons), and Scotia Sea icefish (Chaenocephalus aceratus). 

Mackerel icefish 

The ogives (Figure 7) did not resemble typical selectivity curves. 

A characteristic feature of mackerel icefish selection by a double-layer 

codend was a similar ratio of fish allowed to pass to those retained for 

almost all length classes. This was especially visible in catches made off 

South Orkney Island, where for many length classes this ratio was almost 
identical - slightly over 50%. On South Georgia fishing grounds, the same 

was true for fish of up to 35 cm in length. There could have been several 
reasons for this fact. It seems, however, that one of the most important 

was the badly chosen mesh size, which had lost selectivity ability for this 
species, and the double-layer structure of the codend only deepened this 

effect. 

Bumphead notothenia 

Selectivity ogives were drawn separately for South Georgia fishing 

grounds and South Orkney grounds (Figure 8). Both ogives were almost 
identical. Their initial sections fluctuated at the same level (50-70%) 

and starting from a certain length of fish - 35 cm - began to ascend up to 

a length of 46 cm; above this level a 100% of fish was retained by the 

codend. However, it was impossible to convincingly explain why small fish 
with lengths of 16-33 cm were retained at the same, equally high level in 

the double-layer codend. 

Scotia Sea icefish 

On the basis of the data presented in Table 2, only one selectivity 

ogive was drawn; it referred to South Georgia grounds, as the material 

collected off South Orkney Island was too scarce to fit the ogive 

(Figure 9). 
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The selectivity ogive for Scotia Sea icefish is similar to the 

ogives discussed before, its initial part reflecting the degree of 

retention of small fish with a length of 20 and 21 cm at a 40-50% level and 

fish with a length of up to 35 cm at a 80-90% level clearly ends at this 

length. with respect to longer fish, the codend material exhibits 

increasing selectivity - the curve ascends quite regularly reaching a 100% 

retention for icefish with a length of 44 cm. Since this curve closely 

resembled the previous ones, it may be said that the fish selectivity 

process has the same nature. 

4.2 Selective properties of Single-LayerCodends 

Single-layer codends, which are not equipped with a protective 

chafer, are today among constructions used most frequently by commercial 

fisheries of various countries. That is why they were the main object of 
investigations on Antarctic fishing grounds. 

4.2.1 Twine Codend 

The twine codend made from double polyamide twines with a nominal 

thickness of 7 mm had a nominal mesh size of 120 mm (dry), i.e. the same as 

the codend in a double-layer construction. 

This codend was tested on the fishing grounds off the Antarctic 

Peninsula (Joinville, South Shetland Island, Elephant Island) and off South 

Georgia and Shag Rocks. Data for the following species were collected 

there : mackerel icefish, bumphead notothenia, Scotia Sea icefish, 

ocellated icefish (Chionodraco rastrospinosus) and Patagonian toothfish 

(Dissostichus eleginoides). 
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Mackerel icefish 

Separate selectivity ogives were drawn for mackerel icefish caught 

with the help of a single-layer twine codend on fishing grounds of South 

Georgia and South Shetland Islands (Figure 10). Although the curves were 

characterized by an upward tendency, they differed distinctly from typical 
selectivity curves. They were similar to the ogives for a double-layer 

codend with a similar mesh size, analyzed above. For similar reasons as in 

the case of a double-layer construction, the codend material did not have 

the required selective properties with respect to mackerel icefish. Only 
fish with a length of 51 cm were wholly retained by the codend. In this 

case it was also impossible to find convincing arguments to explain the 

reasons for the considerable retention in the codend of relatively small 

fish, although their shape is such that they should quite easily escape 

through the meshes. 

Bumphead notothenia 

Two selectivity ogives were drawn, separately for each fishing 

ground, South Georgia and South Shetland Islands (Figure 11). Both ogives 

are similar, consisting of two sections: the initial one characterizes the 

selectivity for fish with a length of up to 32 cm, the second- the 
selectivity for longer fish. The analysis of these ogives leads one to 

conclude that the codend in question retains smaller fish at a relatively 
high level (35-60%) and only for fish with a length exceeding 32 cm, it 

assumes selective properties. Starting with a length of 45 cm, all 

notothenia are retained by this codend. 

Scotia Sea icefish 

Selectivity ogives (Figure 12) for South Georgia and South 

Shetland Islands were fairly similar despite quite large quantitative 

differences. Each of the curves consisted of two segments (sections) : the 

first, depicting retention properties of fish up to 34 cm in. length at a 
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relatively high level of up to 80-90%, and a second one, resembling a 
typical selectivity ogive. Unfortunately, this part of the curve 

constitutes only its final, short segment. Scotia Sea icefish with a 

length exceeding 43 cm were fully retained by the codend. It was difficult 
to explain why the net material with relatively large meshes retained fish 
with lengths of 16-19 cm at a level of 50-60%, and fish with lengths of 

23-27 cm at a level as high as 80-90%. It is possible that the body 
features of Scotia Sea icefish (large head and spines on opercular bones) 
are responsible for small fish retention by the codend. It should be 

emphasized, however, that there were very few fish with lengths of 21-26 cm 

in the stock under investigation, which could have resulted in a misleading 

arrangement of selectivity data collected. 

Ocellated icefish 

Ocellated icefish occurred in greater quantities only on the 
fishing grounds of the South Shetland Is~ands and Elephant Island. A 

characteristic feature of these tows was their high yield. The length 

composition of ocellated icefish caught did not favour selectivity studies 
since fish with a length below 29 cm were very rare. 

The shape of the selectivity ogive in Figure 13 resembles a typical 

selectivity ogive with a large descent, resulting from a narrow selection 
interval, equalling barely 1.6 cm. Fish with a length of 27 cm reached a 

50% select~on level. Under these conditions, selectivity coefficient Fs 

equalled 2.21, selection quality Ws = 0.61. The length of fish fully 
retained by the codend was 44 cm. Analyzing the values obtained, it was 
obvious that the values of selectivity parameters were very low, which 
could not have been anticipated. This could have been caused by the 

insufficient quantity of materials collected, especially as regards smaller 

fish. Another reason might have been the fact that materials collected 
came from relatively abundant tows, in which investigated fish, packed 

together with many other fish in the codend, could not escape as easily as 
in the case of a smaller catch. Another reason for the low selectivity 

could have been the body shape of ocellated icefish or badly chosen mesh 
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size. Whatever the reasons for the deformation of the selectivity curve, 

it must be said that the calculated data point out to the low level of 
selective properties of the net material examined. 

Patagonian toothfish 

patagonian toothfish was caught in greater quantities only on the 

fishing grounds off Shag Rocks. The curve obtained (Figure 14) resembled 

in its middle and final part a typical selectivity curve. It was 

characterized by a gentle sloping towards the X-axis. It reached a 100% 
retention factor for fish with a length of 54 cm. Because of such a shape 

of the selectivity curve for patagonian toothfish, selectivity interval was 

relatively wide (8.1 cm). A 50% selection level was reached for relatively 

small fish (with a length of 34.4 cm). Selectivity coefficient Fs was 

2.81, and selection quality coefficient Ws = 0.64. Both of them did not 

give a high appraisal of the selective properties of the tested material 

for patagonian toothfish. 

Changes of material properties of the twine codend 

Material properties of the twine codend were very good as regards 

the ability to maintain constant mesh size during its use. Before use, wet 

mesh size was 123.6 mm, after the first two and after 30 hours of the 

codend exploitation its mesh size remained the same - 122.4 mm. The 

thickness of the twines did not undergo any changes either during the study 

and their kinks maintained their size, shape and stability. 

4.2.2 Tape codend with a nominal mesh size of 60 mm 

The tape codend, code-named "60" in the text, was made from special 

steelon tapes with a thickness of 3.5 mm and a width of 20 mm. The meshes 
of this codend were rectangular in shape. Although their size was 

determined in a different way, a value thus obtained may be believed to be 
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identical to mesh size of twine netting. During the measurements made, it 

equalled 62.5 mm dry and 61.9 mm wet. A change in the size of mesh after 

submerging in water was very slight, which was probably a result of the 

physico-chemical finish of this codend by means of a water emulsion of 

polyurethane resin and its drying at a temperature of 140°C. 

During the study, the codend rigging was slightly changed. At the 

beginning, the codend and the cover were encircled by 4 thick (~ = 30 mm) 

splitting straps connected by heavy shackles (Figure 5). After the 

changes, the 4 straps remained open, holding on to the bottom part of the 

codend by only two rings (Figure 6). Thus, the fine-meshed liner could 

easily float above the codend, which, according to the author, improved 

selection properties of the construction tested. The detailed description 

of the influence of the rigging upon the selective properties of the codend 

will be presented on the example of bumphead notothenia. 

This codend was tested on the following fishing grounds ,: Elephant 

Island, Joinville Island, Shouth Shetland Islands, Palmer Archipelago and 

Biscoe Archipelago. The main species taken included : spiny icefish 

(Chaenodraco wilsoni), ocellated icefish, mackerel icefish, Scotia Sea 

icefish, bumphead notothenia and Notothenia kempi. 

Mackerel icefish 

The shape of the selectivity curve (Figure 15) corresponded quite 

well to a theoretical selectivity ogive. It was characterized by a sharp 

ascent in the area of relatively small length classes of fish. A 50% 

selectivity level was achieved for fish with a length of 22.2 cm. Full 

retention was obtained for fish with a length of 33 cm. The selectivity 

interval was 3.6 cm. Selectivity coefficient Fs was 3.63, and selection 

quality coefficient Ws was 0.67. Although both coefficient values were not 

too high, they nevertheless signified a positive appraisal of the 

selectivity of this net material in the case of mackerel icefish. 
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Bumphead notothenia 

For the analysis of the "60" tape codend selectivity for bumphead 

notothenia, 14 tows were selected, including 9 made with the codend 

equipped with 4 splitting straps and 5 made without them. Separate 

selectivity ogives were drawn for each of the two phases of the experiment 

(Figure 16). 

The analysis of both ogives led to the conclusion that the 

alterations made in the codend gear increased its selective properties, 

which could be seen in the increase of fish length for the 50% selectivity 

level from 20.2 to 21.1 cm and the decrease of selection interval by about 

20%. That is why a modernized codend version without straps was used for 

further selectivity investigations. For this second codend version; the 

selection interval equalled 4.0 cm, selection co~fficient Fs = 3.45, and 
selection quality Ws was 0.7. The length of fish wholly retained by the 

codend was 30 cm. The parameters thus obtained gave a Qeneral appraisal of 

the selective capability of the codend with respect to bumphead notothenia 

at an average level which was connected with too small a mesh of this 

codend; as a result, a low value of length of fish, the 50% selection 

level, was obtained. 

scotia Sea icefish 

The shape of the curve presented in Figure 17 departs greatly from 

a typical selectivity ogive. It seems that this was caused by the small 

amount of material collected, especially as regards smaller length classes. 

Eight tows in which this species was quite abundant happened to be small 

tows, as in larger ones, the percentage share of Scotia Sea icefish was 
negligible. Under these conditions, a broken line was used to show the 

hypothetical continuation of the ogive. For both the actual and 

hypothetical ogives, a 50% selection level covered the class of very small 
fish with a length of 19.2 cm for the true curve and 20.2 cm for the 

hypothetical one. Selection interval was 2.4 cm, and the length of fish 

fully retained by the codend - 32.0 cm. Selectivity coefficient Fs = 3.14 
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and selection quality coefficient Ws was 0.6. These values give an 

appraisal of this codend's selectivity at a level below average. It may be 

said that the selectivity of the "60" tape codend for scotia Sea icefish 

was much worse than for other Antarctic fish species. 

Spiny icefish 

Seven tows selected for analysis were characterized by a relatively 

large yield and short duration. The characteristic feature of the 

selectivity curve (Figure 18) is the narrow selection interval, equalling 

1.7 cm. Unfortunately, it covers very small fish: a 50% selectivity level 

was determined for fish with a length as small as 17.6 cm. Beginning with 

a length of 31 cm, fish were fully retained by the codend. Selectivity 

coefficient Fs was 2.88 and selection quality coefficient Ws = 0.6. It 
seems that the selection parameters obtained were mostly influenced, apart 

from the shape of fish, by their length composition in the stock under 

study, high yield, and short tow duration. Small fish packed together with 

a large number of larger fish did not have a chance to get near the net 

material and escape although in theory they should have been able to do so 

with ease. Under these conditions, the length of fish for the 50% 

selection level could have been underestimated. 

Ocellated icefish 

Five tows selected for the study were all characterized by not too 

large yields. The main species caught in these tows was spiny icefish. 

The curve (Figure 19) resembles a theoretical selectivity ogive. 

It is characterized by a relatively narrow selection interval equalling 2.0 

cm. A 50% selection level comprised fish with a length of 28.8 cm. 

Selectivity coefficient Fs was 4.71, and selection quality coefficient Ws = 
0.90. The length of fish retained by the codend in 100% of cases was 32.0 

cm. All parameters obtained for ocellated icefish resulted in an 

exceptionally favourable appraisal of selective capabilities of the "60" 
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tape codend. It seems that the ability of fish to pass through the meshes 

in this experiment was very good, and this might have had its influence on 

the selective properties of the codend tested unlike in the case of spiny 

icefish, for which conditions of correct selection were unfavourable. 

Notothenia kempi 

A selectivity ogive is presented in Figure 20. The selection 

interval for Notothenia kempi was 3.8 cm. A 50% selection level was 
achieved by the codend for fish with a length of 20.4 cm. Selectivity 

coefficient Fs was 3.30, and selection quality coefficient was Ws was 0.64. 

The length of fish fully retained by the codend was 32.0 cm. The above 

values give a modest appraisal of the "60" tape codend's selective 

capabilities for Notothenia kempi. The mesh size in the codend was too 
small to efficiently protect immature fish against capture. 

Material properties of the "60" tape codend 

Changes in the mesh size in the "60 " tape codend are presented in 

Table 6. It appears from these measurements that the mesh size was the 
same during the trawl use and that is why the value of 60 mm was assumed as 
the mesh size for calculation of selectivity parameters. 

4.2.3 Tape codend with a nominal mesh size of 100 mm 

This codend, code-named "100" in the text, had a similar 

structure to that of the "60" codend, the only difference being that the 
"100" codend did not have the physico-chemical finish. This codend was 

tested on the following fishing grounds : South Georgia, South Orkney 

Island, South Shetland Islands and Elephant Island. 
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Mackerel icefish 

CUrves for the South Orkney Islands and for the South Shetland 

Islands and Elephant Island fishing grounds (Figure 21) were similar in 

shape and represented the same type of selection. In fact, they 

constituted the middle and final part of a typical selectivity ogive, which 

was connected with the occurrence at these grounds of mackerel icefish with 

lengths exceeding 30 cm. Selection interval was similar for both areas, 

equalling 7.0 cm on the average. Mean length of mackerel icefish for the 

50% selection level could also be assumed as identical for both areas; it 

equalled 33.5 cm. Under these circumstances selectivity coefficient Fs was 

3.3. Selection quality coefficient could also be assumed as identical for 
both curves: Ws = 0.72. The length of fish fully retained by the codend 

was 47.0 cm. The data obtained allow for a favourable appraisal of the 

"100" tape codend's selectivity for mackerel icefish. 

Bumphead notothenia 

Selectivity curves for the three investigated areas (Figure 22) had 

a similar shape, corresponding rather well to a standard selectivity ogive. 

The following values of basic selectivity parameters of the codend tested 

for fish caught at South Georgia grounds were determined on the basis of 

the analysis of these ogives : selection interval - 5.4 cm, mean length of 

fish for the 50% selection level - 35.7 cm, selectivity coefficient Fs = 

3.51, selection quality coefficient Ws = 0.83, length of fish fully 

retained by the codend - 43.0 cm. On the basis of these parameters, it may 

be said that the selectivity of the codend for bumphead notothenia was 

relatively good. 

The values of the basic selectivity parameters for bumphead 

notothenia taken on South Orkney and South Shetland grounds were similar. 

They were the following: selection interval - 10.7 cm, mean length of fish 

for the 50% selection level - 29.8 cm, selectivity coefficient Fs = 2.43, 

selection quality coefficient Ws = 0.75. Parameters obtained were slightly 

worse than those for bumphead notothenia from South Georgia fishing 

grounds. 
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These data clearly confirmed that selectivity depends not only on 

the material properties of the codend itself but also on many other 

factors, the most important of them being the yield attained, tow duration, 

species composition of tow, and the length composition of fish in the stock 

exploited. That is why the same codend may get seemingly different 

appraisals as regards its selectivity properties for the same species of 

fish, depending on the exploitation conditions, in which it is being used. 

scotia Sea icefish 

During the study period, only on the South Georgia fishing gounds, 

material suitable for the analysis of the codend for Scotia Sea icefish was 

collected in 5 tows. 

The analysis of the selectivity ogive (Figure 23) made it possible 

to determine the following values of basic selectivity parameters : 

selection interval - 14.2 cm, mean length of fish for the 50% selection 

level - 24.2 cm, selectivity coefficient Fs = 2.38, selection quality 

coefficient Ws = 0.49, length of fish fully retained by the codend - 49.0 

cm. The values thus obtained signified that selective properties of the 

codend with respect to Scotia Sea icefish were unsatisfactory. This was 

seen in a tendency of the codend to retain a large number of relatively 

small specimens. It is possible that the unfavourable results were 

influenced by the presence of various bottom organisms taken together with 

Scotia Sea icefish as well as the lack of physico-chemical finish of the 
codend. 

Ocellated icefish 

Selectivity ogives were drawn for the two fishing grounds (Figure 

24). The shape of both curves was almost identical. It must be stressed, 

however, that in both cases the number of specimens in the classes of 

smaller fish having a strong influence on the shape of the curve, was 

exceptionally low. That is why a more detailed analysis will deal only 
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with the curve for South Orkney Island, where fish were diversified in 

length. The main selectivity parameters for Scotia Sea icefish caught on 

the South Orkney fishing grounds were the following : selectivity interval 

- 2.3 cm, mean length of fish for the 50% selection level - 26.8 cm, 

selectivity coefficient Fs = 2.67, selection quality coefficient Ws = 0.69, 
length of fish fully retained by the codend - 39.0 cm. The values of these 

parameters estimate selective properties of this codend at a moderate 

level. The value of selectivity coefficient is especially low. However, 
taking into account the possibility of improving the codend's material 

properties, one may hope that it will be later given a favourable estimate, 

after a new set of data for the corrected versions has been collected. 

Spiny icefish 

Spiny icefish was found in greater numbers only on the South 

Shetland fishing grounds. ouring the study it was possible to select only 

one tow, very abundant, in which 8.2 tons of fish, mostly spiny icefish 

were taken. The tow duration was relatively short. Most fish were quickly 

packed together in the codend and it may be expected they did not have a 

chance to escape through the meshes. Thus, despite the great number of 

fish measured (Table 5) the above reservations should be borne in mind when 
interpreting the data obtained in this experiment. 

The selectivity ogive drawn on the basis of measurements and 

calculations made is presented in Figure 25. This curve served as a basis 

for the calculations of the following main selection parameters of the 

codend for spiny icefish : selectivity interval - 2.7 cm, mean length of 

fish for the 50% slection level - 22.0 cm, selectivity coefficient Fs 

2.17, selection quality coefficient Ws = 0.65, length of fish fully 

retained by the codend - 34.0 cm. It could be expected that due to 

circumstances described above, i.e. the difficult escape of fish through 

the codend material, the values estimating selectivity will have relatively 

low values, reflecting a negative appraisal of this codend's selectivity. 

This appraisal, however, must be related to a given experiment. It seems 

that when its conditions change and a situation favouring the correct 
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process of fish selection is created, it will remain at the same level as 

was the case with ocellated icefish. It is clear that in case of such 
abundant catches, when within a short time tons of fish enter the codend, 

it is difficult to speak about selectivity as such. 

South Georgia icefish 

This species occurred in greater quantities only on the fishing 

grounds of South Georgia. A characteristic feature of the material 
collected was the small number of specimens with lengths below 25 cm and 

the absence of fish in certain length classes, e.g. 26-29 cm. Larger fish 

were represented in greatest numbers. On the basis of measurements and 

calculations made, a selectivity ogive for South Georgia icefish was drawn 

(Figure 26). 

AS a result of the analysis of selectivity of the big tape codend 

for South Georgia icefish, the following values of main selection 
parameters were obtained: selection interval - 8.5 cm, mean length of fish 

for the 50% selection level - 23.0 cm, selectivity coefficient Fs = 2.26, 

selection quality coefficient Ws= 0.58, length of fish fully retained by 

the codend - 40.0 cm. These parameters give a negative appraisal of the 

codend. It seems, however, that the collection of more numerous material 

and an improvement of material properties of the codend would improve this 

appraisal. 

Material properties of the "100" tape codend 

The mesh size of the "100" tape codend changed during the trawl use 
in the manner presented in Table 7. 

Although the changes in mesh size were not great, the tape net 

material could hardly be classified as stable. Mesh size changed because 

of the unstable tape junctions. 
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CONCLUSIONS 

The value of main selection parameters for each type of codend for 

selected fish species are listed in Table 8. Our trawl selectivity studies 

were conducted for the first time in the Antarctic and that is why the mesh 

size of net materials from which codends were made was not selected well. 

During the experiment two different constructions were appraised 

unfavourably : double-layer codend and single-layer codend, made of twine 

and having a similar selectivity characteristic for several commercial fish 

species taken in the Antarctic. The mesh size in these codends (120 mm) 

turned out to be too big for almost ~ll species of Antarctic fish studied. 

This net material may be used in practice only for Patagonian toothfish. 

Data collected during selectivity studies for both tape codends 

seemed quite interesting. It was demonstrated that net materials of this 

type had selective properties and may be used in practice for the 

construction of codends used for the capture of Antarctic fish. 

Unfortunately, none of the tested mesh sizes may be recommended for 

practical use because one of them, 60 mm, was too small for most fish 

species while the other, 100mm, was too large. The positive impact of a 

change of mesh size from 60 to 100 mm on an increase in fish length for the 

50% selection level and the length of fish fully retained by the codend was 

noted during the tests with both tape net materials. An increase in mesh 

size also brought about an increase in selection interval, which may have 
been connected with the different physico-chemical finish of both tape 

materials, and increase in the selection quality coefficient though there 

were exceptions to this rule. It was most difficult to interpret changes 

in selectivity coefficients because for some fish species, e.g. bumphead 

notothenia and mackerel icefish, this coefficient did not change 

significantly while for others it decreased, which should be related to a 

deterioration of the codend material properties. 

The experiments indicated that the protection of juvenile Antarctic 

fish is possible by the choice of proper mesh size in the codend. The 

results obtained, however, should be treated as preliminary. Selectivity 

studies of codends used in the Antarctic should be continued with 



- 23 -

additional mesh sizes of 70 and 80 mm in the codends with a very fine 

physico-chemical finish. Further studies should also take into account the 
observed different behaviour of fish in the codend, their number and length 

composition, amount and species composition of the by-catch and other 

factors. It turned out that these conditions may considerably influence 
the' selectivity of codends. 



Table 1 Characteristics of codend net materials 

Materials used for construction Mesh bar length 
dry (nun) Mesh 

Type of codend Staple Final Thickness Technology Physico- size dry 
product or width of chemical (nun) 

(nun) production finish Nominal Actual 

"" N pclyamide double JJ 7.0 tied factory made 80 84 124 
twine 

single-layer steelon tape 3.5 x 20 braided pclyurethane 36x25 36x25 61 

steel on tape 3.5 x 20 braided no finish 102 

outer 
chafer steelon twisted JJ 10 braided no finish 120 119 220 

double- rope 
layer 

codend steelon double JJ 3.5 tied osolan S 57 59 125 
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Table 2 Material for selectivity studies of a double-layer codend (mesh 
size 120 mm) 

Species Fishing Ground No of No of fish measured 
tows in codend in liner 

Mackerel South Gerogia 
Icefish and Shag Rocks 6 430 421 

South Orkney IS. 4 2272 1 905 

Bumphead South Georgia 
notothenia and Shag Rocks 9 1 898 979 

South Orkney IS. 6 6 562 2 288 

Scotia Sea South Georgia 9 1 008 325 
icefish 

South Orkney Is. 3 164 36 

Table 3. Material for selectivity studies of a single-layer twine codend 
(mesh size 120 mm) 

Species Fishing Ground No of No of fish measured 
tows in codend in liner 

Mackerel South Georgia 9 2 864 2 274 
icefish South Shetland IS. 8 3 501 1 084 

Elephant I. 

Bumphead South Georgia 7 1 663 1 093 
notothenia South Shetland IS. 8 10 609 4 253 

Elephant I. 

Scotia Sea South Georgia 7 3 490 1 161 
icefish South Shetland Is. 7 827 106 

Elephant I. 

Ocellated South Shetland Is. 7 4 901 153 
icefish Elephant I. 
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Table 4. Material for selectivity studies of a single-layer tape codend 
(mesh size 60 mm) collected in the Antarctic Peninsula area. 

Species No of tows No of fish measured 

codend without in codend in liner 
with straps 
straps 

Mackerel icefish 7 10 809 82 

Bumphead notothenia 9 4 424 2 706 

5 3 776 1 160 

Scotia icefish 8 523 42 

Spiny icefish 7 69 147 379 

Ocellated icefish 5 742 130 

Notothenia kempi 5 1 190 778 

Table 5. Material for selectivity studies of a single-layer tape codend 
(mesh size 100 mm) 

Species Fishing Ground No of No of fish measured 
tows in codend in liner 

Mackerel South Orkney Is. 3 10 615 2771 
icefish South Shetland IS. 3 1 687 454 

Elephant I. 

Bumphead South Georgia 5 795 1 156 
notothenia South Orkney Is. 3 1 178 1 059 

South Shetland IS. 3 2 670 3 826 
Elephant I. 

Scotia Sea South Georgia 5 1 646 1 272 
icefish 

Ocellated South Orkney Is. 3 1 263 50 
icefish South Shetland Is. 3 2 386 56 

Spiny 
icefish South Shetland Is. 1 36 400 5 856 

South 
Georgia 
Icefish South Georgia 5 560 62 
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Table 6 Changes in the mesh size (mm) in the "60" tape codend 

After 
first tow 

61.8 

Table 7 

Value 
measured 

Mean (mm) 

After 
20 hours 

60.7 

Changes in mesh 

Before use 

Dry Wet 

98.0 100.9 

After 
40 hours 

61.0 

After 
60 hours 

61.9 

Mean 

61.2 

size of the "100" tape codend 

After After After Mean assumed 
2 hours 10 hours 25 hours for calculation 

101.1 101.1 102.0 101.6 
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Figure 2 Plan of 32/36 bottom trawl construction. 
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Plan of standard codend rigging (version I). 
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Figure 13 Twine codend (mesh 120 mm) selectivity ogive for ocellated 
icefish. 

~..-
0 0 

T5-iT--'--' 
~ 

I 0 I 
i 0 I 

0 I 
5 

i 
;Oh-~ 

0 -- ! 
I 

2 5 

I 
i 0 

i 
i 

,_0 ___ . 

15 20 25 30 35 40 45 50 55 

Fish ! en9t h (rL, cm) 

Figure 14 Twine codend (mesh 120 mm) selectivity ogive for Patagonian 
toothfish. 



- 37 -

0--0--0-v 

o/' 
r--

5 
i 0 (! 0 

i i 
I i 
i i 

0 
i I 

1 
i 

5 

i I 

5 ._. i 

I1 
2 

./ 
15 20 25 0 35 0 45 

fish length (TL, cm) 

Figure 15 Tape codend ("60") selectivity ogive for mackerel icefish on 
Antarctic Peninsula grounds. 

'U 

:5 

5i 0 

2 5 

15 

;/ / 
i ! , 11 
i I I' , 

i l I 

i /1 i 
j 1 

" i i ll!il i !:' I! 
. , . I 

L Jl I i 
o~o _/' 

/ . .' ...... ~-..-". 

20 25 .30 

----~ ........ -

35 

[odend wdh strops 

Lodend wdhout strops 

50 
Fish len9fh (TL,cm) 

Figure 16 Tape codend ("60") selectivity ogive for bumphead Notothenia on 
Antarctic Peninsula grounds. 



50 

25 

- 38 -

/ -0 

--
/( 

I i' ~'1 'J 
I . / ! ----- Segment of hypotheticaL I 
I {' I curve I . /. . 

! 
.!-+--! I . I I I ~ I I 

• 0' • 

I I I I I 
l_. i 

j 

15 20 25 30 ..35 40 45 50 55 60 
F;'sh L engfh/TL, cm/ 

Figure 17 Tape codend ("60") selectivity ogive for Scotia Sea icefish on 
Antarctic Peninsula grounds. 

Figure 18 

r 0 

5 

i~ . I I . 

2 

~i I . 
. I 

5 
___ i 

15 0 25 30 35 ~C! 

Tape codend ("60") selectivity ogive for spiny icefish on 
Antarctic Peninsula grounds. 



~ 
~ 
QJ 

.1::: 
~ 

- 39 -

...... 
~ 1oo+----------r--------------~I,-~o~~~~--~~~~~~~ 

.§ I1 
~ 
2-- 75+----------+-------------.-

~ i'-/: 
i I: 

50+-------~~--------4~~~:-------------+---------

25+--------+--.-. J-.. -+. 

15 20 2S 30 .35 40 "45 

F/sh Length (TL, cm) 

Figure 19 Tape codend ("60") selectivity ogive for ocellated icefish on 
Antarctic Peninsula grounds. 

50+----------1 

25+------+ 

15 20 25 o 35 "40 

Fish tength(TL, cm) 

Figure 20 Tape codend ("60") selectivity ogive for Notothenia kernpi on 
Antarctic Peninsula grounds. 



~ 
"-
Cl 
<lJ 
.~ 
Cl -... 
~ 

.S ..;:; 
~ 
:} 
<l: 

~ 
'/00 "-

~ 
'<J .<::: 
is 
"Q) 
'- 75 

.~ 
-;:; 
~ 
~ 50 ~ 

l.5 

IS 20 25 

- 40 -

o 0 ~ South OrkneyJs. grounds 

--- ......... - Soufh ShetLand Js. ond 
Elephant J. grounds 

v~-~ -~. 
?-" ,,-

,,-L ... 
_1'_'_' 0 ... 

~ • 0 0 0" .. / •• ~ 
11 /1 ! 
i! ?' i 1 r:+ ./_. p. .. / . 1 I . I 
1 / I. 
i I i 1 
.. Y ~ L._._i. _. , 
I 

I 

.30 .35 4'0 I li5 5'0 

Fish Len9th (TL, cm) 

Figure 21 Tape codend ("100") selectivity ogive for mackerel icefish. 

1'00 

75 

50 

25 

- ................... --
... [} • .Q • .Q .... 

South Geor910 grounds 

South Orkney Js. grounds 
South Shetland J.s. ond Efephont J. 

grounds 

~·~v 
p;.~;:: / .. ' / 

.' I 

T-'-'- . _,,-$/L.-
I. cr',·· . 
1 ." 1 I. I 

1 q;~ i' . 
i 1 

.> t ,I 1 
• ~y • " 

0 

l~._ . • .... 1 11 1 
.-.d-·~i ._. 

I 1 i ... rf 1 ·1 
. 6 I' i 
~ ~ • :,£ ! 
I . 9'-'0 1 .1 1 

n .. ~ .~. 1 
~.-.-

U b'o '? 
0·.0· .... ······· .. · .,,/' 0 ... 0 

.-" 0 0 0 ~ 
-~ 

15 2'0 25 3D 35 4'0 5'0 
fish fen9th In, cm) 

Figure 22 Tape codend ("100") selectivity ogive for burnphead Notothenia. 



- 41 -

_0_0 0 ~ _. _. _. t------------+-----------'f----

25 ~-----_l_----~--- .-------t-----

15 20 25 3D 35 40 45 50 55 60 
fish !englh/TL,crn/ 

Figure 23 Tape codend ("100") selectivity ogive for scotia Sea icefish on 
South Georgia grounds. 

~ 
'-. 
't:J 
<lJ 

.1;: 

.§ 
~ 
I;: 

.Cl 
~ 
"-Cl 

~ 
~ 

100 
~ 

• 8/'" 0 

/ 
I 

I 

... 
75 -t-~~~---t~~~-I-' --j- -tt~~~~~~+--~-

i Ij ~ , 0 South OrkneljJs. grounds 
I .,. 
. " I 

50 
i 1 

i/ 
if 

25+---------~----~, 

I 

15 20 

I . 
........-.--~ South Shetland Js.qrounds 

30 35 4S 

~/sh Length (n, cm) 

Figure 24 Tape codend ("100") selectivity ogive for ocellated icefish. 



----. 
~ 
"0 
Q, 

.1:: 
2) 
"" 'I: 
c: 

.Cl 

.,::; 
<.. 
() 

g.. 
~ 

- 42 -

(00 . . 

75 

:iO 

2S+------I-_l_ 

~-1'5---~~2-0---·~----+3-0---.3-5---­

F/sh ten9th (TL, cm) 

Figure 25 Tape codend ("100") selectivity ogive for spiny icefish on South 
Shetland grounds. 

:~ 
---..-. ... 

._._.-. /" 
,/'! 

I /' I -- - - Segment of h'lpothett"co{ 
i 
i. 

. j 09,ve 
- .. . _. 

i r 
I . 
I I 
.-.-. i 

I 
25 

15 125 30 35 45 50 55 

I"/sh length (TL, cm) 

Figure 26 Tape codend ("100") selectivity ogive for South Georgia icefish 
on South Georgia grounds. 



Tableau 1 

Tableau 2 

Tableau 3 

Tableau 4 

Tableau 5 

Tableau 6 

Tableau 7 

Tableau 8 

Figure 1 

Figure 2 

Figure 3 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

Figure 8 

Figure 9 

- 43 -

SC-CAMLR-V/BG/29 

Legendes des tableaux 

caracteristiques des materiaux du filet au cuI de chalut. 

Donnees pour les etudes de selectivite d'un cuI de chalut a 
deux couches (taille du maillage 120 mm). 

Donnees pour les etudes de selectivite d'un cuI de chalut a 
cordes a une seule couche (taille du maillage 120 mm). 

Donnees pour les etudes de selectivite d'un cuI de chalut a 
rubans a une seule couche (taille du maillage 60 mm) 
recueillies dans la zone de la Peninsule Antarctique. 

Donnees pour les etudes de selectivite d'un cuI de chalut a 
rubans a une seule couche (taille du maillage 100 mm). 

Changements dans la taille du maillage (mm) du cuI de 
chalut a rubans de "60". 

Changements dans la taille du maillage du cuI de chalut a 
rubans de "lOO". 

Valeurs des principaux parametres de selectivite des culs 
de chalut testes. 

Legendes des figures 

Plan de la construction du cuI de chalut a rubans. 

Plan de la construction du chalut de fond 32/36. 

Plan du greement de l'engin de peche pour le chalut de fond 
32/36. 

Plan du cuI de chalut a rubans avec un voile superleur a 
petites mailles et un entre-deux a petites mailles dans la 
partie inferieure du cuI de chalut. 

Plan du greement standard du cuI de chalut (version I). 

Plan du greement modifie du cuI de chalut a rubans (version 
II). 

Ogive de selectivite du cuI de chalut a deux couches 
(maillage 120 mm) pour le maquereau des glaces. 

Ogive de selectivite du cuI de chalut a deux couches 
(maillage 120 mm) pour Notothenia gibberifrons. 

Ogive de selectivite du cuI de chalut a deux couches 
(maillage 120 mm) pour Chaenocephalus aceratus sur les 
secteurs de peche de la Georgie du SUd. 
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ogive de selectivite du cuI de chalut a cordes (maillage 
120 mm) pour le maquereau des glaces. 

Ogive de selectivite du cuI de chalut a cordes (maillage 
120 mm) pour Notothenia qibberifrons. 

ogive de selectivite du cuI de chalut a cordes (maillage 
120 mm) pour Chaenocephalus aceratus. 

ogive de selectivite du cuI de chalut a cordes (maillage 
120 mm) pour le poisson des glaces ocelle. 

Ogive de selectivite du cuI de chalut a cordes (maillage 
120 mm) pour le colin antarctique. 

ogive de selectivite du cuI de chalut a rubans ("60") pour 
le maquereau des glaces sur les secteurs de peche de la 
Peninsule Antarctique. 

ogive de selectivite du cuI de chalut a rubans ("60") pour 
Notothenia qibberifrons sur les secteurs de peche de la 
Peninsule Antarctique. 

ogive de selectivite du cuI de chalut a rubans ("60") pour 
Chaenocephalus aceratus sur les secteurs de peche de la 
Peninsule Antarctique. 

ogive de selectivite du cuI de chalut a rubans ("60") pour 
le poisson des glaces epineux sur les secteurs de peche de 
la Peninsule Antarctique. 

Ogive de selectivite du cuI de chalut a rubans ("60") pour 
le poisson des glaces ocelle sur les secteurs de peche de 
la Peninsule Antarctique. 

Ogive de selectivite du cuI de chalut a rubans ("60") pour 
Notothenia kempi sur les secteurs de peche de la Peninsule 
Antarctique. 

ogive de selectivite du cuI de chalut a rubans ("100") pour 
le maquereau des glaces. 

ogive de selectivite du cuI de chalut a rubans ("100") pour 
Notothenia qibberifrons. 

ogive de selectivite du cuI de chalut a rubans ("100") pour 
Chaenocephalus aceratus sur les secteurs de peche de la 
Georgie du SUd. 

ogive de selectivite du cuI de chalut a rubans ("100") pour 
le poisson des glaces ocelle. 

ogive de selectivite du cuI de chalut a rubans ("100") pour 
le poisson des glaces epineux sur les secteurs de peche des 
Shetland du SUd. 

ogive de selectivite du cuI de chalut a rubans ("100") pour 
Pseudochaenichthys georgianus sur les secteurs de peche de 
la Georgie du SUd. 
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Encabezamientos de las Tablas 

Caracteristicas de los materiales de las redes de corona. 

Datos para los estudios de selectividad de una malla de 
corona de doble capa (luz de malla de 120 mm). 

Datos para los estudios de selectividad de una malla de 
corona de hilo trenzado de capa simple (luz de malla de 
120 mm). 

Datos para los estudios de selectividad de una malla de 
corona de cinta de capa simple (luz de malla de 60 mm), 
recopiladosen el area de la Peninsula Antartica. 

Datos para los estudios de selectividad de una malla de 
corona de cinta de capa simple (luz de malla de 100 mm). 

Cambios en la luz de malla (mm) en la corona de cinta "60". 

Cambios en la luz de malla de la corona de cinta "100". 

Valores de los principales parametros de selectividad de 
las mallas de corona probadas. 

Legendas de las Figuras 

PIano de construccion de la corona de cinta. 

PIano de construccion del arrastre de fondo 32/36. 

PIano del equipamiento del arrastre de fondo 32/36. 

PIano de la corona de cinta con un forro superior de malla 
fina y una insercion de malla fina en la parte inferior de 
la corona. 

PIano del equipamiento estandar de la corona (version I). 

PIano del equipamiento modificado de la corona de cinta 
(version II). 

Ojiva de selectividad de la malla de corona de doble capa 
(luz de malla de 120 mm) para el pez de hielo caballa. 

ojiva de selectividad de la malla de corona de doble capa 
(luz de malla de 120 mm) para Notothenia gibberifrons 
(bumphead notothenia). 

Ojiva de selectividad de la malla de corona de doble capa 
(luz de malla de 120 mm) para el pez de hielo del Mar de 
Scotia en zonas de Georgia del Sur. 

Ojiva de selectividad de la malla de corona de hilo 
trenzado (luz de malla de 120 mm) para el pez de hielo 
caballa. 
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Ojiva de selectividad de la malla de corona de hilo 
trenzado (luz de malla de 120 mm) para Notothenia 
gibberifrons (bumphead notothenia). 

Ojiva de selectividad de la malla de corona de hilo 
trenzado (luz de malla de 120 mm) para el pez de hielo del 
Mar de Scotia. 

Ojiva de selectividad de la malla de corona de hilo 
trenzado (luz de malla de 120 mm) para el pez de hielo 
ocelado. 

Ojiva de selectividad de la malla de corona de hilo 
trenzado (luz de malla de 120 mm) para D. eleginoides 
(patagonian toothfish). 

Ojiva de selectividad de la malla de corona de cinta ("60") 
para el pez de hielo cabal la en zonas de la Peninsula 
Antartica. 

ojiva de selectividad de la malla de corona de cinta ("60") 
para Notothenia gibberifrons (bumphead notothenia) en zonas 
de la Peninsula Antartica. 

Ojiva de selectividad de la malla de corona de cinta ("60") 
para el pez de hielo del Mar de Scotia en zonas de la 
Peninsula Antartica. 

Ojiva de selectividad de la malla de corona de cinta ("60") 
para el pez de hielo espinoso en zonas de la Peninsula 
Antartica. 

Ojiva de selectividad de la malla de corona de cinta ("60") 
para el pez de hielo ocelado en zonas de la Peninsula 
Antartica. 

ojiva de selectividad de la malla de corona de cinta ("60") 
para Notothenia kempi en zonas de la Peninsula Antartica. 

Ojiva de selectividad de la malla de corona de cinta 
("100") para el pez de hielo caballa. 

Ojiva de selectividad de la malla de corona de cinta 
("100") para Notothenia gibberifrons (bumphead notothenia). 

ojiva de selectividad de la malla de corona de cinta 
("100") para el pez de hielo del Mar de Scotia en zonas de 
Georgia del Sur. 

Ojiva de selectividad de la malla de corona de cinta 
("100") para el pez de hielo ocelado. 

Ojiva de selectividad de la malla de corona de cinta 
("100") para el pez de hielo espinoso en zonas de Shetland 
del Sur. 

Ojiva de selectividad de la malla de corona de cinta 
("100") para el pez de hielo de Georgia del Sur en zonas de 
Georgia del Sur. 
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3arOJIOBKIi K Ta6JIliuaM 

XapaKTepliCTIiKIi MaTepliaJIa ceTHoro nOJIOTHa KYTKa. 

I1H<popMaijIiH AJIH 1i3yqeHliH CeJIeKTIiBHOCTIi ABYCJIOflHOrO 
KYTKa (pa3Mep HqeH - 120 MM). 

I1H<popMaijIiH AJIH 1i3yqeHliH CeJIeKTIiBHOCTIi 
OAHOCJIOHHOrO BepeBOqHOrO KYTKa (pa3Mep HqeH -
120 MM). 

I1H<popMaijIiH AJIH 1i3yqeHliH CeJIeKTIiBHOCTIi 
OAHOCJIOHHOrO JIeHTOqHOrO KYTKa (pa3Mep HqeH -
60 MM), C06paHHaH B paHOHe AHTapKTliqeCKOrO 
nOJIYOCTpOBa. 

I1H<popMaijIiH AJIH 1i3yqeHliH CeJIeKTIiBHOCTH 
OAHOCJIOHHOrO JIeHTOqHOrO KYTKa (pa3Mep HqeH -
100 MM). 

I13MeHeHIiH B pa3Mepe HqeH (B MM) JIeHTOqHOrO KYTKa 
"60". 

I13MeHeHIiH B pa3Mepe HqeH JIeHTOqHOrO KYTKa "100". 

BeJIliqliHW OCHOBHWX napaMeTpoB CeJIeKTIiBHOCTIi 
onpo6oBaHHwx KYTKOB. . 

CxeMa YCTpoHcTBa JIeHTOqHOrO KYTKa. 

CxeMa YCTpoHcTBa AOHHoro TpaJIa 32/36. 

CxeMa OCHa~eHIiH AOHHoro TpaJIa 32/36. 

CxeMa JIeHTOqHOrO KYTKa C MeJIKOHqeliCTWM 
Pbl6oYJIOBHTeJIeM B BepxHeH qaCTH H MeJIKOHqeliCTblM 
BKJIaAblllleM B HIi>KHeH qaCTH KYTKa. 

CxeMa CTaHAapTHoro MOHTa>Ka KYTKa (BapHaHT r). 

CxeMa MOAIi<pliijlipOBaHHOrO MOHTa>Ka JIeHTOqHOrO KYTKa 
(BapliaHT rr). 

OrliBa CeJIeKTIiBHOCTH ABYCJIOHHOrO KYTKa (HqeH -
120 MM) AJIH JIeAHHOH CKYM6plili. 

OrliBa CeJIeKTIiBHOCTIi ABYCJIOHHOrO KYTKa (HqeH -
120 MM) AJIH 3eJIeHOH HOTOTeHIiIi. 

OrHBa CeJIeKTHBHOCTH ABYCJIOHHOrO KYTKa (HqeH -
120 MM) AJIH JIeAHHOH Pblfibl MOpH CKOTHH B paHOHe 
IO)fmOH reoprlili. 

OrliBa CeJIeKTIiBHOCTH BepeBOqHOrO KYTKa (HqeH -
120 MM) AJIH JIeAHHOH CKYM6pHIi. 
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PHCYHOK 11 OrHBa ceneKTHBHOCTH BepeBOqHOrO KYTKa (HqeH -
120 MM) AnH 3eneHOH HOTOTeHHH. 

PHCYHOK 12 OrHBa ceneKTHBHOCTH BepeBOqHOrO KYTKa (RqeH -
120 MM) AnH neAHHOH PbI6bI MOPH CKOTHH. 

PHCYHOK 13 OrHBa ceneKTHBHOCTH BepeBOqHOrO KYTKa (HqeH -

120 MM) AnH nHTHHCTOH neAHHOH pbI6bI. 

PHCYHOK 14 OrHBa ceneKTHBHOCTH BepeBOqHOrO KYTKa (HqeH -

120 MM) AnH naTarOHCKOrO KnbIKaqa. 

PHCYHOK 15 OrHBa ceneKTHBHOCTH neHTOqHOrO KYTKa ("60") AnH 
neAHHoH CKYM6pHH B paHoHe AHTapKTHqeCKOrO 
nonYOCTpOBa. 

PHCYHOK 16 OrHBa ceneKTHBHOCTH neHTOqHOrO KYTKa ("60") AnH 
3eneHoH HOTOTeHHH B paHoHe AHTapKTHqeCKOrO 

nonYOCTpOBa. 

PHCYHOK 17 OrHBa ceneKTHBHOCTH neHTOqHOrO KYTKa ("60") AnH 
neAHHoH pw6w MOPH CKOTHH B paHoHe AHTapKTHqeCKOrO 
nonYOCTpOBa. 

PHCYHOK 18 OrHBa CeJleKTHBHOCTH neHTOqHOrO KYTKa ("60") AnH 
KonroqeH neAHHoH pw6w B paHoHe AHTapKTHqeCKOrO 

nonYOCTpOBa. 

PHCYHOK 19 OrHBa ceneKTHBHOCTH neHTOqHOrO KYTKa ("60") AnH 
nHTHHcTOH neAHHoH pw6w B paHoHe AHTapKTHqeCKOrO 

nonYOCTpOBa. 

PHCYHOK 20 OrHBa ceneKTHBHOCTH neHTOqHOrO KYTKa ("60") 
AnR Notothenia kempi B paHoHe AHTapKTHqeCKOrO 

nonYOCTpOBa. 

PHCYHOK 21 OrHBa ceneKTHBHOCTH neHTOqHOrO KYTKa ("60") AnH 
neAHHoH CKYM6pHH. 

PHCYHOK 22 OrHBa ceneKTHBHOCTH neHTOqHOrO KYTKa ("100") AnH 
3eneHoH HOTOTeHHH. 

PMCYHOK 23 OrHBa ceneKTHBHOCTH neHTOqHOrO KYTKa ("100") AnH 
neAHHoH PbI6bI MOpH CKOTHH B paHoHe IO>KHoH feoprMM. 

PHCYHOK 24 OrHBa ceneKTHBHOCTM neHTOqHOrO KYTKa ("100") AnH 
nHTHHcTOH neAHHoH pw6w. 

PHCYHOK 25 OrMBa ceneKTHBHOCTM neHTOqHOrO KYTKa ("lOO") AnH 
KonroqeH neAHHoH PbI6bI B paHoHe IO>KHbIX IIleTnaHAcKMx 

OCTpOBOB. 

PHCYHOK 26 OrHBa ceneKTMBHOCTH neHTOqHOrO KYTKa ("100") AnH 
neAHHoH PbI6bI IO>KHoH feoprMH. 
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SC-CAMLR-VI/BG/31 

AREAS OF SEABED WITHIN SELECTED DEPTH RANGES IN THE SOUTH-WEST ATLANTIC AND 
ANTARCTIC PENINSULA REGIONS OF THE SOUTHERN OCEAN 

1. Everson 
(united Kingdom) 

Abstract 

Data were tabulated for FAO sub-areas: 48.1 (East), 
48.1 (West), 48.2, 48.3, 48.4, 48.5 and 88. Total areas 
and sea areas were given for these categories. Areas 
estimated from admiralty charts were expressed as 
percentages for the following depth ranges : 0-50, 
50-100, 150-250, 250-500 and >500m; 0-150, 0-250, 0-500, 
>50, >150, and >500m. Extra detailed information was 
presented for subdivisions 50, 51, and 52 of sub-area 
48.3. 

Les donnees ont ete presentees sous forme de tableau 
pour les sous-zones de la FAO: 48.1 (Est), 48.1 
(Ouest), 48.2, 48.3, 48.4, 48.5 et 88. Les zones 
totales et les regions marines ont ete donnees pour ces 
categories. Les regions estimees a partir des cartes 
marines ont ete exprimees en pourcentages pour les 
gammes de profondeur suivantes : 0-50, 50-lOO, 150-250, 
250-500 et >500m; 0-150, 0-250, 0-500, >50, >150, et 
>500m. D'autres renseignements detailles ont ete 
presentes pour les subdivisions 50, 51, et 52 de la 
sous-zone 48.3. 

Resumen 

Se tabularon datos para las siguientes sub-areas FAO : 
48.1 (Oriental), 48.1 (occidental), 48.2, 48.3, 48.4, 
48.5 Y 88. Se dieron areas tot ales y areas de mar para 
estas categorias. Las areas estimadas en base a cart as 
de almirantazgo fueron expresadas como porcentajes para 
10s siguientes rangos de profundidad : 0-50, 50-lOO, 
150-250, 250-500 y >500m; 0-150, 0-250, 0-500, >50, 
>150, y >500m. Se presento informacion detallada 
adicional para las subdivisiones 50, 51 Y 52 de la 
sub-area 48.3. 
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Pe3IOMe 

CBeAeHbl B Ta6ml~bl AaHHble 110 CJJeAYIOII(MM 
1I0ApaHOHaM <pAO: 48.1 (BoCTOqHaH qaCTb). 48.1 
(3anaAHaH qaCTb), 48.2, 48.3, 48.4, 48.5 M 88. 
no Ka>KAOMY M3 HMX AaHbl 06ll(aH IIJIOll(aAb M IlJIOll(aAb 
aKBaTopMM. nJIOll(aAM, OllpeAeJIeHHhle 110 
aAMMpaJITeHCKMM KapTaM, AaHbl B npo~eHTHOM 
Bhlpa>KeHMM AJIH CJIeAYIOII(MX AMalla30HOB rJIy6MH: 
0-50, 50-100, 150-250, 250-500 M >500 M, 
0-150, 0-250, 0-500, >50. >150 M >500 M. 

no 1I0AyqaCTKaM 50, 51 M 52 nOApaHOHa 48.3 AaHa 

AOIIOJIHMTeJIbHaH lIoAP06HaH MH~opMa~MH. 
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AREAS OF SEABED WITHIN SELECTED DEPTH RANGES 

IN THE SOUTH-WEST ATLANTIC AND ANTARCTIC 

PENINSULA REGIONS OF THE SOUTHERN OCEAN 

I. Everson 

British Antarctic Survey 

Cambridge, united Kingdom 

During the first meeting of the Fish Biology Working Party of the 

SCAR/SCOR/IABO/ACMRR Group of Specialists on Living Resources of the 

Southern Ocean it was recognised that in order to facilitate stock 

assessment studies it would be advantageous to have information on areas of 

seabed between selected depth contours. This paper provides this 
information for the Antarctic Peninsula and the Scotia Arc regions (Figure 

1). This paper was originally published as I. Everson (1984)*. This is a 

revised and corrected version of that paper. 

METHODS 

Contours at 50, 150, 250 and 500 metres depth were drawn on 

Admiralty Charts covering the whole area. The FAO sub-areas were then 

marked in and each sub-area divided into rectangles for the area analyses. 

Where an area was present on more than one chart the rectangle used was 

that on the largest scale chart. Areas were estimated using transparent 

millimetre graph paper and the areas converted to square kilometers by 

reference to the scale at the relevant latitude. The results are set out 

in Tables 1 - 15. The co-ordinates are those of the northern, southern, 

eastern and western limits of each rectangle. All latitudes are in degrees 

south, all longitudes in degrees west. In several instances these include 

rectangles from larger scale charts although the areas have been treated 

separately, (i.e. there is no overlap in the area measured). 

* I. Everson, Areas of Seabed within Selected Depth Ranges in the 
South-West Atlantic and Antarctic Peninsula Regions of the Southern 
Ocean, British Antarctic Survey, Cambridge, 1984. 



Table 1 

FAO sub-area 

48.1 (East) 

48.1 (West) 

48.2 

48.3 

48.4 

48.5 

88 (70°- 92°W) 

Summary of areas of seabed between specified depth ranges. 
Where no number is entered, the area has been incorporated into 
the next deepest range. 

Area of sea (km2 ) within depth range (m) 

0-50 50-150 150-250 250-500 >500 

3 404 4 255 17 020 826 318 

342 10 733 22 808 12 075 296 055 

847 846 250 

209 598 1 973 713 

19 275 3 401 40 817 1 070 314 

Table 

Total numbers 

218 101 2, 9 

572 070 3, 10 U1 
10 

850 997 4, 11 

341 672 5, 12 

847 097 6, 13 

2 183 316 7, 14 

1 133 807 8, 15 



Table 2 FAO Subarea 48.1 (East). 

Coordinates % Sea area in depth range (m) Area (km2 ) 

Subdivision N S E W 0-50 50-150 150-250 250-500 )500 Sea Total 

62°00' 62°20' 59°30' 60°00' 2.2 8.7 44.6 44.6 956 957 

2 62°00' 62°20' 58°30' 59°30' 91.6 2.9 3.7 1.8 1359 1934 

3 62°00' 62°20' 57°30' 58°30' 27.6 6.4 12 54 1500 1934 

4 62°20' 62°40' 57°30' 58°30' 0 0 0 100 1898 1898 

5 62°20' 62°40' 58°30' 59°30' 9.5 2.7 3.2 84.5 1809 1898 

6 62°20' 62°40' 59°30' 60°00' 63.3 8.7 9.7 18.4 772 949 

7 62°40' 63°05' 59°00' 60°00' 0.3 0.3 2.6 96.7 2350 2352 

8 62°40' 63°05' 58°00' 59°00' 4.6 3.4 22.7 69.3 2352 2352 

9 62°40' 63°05' 57°30' 58°00' . 95.3 2 2.7 0 1176 1176 

10 60°00' 61°00' 50°00' 60°00' 0.6 1.2 2.6 95.6 60850 60850 

11 61°00' 63°00' 50°00' 53°00' 0 0 0 0 100 34819 34819 lJ1 
w 

[ 12 58°00' 60°00' 50°00' 58°00' 0 0 0 0 100 101837 101837] * 

13 61°00' 62°00' 57°30' 60°00' 6.6 4.3 20.4 68.8 14417 14740 

14 61°00' 62.°00 ' 56°00' 57°30' 1.5 2.4 28.4 67.4 8843 8843 

15 61 ° 00 ' 62°00' 53°00' 56°00' [1.6 2.8 12.1 73.5 17110 17686 

16 62°00' 63°00' 56°00' 57"30' 14.4 11.1 12.9 61.6 8539 8555 

17 62°00' 63°00' 53°00' 56°00' 2 18 41.8 38.2 17109 17109 

18 63°05' 64°00' 57°30' 60°00' 31.7 5.8 16.5 45.9 5136 12587 

19 63°00' 64°00' 56°00' 57°30' [5.4 3.6 7.2 73.8 6279 8268 

20 63°00' 64°00' 50°00' 56°00' 4.5 1.8 86.1 7.5 30827 33082 

Total for sub-area 48.1 (East) 5.6 3.2 11.6 79.6 218101 226989 

*Subdivision 12 is outside of Subarea 48.1 



Table 3 

Subdivision 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

FAO Subarea 48.1 (west). 

N 

62°00' 

62°20' 

62°40' 

62°40' 

62°20' 

62°00' 

60°00' 

60°00' 

64 ° 00' 

66°00' 

67" 00' 

68°00' 

66°00' 

67°00' 

68°00' 

61 °00' 

62 ° 00' 

63°00' 

61°00' 

63°05' 

65°00' 

64°00' 

64°00' 

65°00' 

66°00' 

64°00' 

64°00' 

Coordinates 

S 

62 °20' 

62°40' 

63°05' 

63°05' 

62°40' 

62°20' 

64°00' 

61 °00' 

66°00' 

67°00' 

68°00' 

69°00' 

67"00' 

68°00' 

69°00' 

62°00' 

63°00' 

64°00' 

62°00' 

64°00' 

66°00' 

65° ",0' 

65":.\0' 

66°00' 

67"00 ' 

65°00' 

65°00' 

E 

60°30' 

60°30' 

60°30' 

60°00' 

60°00' 

W 

61°10' 

61 °10' 

61°10' 

60°30' 

60°30' 

60°00' 60°30' 

64°00' 70°00' 

60°00' 64°00' 

68°00' 

68°00' 

68°00' 

68°00' 

66°00' 

66°00' 

66°00' 

61°10' 

61°10' 

61 ° 10' 

60°00' 

60°00' 

66°00' 

66°00' 

64°00' 

64°00' 

64°00' 

62°00' 

61 ° 00' 

70°00' 

70°00' 

70°00' 

70°00' 

68°00' 

68°00' 

68°00' 

64°00' 

64°00' 

64°00' 

61°10' 

61 ° 10' 

68°00' 

68°00' 

66°00' 

66°00' 

66°00' 

64°00' 

62°00' 

Total Eor sub-area 48.1 West 

% Sea area in depth range (m) 

0-50 50-150 150-250 

o 
o 

o 

o 

2.2 

85.7 

24.7 

7.3 

95.2 

54.1 

o 
o 
0.4 

3.9 

51.8 

19.2 

22.1 

36.6 

53.4 

o 
15.9 

19.2 

o 
22.3 

13.9 

o 
15.3 

42.2 

5.6 

35.9 

33.7 

10.4 

8.7 

7.7 

27.4 

5.5 

2.1 

17 .8 

o 
o 

3.1 

12.7 

6 

23.4 

17.2 

23 

o 
5 

12.9 

o 
5.2 

23 

2.4 

7.2 

42.2 

5.6 

35.9 

33.7 

6.1 

250-500 >500 

44.6 

6.6 

44 

9.6 

2.8 

19 

3.4 

o 
49.2 

67.9 

25 

61.4 

49.7 

37.6 

23.6 

o 
6.8 

36.2 

3.2 

9.2 

50.9 

67.1 

43 

11.2 

16 

18.4 

18.6 

44.6 

o 
3.9 

77 .6 

o 
9.1 

96.6 

100 

50.4 

25.1 

10.5 

13 .5 

4.8 

8.6 

o 
100 

72.3 

31.7 

96.8 

63.3 

12.2 

30.5 

34.5 

4.4 

o 
12.1 

14.2 

64.9 

Area 

Sea 

1284 

964 

1476 

1036 

564 

961 

371299 

24340 

20886 

9226 

6607 

9049 

8110 

2261 

3555 

16703 
15952 

14894 
6877 

5586 

10085 

10637 

10407 

8685 

1196 

6744 

2686 

Total 

1284 

1266 

1565 

1174 

947 

961 

371299 

24340 

20886 

9850 

9456 

9054 

9850 

9456 

9054 

16703 
16159 

15617 
6877 

5874 

10245 

10637 

10637 

10245 

9850 

10637 

5319 

572070 609242 

U1 

"'" 



Table 4 FAO Subarea 48.2. 

--------------- -----
Coordinates % Sea area in depth range (m) Area (lan2 ) ------------------------

Subdivision N S E W 0-50 50-150 150-250 250-500 >500 Sea Total 
-------------------------------------------

73 60 ° 21 ' 60°40' 44°10' 45°00' 10.8 7.8 15.9 65.5 1601 1603 
74 60°40' 61°00' 44°10' 45°00' 27.6 61.4 11 0 1930 2008 
75 60°40' 61°00' 45°00' 46°00' 19 29 52 0 1927 2008 
76 60°40' 61°00' 46°00' 47"00' 11.2 70.8 18 0 2008 2008 
77 60°00' 64°00' 30°00' 50°00' 0 0 0 4.5 95.5 452647 452647 * V1 

V1 
78 57°00' 60°00' 30°00' 50°00' 0 0 0 0 100 387430 387430 
79 60°21' 60°40' 46°00' 47"00' 65 10.7 5 19.3 1919 1926 
80 60°21' 60°40' 45°00' 46°00' 29.2 16 18.1 36.6 1535 1926 

Total for sub-area 0 0.4 0.5 2 97.1 850997 iJ51556 

* Excludes areas 73-76, 79, 80. 



Table 5 FAO Subarea 48.3. 
-.-.-------~-------------

Coordinates 

Subdivision N S E W 

48 50°00' 53°00' 30°00' 46°00' 

49 56°00' 5rOO' 30°00' 46°00' 

50 53°00' 56°00' 40°00' 46°00' 

51 53°00' 56°00' 35°00' 40°00' 

52 53°00' 56°00' 30°00' 35°00' 

53 50°00' 57°00' 46°00' 50°00' 

54 53°40' 54°00' 38°00' 38°50' 

55 53°40' 54°00' 37°00' 38°00' 

56 53°40' 54°00' 36°00' 37 °00' 

57 53°40' 54°00' 35 ° 10' 36°00' 

58 54°00' 54°30' 38°00' 38°50' 

59 54°00' 54°30' 37°00' 38°00' 

60 54°00' 54°30' 36°00' 3rOO' 

61 54°00' 54°30' 35 ° 10' 36°00' 

62 54°30' 55°05' 35 ° 10' 36°00' 

63 54°30' 55°05' 36°00' 37°00' 

64 54°30' 55°05' 37°00' 38°00' 

65 54°30' 55°05' 38°00' 38°50' 

Total for sub-area 

* Excludes area included in 54-65. 

% Sea area in depth range (m) Area 

0-50 50-ISO 150-250 250-500 >500 Sea Total 
--------------------_._-_._--
0 0 0 0 lOO 369297 369297 

0 0 0 0 100 109136 109136 

0.9 1.7 0.7 96.7 344470 344486 

1.9 5.2 1.9 91 70190 70190 * 
0.6 0.9 0.7 97.8 322942 322954 

0 0 0 0 lOO 92322 92322 

1.4 21 40.6 31.6 5.4 2023 2025 

2.1 55.2 24.8 17.9 0 2414 2430 

0 1.8 30.6 56.6 11 2430 2430 

0 0 3.1 12 84.9 2025 2025 

0.7 4.8 92.8 1.7 0 2994 3007 

9.4 34.1 41 15.5 0 2732 3608 

7.6 40.3 31.6 20.6 0 1487 3608 

0 4.1 51.4 18.5 24 3006 1007 

2.6 47.7 25.7 23.9 0.2 3262 3454 

26.9 39.2 20.5 6.3 3347 4144 

0.1 6.4 25.6 36.1 31.8 4141 4144 

0 0 25.6 11.4 63 3454 3454 

----------

0.1 0.8 1.7 0.9 96.6 1341672 1345721 

NOTE: 

A more detailed analysis of 
subdivisions 50, 51, & 52 is 
given in tables 17 & 18. 

U1 
0'\ 



Table 6 FAO Subarea 48.4. 

Coordinates % Sea area in depth range (m) Area (km2 ) 

Subdivision N S E W 0-500 >500 Sea Total 

------
66 56°00' 60°00' 24°00' 29°30' 0.9 99.1 143782 144073 

67 50°00' 53°00' 26°00' 30°00' 0 100 92322 92322 

68 53°00' 56°00' 26°00' 30°00' 0 100 86121 86121 V1 
~ 

69 60°00' 64°00' 24°00' 30°00' 0 100 139235 139235 

70 56°00' 60°00' 29°30' 30°00' 0 100 13097 13097 

71 50°00' 56°00' 20°00' 26°00' 0 100 267758 267758 

72 56°00' 60°00 ' 20°00' 24°00' 0 100 104782 104782 

Total for sub-area 0.1 99.9 847097 847388 



Table 7 FAO Subarea 48.5. 
--- -_.- .-. _. __ . ----. 

Coordinates % Sea area in depth range Cm) Area Ckro2 ) 

Subdivision N S E W 0-500 >500 Sea Total 

81 65°00' 70°00' 50°00' 66°00' 50 50 313029 378286 

82 64°00' 65°00' 50°00' 60°00' 51.6 48.4 49890 53196 
lJl 

83 64 °00' 65°00 ' 30°00' 50°00' 0 100 106396 106396 co 

84 65°00' 70°00' 30°00' 50°00' 0 100 472858 472858 

85 64°00' 78°00 ' 20°00' 30°00' 9.9 90.1 507572 563141 

86 70°00' 78°00' 30°00' 62°00' 15.8 84.2 733571 871718 

Total for sub-area 9.6 90.4 2183316 2445595 



Table 8 FAO Subarea 88. 

Coordinates % Sea area in depth range (m) Area (km2 ) 

Subdivision N S E W 0-50 50-150 150-250 250-500 >500 Sea Total 

87 60°00' 66°00' 70°00' 92°00' 0 0 0 0 100 740541 740541 U1 

88 66°00' 70°00' 70°00' 92°00' 4.6 0.8 10.1 84.4 393266 407327 
~ 

Total for sub-area 88 0 1.7 0.3 3.6 94.4 1133807 1147868 



Table 9 

Subdivision 

2 

3 

I, 

5 

6 

7 

8 

9 

10 

11 

[12 

13 

14 

15 

16 

17 

18 

19 

20 

FAO Subarea 48.1 (East). 

N 

62°00' 

62°00' 

62°00' 

62°20' 

62° 20' 

62°20' 

62°40' 

62° 1,0 ' 

62°40' 

60°00' 

61°00' 

58°00' 

61°00' 

61°00' 

61°00' 

62°00' 

62°00' 

63 ° 05' 

63°00' 

63°00' 

Coordinates 

S 

62°20' 

62°20' 

62°20' 

62°40' 

62°40' 

62°40' 

63°05' 

63°05' 

63°05' 

61°00' 

64°00' 

60°00' 

62°00' 

62°00' 

62°00' 

63°00' 

63°00' 

64°00' 

.64 °00' 

64°00' 

E 

59°30' 

58°30' 

57°30' 

57"30' 

58°30' 

59°30' 

59°00' 

58°00' 

57°30' 

50°00' 

50°00' 

50°00' 

57°30' 

56°00' 

53°00' 

56 ° 00' 

.53°00' 

57°30' 

56°00' 

53°00' 

w 

60°00' 

59° 30' 

58°30' 

58°30' 

59°30' 

60°00' 

60°00' 

59°00' 

58°00' 

60°00' 

53°00' 

58°00' 

60°00' 

57°30' 

56 ° 00' 

57" 30' 

56°00' 

60°00' 

57" 30' 

56°00' 

Total for sub-area 48.1 (East) 

0-150 

2.2 

91.6 

27.6 

o 
9.5 

63.3 

0.3 

1,.6 

95.3 

0.6 

o 
o 
6.6 

1.5 

11.6 

14.1, 

2 

31.7 

15.1, 

4.6 

5.6 

* Subdivision 12 is outside of Subarea 48.1 

% Sea area in depth range (m) 

0-250 

10.8 

94.5 

31, 

o 
12.2 

71.9 

0.7 

R 

97.3 

1.8 

o 
o 

10.8 

3.8 

14.1, 

25.5 

20 

37.6 

19 

6.4 

8.8 

0-500 

55.4 

98.2 

46 

o 
15.5 

81.6 

3.3 

30.7 

100 

4.4 

o 
o 

31.2 

32.2 

26.5 

38. f , 

61.8 

54.1 

26.2 

92 .5 

20.4 

>50 

100 

100 

100 

100 

100 

100 

100 

lOO 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

>150 

97.8 

8.4 

72 .4 

lOO 

90.5 

36.7 

99.7 

95.1, 

4.7 

99.4 

100 

100 

93.4 

98.5 

88.4 

85.6 

98 

68.3 

81,.6 

95.1, 

94.6 

>250 

89.2 

5.5 

66 

lOO 

87.8 

28.1 

99.3 

92 

2.7 

98.2 

100 

100 

89.2 

96.2 

85.6 

74.5 

80 

62.4 

81 

93.6 

91.5 

>500 

44.6 

1.8 

54 

100 

84.5 

18.4 

96.7 

69.3 

o 
95.6 

100 

100 

68.8 

67.8 

73.5 

61.6 

78.2 

45.9 

73.8 

7.5 

80.3 

Total Sea 

area (km2) 

956 

1359 

1500 

1898 

1809 

772 

2350 

2152 

1176 

60850 

34819 

101837]* 

14417 

8843 

17110 

8539 

17109 

12587 

6279 

30827 

218101 

CYI 
o 



Table 10 

Subdivision 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

FAO Subarea 48.1 (west). 

62 '00' 

62'20 ' 

62'40 ' 

62'40 ' 

62 '20' 

62 '20' 

60'00 ' 

60'00 ' 

64 '00' 

66'00 ' 

61'00' 

68 '00' 

66'00 ' 

67 '00' 

68 '00' 

61 '00' 

62 '00' 

63'00 ' 

61 '00' 

63'05 ' 

65'00 ' 

64 '00' 

64 '00' 

65'00 ' 

66'00 ' 

64 °00 I 

64 '00' 

Coordina tes 

62 °20 I 

62'40 ' 

63 '05' 

63'05 ' 

62'40' 

62'20 ' 

64 '00' 

61 '00' 

66'00 ' 

67 '00' 

68'00 ' 

69'00 ' 

67'00 ' 

68'00 ' 

69'00 ' 

62'00 ' 

63'00 ' 

64'00' 

62'00 ' 

64 '00' 

66°00 ' 

65'00 ' 

65°00' 

66'00 ' 

67'00 ' 

65'00 ' 

65 '00' 

60'30 ' 

60'30 ' 

60' 30' 

W'OO' 

W'OO' 

W'OO' 

64 '00' 

W'OO' 

68°00' 

80'00' 

68'00 ' 

68 '00' 

66'00 ' 

66'00 ' 

66'00 ' 

61' 10' 

61010 I 

61' 10' 

60'00 ' 

60uOn I 

66'00 ' 

66'00 ' 

64 '00' 

64°00' 

64 °00' 

62'00 ' 

61 '00' 

w 

61' 10' 

61' 10' 

61' 10' 

60'30 ' 

60' 30' 

60' 30' 

70'00 ' 

64 '00' 

70'00 ' 

70'00 ' 

70'00 ' 

70'00 ' 

68 '00' 

68'00 ' 

68 '00' 

64 '00' 

64 '00' 

64 '00' 

61' I 0' 

61 0 lO 1 

68'00' 

68'00 ' 

68'00 ' 

66'00 ' 

66'00 ' 

64 °00 I 

62 '00' 

Total for sub-area 48.1 (West) 

0-150 

2.2 

85.7 

24.7 

7.3 

95.2 

54.1 

0.4 

3.9 

5],8 

19.2 

22.1 

36.6 

53.4 

15.9 

19.2 

o 
22.3 

13.9 

15.3 

42.2 

5.6 

35.9 

33.7 

10.0 

% Sea area in depth range Cm) 

0-250 0-500 

10.8 

93.4 

52.1 

12.9 

g7.2 

7],9 

() .4 

64.5 

25.2 

45.5 

53.8 

76.4 

20.9 

32.1 

27.5 

37 

2.4 

22.5 

84.4 

11.2 

7].9 

67.4 

15.4 

55.4 

100 

96 .1 

22.4 

100 

90.9 

'3.4 

1,9.6 

74.9 

89.5 

86.5 

45.2 

9],4 

100 

27.7 

68.3 

3.2 

36.7 

87.8 

69.5 

65.5 

95.6 

12.1 

87.9 

85.8 

33.B 

)50 

100 

100 

100 

100 

100 

100 

100 

lOO 

100 

100 

lOO 

lOO 

lOO 

lOO 

100 

100 

100 

100 

lOO 

100 

100 

100 

lOO 

100 

100 

lOO 

100 

lOO 

)150 

97.8 

14.3 

75.3 

92.4 

4.8 

45.9 

lOO 

100 

96.6 

96.1 

48.2 

80.8 

77 .9 

63.4 

46.6 

lOO 

84.1 

80.8 

lOO 

77 .7 

86.1 

lOO 

84.7 

57.8 

94.4 

64.1 

66.3 

90 

)250 

89.2 

6.6 

47.9 

87.1 

2.8 

28.1 

100 

lOO 

96.6 

93 

35.5 

74.8 

54.5 

46.2 

23.6 

100 

79.1 

67.9 

lOO 

72 .5 

6'1 

97.6 

77 .5 

15.6 

88.8 

28.1 

32 .6 

84.1 

)500 

44.6 

3.9 

77 .6 

9.1 

96 .6 

lOO 

50.4 

25.1 

10.5 

13 .5 

4.8 

8.6 

100 

72.3 

3],7 

96 .B 

63.3 

12.2 

30.5 

34.5 

4.4 

87.9 

12.1 

14.2 

66.2 

To tal Sea 

~rea (Iu/; 

1284 

964 

1476 

1036 

564 

961 

371299 

24340 

208B6 

9226 

6607 

9049 

8110 

2261 

3555 

16703 

16159 

15617 
6877 

5586 

10085 

10637 

10407 

8685 

1196 

6744 

5319 

575633 

0'1 
f-' 



Table 11 FAO Subarea 48.2. 

Coordinates % Sea area in depth range Cm) Total Sea 

Subdivision N S E W 0-150 0-250 0-500 >50 >150 >250 >500 area Clan2 ) 

73 60°21' 60°40' 44 ° 10' 45°00' 10.8 18.6 34.5 100 89.2 81.4 65.5 1601 

74 60°40' 61°00' 44°10' 45°00' 27.6 89 100 100 72.4 11 0 1930 

75 60°40' 61°00' 45°00' 46°00' 19 48 100 100 81 52 0 1927 

76 60°40' 61°00' 46°00' 47 °00' 11.2 82 100 100 88.8 18 0 2008 

77 60°00' 64°00' 30°00' 50°00' 0 0 4.5 100 100 100 95.5 452647* 

78 57"00' 60°00' 30°00' 50°00' 0 0 0 100 100 100 100 387430 (l\ 
IV 

79 60° 21' 60°40' 46°00' 47"00' 65 75.7 80.7 100 35 211.3 19.3 1919 

80 60°21' 60°40' 45°00' 46°00' 29.2 45.2 63.4 100 70.8 54.8 36.6 1535 

Total for sub-area 48.2.3 0.4 0.8 2.9 100 99.6 99.2 97.1 850997 

Excludes areas 73-76, 79-80 



Table 12 

Subdivision 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

FAO Subarea 48.3. 

Coordinates 

N 

50°00' 

56°00' 

53°00' 

53°00' 

53°00' 

50°00' 

54°00' 

53°40' 

53°40' 

53°40' 

54°00' 

54°00' 

54°00' 

54°00' 

54°30' 

54°30' 

54°30' 

54°30' 

s 

53 ° 00' 

57"00 ' 

56 ° 00' 

56°00' 

56°00' 

53°00' 

54°00' 

54°00' 

54°00' 

54°00' 

54°30' 

54°30' 

54°30' 

54°30' 

55°05' 

55°05' 

55°05' 

55°05' 

E 

30°00' 

30°00' 

40°00' 

35°00' 

30°00' 

46°00' 

38°00' 

37°00' 

36°00' 

35°10' 

38°00' 

37"00' 

36°00' 

35°10' 

35°10' 

36°00' 

37"00' 

38 ° 00' 

Total for sub-area 48.2.1 

* Excludes area included in 54-65 

w 

46°00' 

46°00' 

46°00' 

40°00' 

35°00' 

50°00' 

38°50' 

38°00' 

37°00' 

36°00' 

38°50' 

38°00' 

37" 00' 

36°00' 

36°00' 

37°00' 

38°00' 

38°50' 

0-150 

o 
o 
0.9 

1.9 

0.6 

o 
22.4 

57.if 

1.8 

o 
5.5 

43.5 

47.9 

4.2 

50.3 

34 

6.4 

o 

1.0 

% Sea area in depth range (m) 

0-250 

o 
o 
2.6 

7.1 

1.5 

o 
63 

82.1 

32.4 

3.1 

98.3 

84.5 

79.4 

57.6 

76 

73 .2 

32 

25.6 

2.8 

0-500 

o 
o 
3.3 

9 

2.2 

o 
94.6 

100 

89 

15.1 

100 

100 

100 

76 

99.8 

93.7 

68.2 

37 

3.8 

>50 >150 

100 100 

100 100 

100 99.1 

100 98.1 

100 99.4 

100 100 

98.6 77.6 

100 97.9 

100 98.2 

100 100 

99.3 94.5 

90.6 56.6 

92.4 52.1 

100 95.8 

97.4 

93 

99.9 

100 

99.9 

49.7 

66 

93.6 

100 

99.0 

>250 

100 

100 

96.4 

92 .9 

98.5 

10C 

87 

42.6 

67.6 

96.9 

1.7 

15.5 

20.6 

42.4 

24 

26.8 

68 

74.4 

97.2 

>500 

100 

100 

96.7 

91 

97.8 

100 

5.4 

17.9 

11 

84.9 

o 
o 
o 

24 

0.2 

6.3 

31.8 

63 

96.2 

Total Sea 

;rea-(km2 ) 

369297 

109136 

344470 

70190* 

322942 

92322 

2023 

2414 

2430 

2025 

2994 

2732 

1487 

3006 

3262 

3347 

4141 

3454 

1341672 

(l"\ 
w 



Table 13 FAO Subarea 48.4. 

--------
Coordinates % Sea area in depth range (m) Total sea 

----- ------.~-----.--.-.-.---~--.--------.----- --_._-----"-"-
Subdivision N S E W 0-500 )500 area ( 
-----------.-~--.------------------ _ .. _---_._------ --"-- -- _._._------ ------. 

66 56°00' 60°00' 24°00' 29°30' 0.9 99.1 143782 

67 50°00' 53°00' 26 °00' 30°00' 0 lOO 92322 0\ 

68 53°00' 56°00' 26°00' 30°00' 0 lOO 86121 "'" 
69 60°00' 64°00' 24°00' 30°00' 0 lOO 139235 

70 56°00' 60°00' 29°30' 30°00' 0 100 13097 

71 50°00' 56°00' 20°00' 26°00' 0 lOO 267758 

72 56°00' 60°00' 20°00' 24°00' 0 100 104782 

--------------_._._-----------_._-
Total for sub-area 48.2.2 0.1 99.9 847097 



Table 14 FAO Subarea 48.5. 

Coordinates % Sea area in depth range Cm) Total Sea 

Subdivision N S E W 0-150 0-250 0-500 )50 )150 )250 )500 area Ckm2) 

81 65°00' 70°00' 50°00' 66°00' 50 50 50 313029 
82 64°00' 65 °00' 50°00' 60°00' 48.4 45.4 49890 
83 64°00' 65°00' 30°00' 50°00' 100 106396 
8l, 65°00' 70°00' 30°00' 50°00' 100 472858 0'1 

(J1 

85 64°00' 78°00' 20°00' 30°00' 0 9.9 100 90.1 507572 
86 70°00' 78°00' 30°00' 62°00' 15.8 84.2 733571 

Total for sub-area 48.3 9.6 100 90.4 2183316 



Table 15 FAO Subarea 88. 

Coordinates % Sea area in depth range (m) Total Sea 
----

Subdivision N S E W 0-150 0-250 0-500 >50 >150 >250 >500 area (!ani) 
O'l 
O'l 

87 60°00' 66°00' 70°00' 92° 00' 0 0 0 100 100 100 100 740541 

88 66°00' 70°00' 70°00' 92 °00' 4.6 5.5 15.6 100 95.4 94.5 84.4 393266 

Total for sub-area 88 1.7 2.0 5.6 lOO 98.3 96.3 9L, .4 1133807 



Table 16 UK Admiralty Charts used to estimate the areas of seabed. 

Chart S'ubdi vision Reference Numbers 

Number Title sub-area sub-area sub-area sub-area sub-area sub-area 
48.1 48.2 48.3 48.4 48.5 88 

1775 South Orkney Islands 73-76,79,80 

1776 Livingston Island to 1-9,21-26 
King George Island 

3175 Approaches to 10,11 ,27-29 77 81-83 85,86 
Graham Land 

3200 Falkland Islands to 12-20 78 53 69-72 ()'\ 

Graham Land --J 

3205 South Shetland Islands 36-40 
and Bransfield Strait 

3570 Brabant Island to 41-47 
Adelaide Island 

3571 Lavoisier Island to 30-35 
Alexander Island 

3593 South Sandwich Islands 66 

3596 Approaches to South 48-52 67,68 
Georgia 

3597 South Georgia 54-65 

3176 Weddell Sea 84 



Table 17 Detail analysis of Subdivisions 50, 51 and 52 in FAO Subarea 
48.3 (Data derived from "Bathymetric Chart of the Approaches to 
South Georgia" Edition 1. Compiled by R.B. Heywood and L.S. 
AlIen, British Antarctic Survey. BAS (Mise) 4 Edition 1 1984). 

-. 

Boundary % Sea Area in Depth Range 

Lat (oS) Long CoW) 

Subdi vis ion N S E W 0-50 50-150 150-250 250-500 

* 50 53°00' 56°00' 40°00' 46 °00 , 0 0 0 0 

53°00 54°00' ° 89 40 00' 43°00 0.7 5.6 11.0 7.2 

5 I 55°40' 56°00' 34 °00 , 40°00' 0 0 0 0 

52 53°00' 56°00' 30°00 ' 34 ° 00 , 0 0 0 0 

90 53°00' 53°40' 38°50 ' 40°00' 0 0 0 0 

9 I 53°00' 53°40' 38°00' 38°50' 0 0 2.4 0.9 

92 53°00' 53°40' 37°00' 38°00' 0 0 2.9 4.8 

93 53°00 ' 53°40' 36°00' 37°00' 0 0 2.5 3.5 

94 53°00 ' 53°40' 35°10' 36°00' 0 0 0 0 

95 53°00' 53°40' 34°10' 35°10' 0 0 0 0 

96 53°40' 54 ° 30 , 38° 50' 40°00' 0 0.5 35.3 15.1 

97 54°30' 55 ° 05 ' 38°50' 40°00' 0 0 0 0.5 

98 53°40' 54°30' :)4°00 ' 35° 10' 0 0 0 0 

99 54°30' 55°05' 34°00' 35°10' 1.4 10.0 11.5 13.5 

100 55°05' 55°40' 38°50' 40°00' 0 0 0 0 

10 I 55°05' 55°40' 38°00 ' 38°50' 0 0 0 0 

102 55°05' 55°40' 37°00' 38°00' 0 0 0 0 

103 55°05' 55°40' 36°00' 37°00' 0 0 7.8 3.0 

104 55°05' 55°40' 35°10' 36°00' 0 17.5 40.8 18.3 

105 55°05' 55°1,0 ' 34 °00 , 35°10' 0 5.7 13.0 5.4 

-

> 500 

100 
74.1 

100 

100 

100 

96.7 

92.3 

94.0 

100 

100 

49. I 

99.5 

100 

63.6 

100 

100 

100 

89.2 

23.4 

75.9 

Area (km2) 

Se" Total 

.122193 322193 
22286 22293 

13809 13809 

85940 85940 

5780 5780 

4128 4128 

4954 4954 

4954 4954 

4128 4128 

5780 5780 

7157 7157 

4904 4904 

7157 71 57 

4896 4904 

4814 4814 

3439 3439 

4126 4126 

4126 4126 

3439 3439 

4814 4814 

.-

G'I 
00 



Table 18 Detail analysis of Subdivisions 50, 51 and 52 in FAO Subarea 
48.3. (Data derived from "Bathymetric Chart of the Approaches 
to South Georgia" Edition 1. Compiled by R.B. Heywood and L.S. 
AlIen, British Antarctic Survey. BAS (Misc) 4 Edition 1 1984). 

Boundary % Sea Area in Depth Range 

Lat (oS) Long CoW) 

Subdivision N S E W 0-150 0-250 0-500 )50 )150 

* 50 53°00' 56°00' 40°00' 46°00' 0 0 0 100 100 
89 53°00' 54°00' 40°00' 43°00' 6.3 17.3 24.6 98.0 92.4 
51 55°40' 56°00' 34°00' 40°00' 0 0 0 100 lOO 
52 53°00' ° 56 00' 30°00' 34°00' 0 0 0 lOO lOO 
90 53°00' 53°40' 38°50' 40°00' 0 0 0 lOO lOO 
91 53°00' 53°40' 38°00' 38°50' 0 2.4 3.3 lOO lOO 

92 53°00' 53°40' 37°00' 38°00' 0 2.9 7.6 lOO lOO 
53°00' 53°40' 36°00' 37°00 

, 
93 0 2.6 6.0 lOO lOO 

94 53°00' 53° 40' 35°10' 36°00' 0 0 0 lOO lOO 

95 53°00' 54°40' 34°10' 35°10' 0 0 0 100 lOO 
53°40' 54°30' 38°50' 40°00 

, 
99.6 96 0.5 35.7 50.8 lOO 

97 54°30' 55°05' 38°50' 40°00' 0 0 0.5 lOO lOO 

98 53°40' 54°30' 34°00' 35°10' 0 0 0 lOO lOO 
54°30' 55°05 

, 
34°00' 35°10' 11.4 22.9 36.9 98.6 88.6 99 

lOO 55°05' 55°40' 38°50' 40°00' 0 0 0 lOO lOO 
101 55°05' 55°40' 38°00' 38°50' 0 0 0 lOO lOO 
102 55°05' 55°40' ,37°00 ' 38°00 ' 0 0 0 lOO lOO 
103 55°05' 55°40' 36°00' 37°00' 0 7.8 10.8 lOO lOO 
104 55°05 ' 55°40' 35°10' 36°00' 17.5 58.3 76.6 lOO 82.5 

105 55°05' 55°40' 34°00' 35°10' 5.7 18.7 24. I lOO 94.3 
--

)250 >500 

100 100 

81.4 74.1 

lOO lOO 

lOO lOO 

lOO 100 

97.6 96.7 

97.1 92 .4 

97.5 94.0 

100 lOO 

lOO lOO 

64.3 49.2 

lOO 99.5 

lOO 100 

77 .1 63.6 

lOO lOO 

100 lOO 

lOO lOO 

92.2 89.2 
41.7 23.4 

81.3 75.9 

Area (km
2 

Total Sea 

322193 

22286 

13809 

85940 

5780 

4128 
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SC-CAMLR-vr/BG/31 

Leqendes des tableaux 

Recapitulation des zones de fond marin au sein d'echelles 
de profondeur specifiees. L'absence de chiffre indique que 
la zone a ete incorporee dans l'echelle de plus grande 
profondeur voisine. 

Sous-zone FAO 48.1 (Est). 

Sous-zone FAO 48.1 (Ouest). 

Sous-zone FAO 48.2. 

Sous-zone FAO 48.3. 

Sous-zone FAO 48.4. 

Sous-zone FAO 48.5. 

Sous-zone FAO 88. 

Sous-zone FAO 48.1 (Est). 

Sous-zone FAO 48.1 (Ouest). 

Sous-zone FAO 48.2. 

Sous-zone FAO 48.3. 

Sous-zone FAO 48.4. 

Sous-zone FAO 48.5. 

Sous-zone FAO 88. 

Cartes de la marine du Royaurne-uni utilisees pour estimer 
les zones de fond marin. 

Analyse detaillee des subdivisions 50, 51 et 52 dans la 
sous-zone FAO 48.3 (Donnees tirees de "Bathymetric Chart of 
the Approches to South Georgia" Edition 1. Compilees par 
R.B. Heywood et L.S. AlIen, British Antarctic Survey. BAS 
(Mise) 4 Edition 1 1984). 

Analyse detaillee des subdivisions 50, 51 et 52 dans la 
sous-zone FAO 48.3. (Donnees tirees de "Bathyrnetric Chart 
of the Approaches to South Georgia" Edition 1. Gompilees 
par R.B. Heywood et L.S. AlIen, British Antarctic Survey. 
BAS (Mise) 4 Edition 1 1984). 

Leqende de la figure 

Sous-zones designees par la FAO dans le sud-ouest de 
l'ocean Atlantique. 
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Encabezamientos de las Tablas 

Resumen de las areas del lecho marine entre rangos de 
profundidad especificados. Donde no figura ningLtn nllinero, 
el area ha sido incorporada al rango que le sigue en 
profundidad. 

Subarea FAO 48.1 (Este) . 

Subarea FAO 48.1 (Oeste). 

Subarea FAO 48.2. 

Subarea FAO 48.3. 

Subarea FAO 48.4. 

Subarea FAO 48.5. 

Subarea FAO 88. 

Subarea FAO 48.1 (Este) . 

Subarea FAO 48.1 (Oeste). 

Subarea FAO 48.2. 

Subarea FAO 48.3. 

Subarea FAO 48.4. 

Subarea FAO 48.5. 

Subarea FAO 88. 

Cartas de Almirantazgo del RU utilizadas para estimar las 
areas del lecho marino. 

Analisis detallado de las subdivisiones 50, 51 Y 52 en la 
Subarea FAO 48.3 (Datos sacados de "Bathymetric Chart of 
the Approaches to South Georgia" Edicion 1. compilado p~r 
R.B. Heywood y L.S. AlIen, Prospeccion Antartica 
Britanica. BAS (Misc) 4 Edicion 1 1984). 

Analisis detallado de 1as subdivisiones 50, 51 Y 52 en la 
Subarea FAO 48.3 (Datos sacados de "Bathymetric Chart of 
the Approaches to South Georgia" Edicion 1. Compilado p~r 
R.B. Heywood y L.S. AlIen, Prospeccion Antartica 
Britanica. BAS (Misc) 4 Edicion 1 1984). 

Leyenda de la Figura 

Subareas designadas p~r la FAO en e1 Oceano Atlantico 
sudoccidental. 
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3aronOBKH K Ta6nHyaM 

Ta6nHQa 1 CBoAKa AaHHhlX no paioHaM MopCKoro AHa B npeAenax 
BblAeneHHblX AHana30HOB rny6HH. EcnH B rpa<pe HeT 
QH<PPhl, TO BTO 3HaqHT, qTO paiOH BKn~qeH B 
cneAYIDmHi no rny6HHe AHana30H. 

Ta6nHQa 2 nOApaioH <t>AO 48.1 (BoCTOqHaH qaCTb). 

Ta6nHQa 3 nOApaioH <t>AO 48.1 (3anaAHaH qaCTb). 

Ta6nHQa 4 nOApaioH <t>AO 48.2. 

Ta6nHQa 5 nOApaioH <t>AO 48.3. 

Ta6nHQa 6 nOApaioH <t>AO 48.4. 

Ta6nHQa 7 nOApaioH <t>AO 48.5. 

Ta6nHQa 8 nOApaioH <t>AO 88. 

Ta6nHQa 9 nOApaioH <t>AO 48.1 (BoCTOqHaH qaCTb). 

Ta6nHQa 10 nOApaioH <t>AO 48.1 (3anaAHaH qaCTb). 

Ta6nHQa 11 nOApaioH <t>AO 48.2. 

Ta6nHQa 12 nOApaioH <t>AO 48.3. 

Ta6nHQa 13 nOApaioH <t>AO 48.4. 

Ta6nHQa 14 nOApaioH <t>AO 48.5. 

Ta6nHQa 15 nOApaioH <t>AO 88. 

Ta6nHQa 16 KapThl AAMHpanTeicTBa CoeAHHeHHoro KoponeBcTBa, 
Hcnonb30BaBlliHeCH npH OQeHKe nno~aAu yqaCTKOB 
MopCKoro AHa. 

Ta6nuQa 17 nOAPo6Hoe paCCMOTpeHue nOAyqaCTKOB 50, 51 U 52 
'noApaioHa <t>AO 48.3. (,[{aHHble B 3HTbl U3 "Bathyrnetric 
Chart of the Approaches to South Georgia", l-e u3A. 
CocTaBneHo P. E. XeiBYAoM H ~. C. AnneHoM, 
EpuTaHcKoe ynpaBneHue aHTapKTUqeCKOi CbeMKU. BAS 
(Mise) 4 Edition 1 1984). 

Ta6nuQa 18 nOAPo6Hoe paccMoTpeHHe nOAyqaCTKOB 50, 51 U 52 
nOApaHoHa <t>AO 48.3. (,[{aHHble B3HTbl H3 "Bathyrnetric 
Chart of the Approaches to South Georgia", l-e, u3A. 
CocTaBneHo P. E. XeHBYAoM H ~. C. AnneHoM, 
EpuTaHcKoe ynpaBneHHe aHTapKTUqeCKOi CbeMKU. BAS 
(Mise) 4 Edition 1 1984). 

PUCYHOK 1 

nonnUCb K pUCYHKY 

YCTaHOBneHHble <t>AO nOApaHoHbl B ~ro-3anaAHoH qaCTH 
ATnaHTUqeCKOrO OKeaHa. 
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SC-CAMLR-VI/BG/16 

BRIEF REPORT OF THE JOINT SOVIET-AUSTRALIAN EXPEDITION OF THE USSR FRV 
PROFESSOR MESYATSEV TO THE AUSTRALIAN FISHING ZONE AROUND THE TERRITORY OF 
HEARD AND MCDONALD ISLANDS, MAY-AUGUST, 1987 

V.V. Gherasimchook, V.N.- Brodin, A.V. Kljausov, 
LB. Russelo, P.V. Tishkov and N.B. Zaremba 
(USSR) 

Abstract 

The results of the first joint Soviet-Australian 
expedition to the AFZ around Heard and McDonald Islands 
are briefly reported. Environmental conditions of the 
shelf area of Heard were favourable for the formation of 
commercial aggregations of Cham~socephalus gunnari 
during the austral winter. Sta ility of the aggregation 
is discussed in relation to the environmental 
conditions. The unique character of Heard's population 
of C. ~ari was determined according to a number of 
biolog~ and morphological parameters. A preliminary 
stock assessment of the detected aggregation of 
C. gunnari is given. 

Le compte rendu des resultats de la premiere expedition 
conjointe URSS-Australie dans la zone de peche 
australienne aux alentours du territoire des iles Heard 
et McDonald est brievement presente. Les conditions du 
milieu sur le plateau continental de Heard etaient 
favorables a la formation de concentrations commerciales 
de Champsocephalus qunnari durant l'hiver austral. La 
stabilite de la concentration est examinee par rapport 
aux conditions du milieu. Le caractere unique de la 
population de C. qunnari a Heard a ete determine d'apres 
un certain nombre de parametres biologiques et 
morphologiques. Une evaluation preliminaire du stock de 
la concentration detectee de C. qunnari est donnee. 

Resumen 

Se informa brevemente sobre los resultados de la primera 
expedicion conjunta sovietico-australiana a la Zona 
Pesquera Australiana alrededor de las islas Heard y 
MacDonald. Las condiciones del medio ambiente del area 
de la plataforma de Heard fueron favorables para la 
formacion de concentraciones comerciales de 
Champsocephalus qunnari durante el invierno austral. Se 
trata la estabilidad de la concentracion en relacion a 
las condiciones del medio ambiente. El caracter unico 
de la poblacion de C. qunnari de Heard fue determinado 
de acuerdo a un numero de parametros biologicos y 
morfologicos. Se presenta una evaluacion de reserva 
preliminar de la concentracion de C. qunnari que fuera 
detectada. 
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Pe310Me 

KpaTKO J.l3JIaraIOTCH pe3YJIbTaTbl nepBOH COBMeCTHOH 
COBeTCKO-aBCTpaJIJ.lHCKOH 3KCneAJ.lllJ.lJ.l B Pbl60JIOBHYIO 
30HY ABCTpaJIJ.IJ.I BOKPyr OCTPOBOB XePA J.I 
MaKAOHaJIbA. YCJIOBJ.lH cpeAbl Ha lIIeJIbq,e OCTpOBa 
XePA 6blJIJ.I 6JIarOnpJ.lHTHbl AJIH 06pa30BaHJ.lH 
npOMblCJIOBblX CKOnJIeHJ.lH lI\YKOBJ.lAHOH 6eJIOKpOBKJ.I 
(JIeAHHOH fYHHapa) 3J.1MOH ~Horo nOJIYlllapJ.lH. 
06cymAaeTcH cTa6J.1JIbHOCTb CKOnJIeHJ.lH lI\YKOBJ.lAHOH 
6eJIOKpOBKJ.I B CBH3J.1 C YCJIOBJ.lHMJ.I cpeAhl. nOKa3aHO 
cBoe06pa3J.1e nonYJIHllJ.lJ.l lI\YKOBJ.lAHOH 6eJIOKpOBKJ.I 
o.XepA no PHAY 6J.1oJIOrJ.lqeCKJ.lX J.I Mopq,OJIOrJ.lqeCKJ.lX 
napaMeTpoB. ~aHa npeABapJ.lTeJIbHaH olleHKa 
BeJIJ.lqJ.lHbl 6J.10MaCCbl 06HapymeHHoro CKOrIJIeHJ.lH 
lI\YKOBJ.lAHOH 6eJIOKpoBKJ.I. 
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BRIEF REPORT OF THE JOINT SOVIET-AUSTRALIAN 
EXPEDITION OF THE USSR FRV PROFESSOR MESYATSEV 

TO THE AUSTRALIAN FISHING ZONE AROUND THE TERRITORY 

OF HEARD AND MCDONALD ISLANDS, MAY-AUGUST, 1987 

Annotation 

This is a brief report on the outcome of the investigations in the 

Australian Fishing Zone around Heard and McDonald Islands; its purpose is 
to present concisely the results and a preliminary analysis of these 

results in order to facilitate planning and coordination of the research to 

be conducted during the next phase of the program. 

AS agreed in the conditions of the joint research, a full report on the 

research will be forwarded as soon as possible to the Australian contact 

through diplomatic channels. The Australian observer onboard the 

Professor Mesyatsev has obtained, as was agreed, copies of all the raw data 

resulting from the research. 

INTRODUCTION 

The Australian Commonwealth and the USSR have shown mutual 

interest in studying the fish stocks of the Australian Fishing Zone around 

the territory of Heard and McDonald Islands by sending to this area the 

USSR SRV Professor Mesyatsev during the austral winter of 1987. Research 

within the Australian waters was carried out during two periods : the first 
from 10 May until 27 June and the second from 24 July until 2 August. The 

Soviet Union was represented by 12 scientists, and Australia, by one 

observer. 

The research program to be conducted in Australian waters was 

designed and proposed by Soviet scientists and totally agreed to by the 
Australian side provided a number of operational procedures were adhered 

to. 
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Soviet scientists believe that before rational management 

decisions about fish stocks can be made an assessment not only of the 
abundance of the objects of fishing but also the oceanological conditions 

which the fish inhabit must be studied in detail. The research program was 

therefore designed to investigate and assess the fish stocks of the 

Australian Fishing Zone and to simultaneously conduct a comprehensive study 

of the oceanological condition of the area. Where accumulations of fish 
were encountered an intensive study of the oceanological conditions was to 

be made. The research included hydrographic, geologic, oceanographic, 

hydrobiological (plankton) and ichthyological investigations. 
Ichthyological investigations included acoustic and trawling surveys, 

followed by a detailed biological analysis of the catches. 

General Outline of Research Conducted during the Expedition: 

1. Acoustic survey of the sea-bed and an investigation of the 

acoustic dispersing layers in the water column. 

2. Complex oceanological studies were conducted at 83 stations. 

At these stations, samples were taken from the water column to 

determine salinity, dissolved oxygen, phosphates and silicic 

acid. water temperature was also measured. Additional water 

samples were taken so that phytoplankton and suspended 

sediments could be studied. At a further 37 stations 
hydrological studies were carried out. 

The methods used in the above determination were described in 

detail in the research proposal submitted to the Australian 

side by the USSR, and will only be briefly mentioned in this 

report. 

water samples were taken using Nansen water bottles (BM-48), 

salinity was determined using a Yeokal salinometer 601 Mark 

Ill. Phosphates and silicic acid were determined using a 
photoelectric calorimeter with microprocessor KPhK-2MP. 
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zooplankton samples were taken from various strata in the 

water column using closing conically reverse JOM and Juday 

nets. Macroplankton was collected from selected horizons in 

the water column using a towed BMS-3 net (closing model). 

Ichthyoplankton collections were made with a drifting PNS-1 

net. 

3. The bottom was sampled at some shallower stations using a grab 

(Ocean 50) and a core sampling tube. 

4. Midwater and Bottom trawls were carried out to study the fish 

of the shelf and sea mount areas. 

Trawls used were: Bottom Trawl 39.6/41.7 and midwater trawl 

70/370. (Detailed plans of the nets and cod ends used were 

made available to and copied by the Australian observer). 

A detailed analysis of a sample from each catch was carried 

out. Analysis included: 

I 

a) measurement of standard length/total length 

b) determination of weight 

c) collection of otoliths and scales for, age determination 

d) determination of sex and sexual maturity 

e) description of stomach contents and degree of fullness of 
stomach 

f) state of digestion of food items 

g) state of fatness. 

A total of 805 fish representing seven species were tagged and 
released. 

5. Observations of the distribution and abundance of sea birds 

and marine mammals were conducted. 
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RESULTS 

The main results of the expedition are briefly reported below, 

taking into account the suggestions made by the Australian observer (Mr P. 

Ensor) that in this brief report, emphasis should be placed on the outcome 

of the ichthyological studies. 

NOTE : the method of calculating the estimate of fish stocks is 

given in detail. Charts and figures are not attached to this report but 
were copied by the Australian observer and will be available to the 

Australian side. A detailed chart resulting from the hydrographic surveys 

will be forwarded as part of the full report on the cruise. 

I. Hydrographic and Geological Investigations 

The upper surface of the Kerguelen Ridge to the north of Heard 

Island, within the AFZ, presents itself as a plateau incorporating the 
shelf of Heard Island and a number of submarine mountains in the form of 

truncated cones or greatly dissected sea mountains evidently of volcanic 

origin. 

The above mentioned sea mountains are situated to the north and 

west of Heard Island and are orientated for the most part E-W and N-S. The 

sea mountains (Banks) have the following names: 

1. Youznays (Southern) 

2. Shrednaya (Middle) 

3 .. zapadnaya (Western) 

4. Shootchaya (Pike) 

5. vostochnaya (Eastern) 

and further to the east 

6. Novaya (New) 

According to our hydrographic survey Bank 3 is almost entirely in 

the French Fishing Zone, with the exception of the Southern slope and it is 

located further to the west than the previously charted position. 
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Bank 4 also appeared to be shifted to the NW and the border 

between the AFZ and the French FZ divides it in half. The other Banks are 

situated within the AFZ and their precise positions were charted during the 

cruise. 

The fishing ground to the east of Heard Island is an extrusion of 

the morphologic, tectonic block forming the shelf of Heard Island. The 
west side of the fishing ground is bordered by a submarine valley and the 

slope into the valley is steep and dissected. On the eastern side of the 

border of the fishing ground is a broad basis with gentle slopes. 

The relief of the tops of the Banks 1-5 and that of the fishing 

ground are considered suitable for bottom trawling. The relief of Bank 6 

is not very suitable for bottom trawling and the echo sounder must be 

constantly monitored during trawls. 

11. Oceanographic Investigations 

Results obtained during the course of these investigations must be 

analysed more thoroughly because some conclusions are ambiguous, but it is 

possible to make some preliminary conclusions. 

1. The thermohaline and hydrochemical structure of the waters of 

the investigated area are determined to a considerable degree 

by the location of the Antarctic convergence and the main 
stream of the circumpolar Antarctic current. 

2. According to the complex survey data during May and June the 

investigated area was in the zone of mixing of Antarctic and 

sub-Antarctic waters. According to the survey, the northern 

and north-eastern streams, when approaching Heard Island and 

its shallow plateau-life shelf, divided into two streams which 

rounded the shelf on the eastern and western sides. The 

eastern stream was more intensive. The main frontal area of 

the Antarctic convergence was most likely in the southern part 
of the French Fishing Zone. 
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The vergencies of the streams and their meanderings which were 

influenced by the bottom relief produced in the investigated 

area a number of whirls of different scales, cyclonic and 

anticyclonic in nature, the most part of which have a complex 
thermohaline structure. 

3. In May-June, the area was characterised by summer modification 
of the Antarctic water structure. Everywhere around the 

plateau, a cold, sub-surface layer was detected and 

correspondingly the season thermocline was detected. 

OVer the plateau the cold sub-surface layer was absent. It 

was modified by the presence of the formation of warm whirls 

over the plateau. In surface layers the whirl was 

characterised by increased salinity and increased 
concentration of biogenic salts, but in deep layers (more than 
150m) the salinity and concentration of biogenic salts 

decreased. This whirl was most probably formed by Antarctic 

and sub-Antarctic surface waters and deep water Antarctic 

water in the ratio of approximately 2:2:1. 

4. During the second cruise the structure of the waters of the 

area was of a winter character. Cold sub-surface layers and 

the seasonal thermocline correspondingly were absent as a 

result of intensive cooling of the surface waters during 

autumn-winter convection. 

The surface water temperature decreased from 2.3-2.6°C (during 

the first cruise) to 1.3-1.8°C (during the second cruise). 

5. According to the mesoscale and microscale oceanographic 

investigations in the area of aggregation of 

Champsocephalus gunnari a cyclonic whirl was detected. The 

whirl was 25-30 miles in diameter and incorporated 2-3 smaller 

(7-10 miles diameter) ellipsoidal cyclonic whirls separated by 
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anticyclonic streams of the current. Their formation is 

related to meandering of the stream of the current passing in 
the south-eastern part of the area. The location of the 

aggregation of ~. gunnari was related to the position of the 

south most of this cyclonic whirl during the first and second 
cruises. The water of the whirl was warmer and more saline 

and contained a higher concentration of biogenic salts. The 

whirl was most distinct in the layer deeper than 120m. 

Low catches at the end of July are related to the destruction 

or movement of this whirl from the area when the velocity of 

the winds sharply increased. 

6. It is considered worthwhile to recommend the discovered area 

of aggregations of ~. gunnari for commercial exploration 

bearing in mind the abiotic conditions favourable for the 

formation of fish aggregations were quasi-stationary (they 

remain stable at the same position or location). 

Ill. Hydrobiological Investigations (Plankton) 

According to the results of the complex survey conducted from May 

to June there was an uneven distribution of meso and macroplankton over the 

surveyed area. The biomass of the mesoplankton was within the range 

8-176 mg/m3 (mean 63.7 mg/m3
) and macroplankton ranged from 1-166 mg per 10 

minutes of trawling with the BMS-3 net (mean 33.7g/10 min of trawl). The 

least productive areas were to the north east from Heard Island and over 

Bank Youznaya (southern), (Biomass of mesoplankton was less than 50 mg/m3
, 

macroplankton less than 20g/10 min of trawling). The most productive areas 

were the area of aggregation of ~. gunnari; Banks Shrednaya (middle), 

vostochnaya (eastern) and Schootchya (Pike) (Mesoplankton was greater than 

100 mg/m3 and macroplankton 50-100g/10 min of trawling). 

In May-June the catches of mesoplankton in the conically reverse 

nets consisted mainly of Copepoda and ostracoda. 
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In samples of macroplankton Euphausia vallentini was dominant and 

only occasionally were found~. triacantha and Parathemista gaudichaudi. 

In July, sub-adult Euphausids predominated in the macroplankton 

forming the acoustic dispersing layer. ~. vallentini and~. gaudichaudi 
were caught only occasionally. E. triacantha was absent from the catches. 

In July the vertical development of the sound dispersing layer was 

considerably less than in May and June. 

IV. Ichthyological Studies and Estimation of Stocks of Fish 

In this part of the program 62 successful trawls were made (16 

midwater and 46 bottom trawls). Location of the trawls is shown on the 
chart. Eleven bottom trawls were made on the Bank Novaya (New Bank), one 

bottom trawl was made on the Bank vostochnaya (East Bank), and 26 bottom 
trawls were made in an area on the Heard Island shelf where an accumulation 

of Champsocephalus gunnari (Lomberg : Channichthyidae) was located; three 
bottom trawls were made on the slopes at the shelf edge surrounding the 

area of aggregation. A number of trawls were made in the area between 

Heard Island and the area of accumulation of C. gunnari. 

I. Bank Novaya : 

Accumulations of fish were not detected on the Bank Novaya during 

research in this area on 26-27 July. Acoustic surveys revealed no trace of 

fish and catches in the 11 trawls were low. Catches ranged from several kg 

to 300 kg. At depths from 250 to 480m Notothenia sguamifrons (Gunther, 

Notothenidae) prevailed. Only one catch from the north-western part of the 

bank consisted entirely of ~. gunnari. 

Analysis of hydrological data showed the absence of conditions 

necessary for the accumulation of fish. 
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The fish resources of Bank Novaya should not, however, be regarded 

as not promising since accumulations of ~. gunnari and~. sguamifrons were 

found here in autumn and spring 1975 and in spring 1976 by Soviet fishing 

operations. Further studies should be conducted in this area in the 
future. 

The most common species in the catches were Dissostichus 

eleginoides (Smitt) (90.9% of catches), Notothenia sguamifrons (90.9%) and 
Channichthys rhinoceratus (81.8%) and~. gunnari (81.8%). 

By weight of fish in the catches, N. sguamifrons dominated (63.3%) 

followed by ~. gunnari (23.9%). 

A. Notothenia sguamifrons 

Notothenia squamifrons was caught over the whole range of trawled 

depths. Specimens varied in length from 5 to 50cm (mean TL = 

24.4cm) and in weight from 4.7 to 1224g (mean weight = 237.6g). 

Some increase in size with depth was detected. Immature, never 

spawned fish prevailed (females 80%, males 90%). 

GSI females = 0.3-1.0 %, 

0.5 

(GSI = Gonadosomatic Index) 

GSI males = 0.2-0.5 % 

0.4 

A very small proportion of fish had gonads with signs of long past 

spawning (not less than half a year ago) (females 1.3%, males 
7.8%). 

GSI females 3.1-10.2 %, 

7.3 
GSI males = 1.3 % 

Out of the analysed fish 82% had food present in their stomachs. 

The average degree of stomach fullness (on a subjective scale from 

0-4) was 1.6 and the mean weight ratio was 101.5°/ . 
000 
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The most frequent prey items recorded in the stomach contents were 
: Hyperiidae : Parathemists gaudichaudi (in 25.7% of stomachs with 

food) and Euphausiidae : ~. vallentini and~. triacantha (in 26.2% 

of stomachs with food). 

By weight, Ctenophora and~. gaudichaudi represented 55.3% and 

22.2% of the food, respectively. 

In other areas of the Southern Ocean (Indian Sector) 

~. squamifrons has also a characteristically high diversity in its 
diet (Chechoon, 1984). We have recorded not less than 17 groups 

and species of organisms in the stomachs of ~. squamifrons. The 

most common food items were macroplankton organisms (in 78.4% of 

stomachs with food). Benthic organisms were recorded in 10% of 

stomachs with contents. Fish, (Krefftichthys anderssoni and fry 

of ~. gunnari) were present in 4.4% of stomachs containing food. 

B. Chamsocephalus gunnari 

The length frequency of Champsocephalus gunnari was represented by 

fish from 9 to 41cm (TL). Within this range, three distinct size 
groups of fish were recognised : 

1. TL length 9-13 cm mean weight 5.4g 

11.2 

2. TL length 21-27 cm mean weight 63.9g 

22.8 

3. TL length 33-41 cm mean weight 235.1g 

36.4 

Large fish dominated the catches (more than 95% by weight). 
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Sex of individuals of the smallest size group could not be 

visually determined . Gonads of fish of the second group were of 

the stage II classification, characterised by protoplasmic growth. 

Gonads of the third group were in the resting stage, a 

considerable time after spawning (spawning had apparently occurred 

not less than two months previously). The maturity of these fish 

was assigned to stage VI-III for females and stage VI-II for 

males . GSI for these after spawning stages of development is 1 .4% 

for females and 0.3% for males . 

Of the analysed fish, 80% had food present in their stomach. The 

mean degree of stomach fullness was 1 . 9, (80.3°/ooo by weight 

ratio) . [Ratio of sum of all stomach contents to sum of weight of 

all analysed fish, including ones with empty stomachs (total 

weight with intestines)}. 

The diet of ~ - gunnari was less diverse than that of N. 

squamifrons. Only five groups of food items were found 

~ - triacantha, ~ - vallentini, ~- gaudichaudi and fry of~ - gunnari 
and K. anderssoni. The dominant food items were~- vallentini, 

~- triacantha and ~- gaudichaudi represented in respectively 

47.8%, 41 . 3% and 4.3% of stomachs with food. These prey species 

represented, respectively. 40.1%, 36 .6% and 14.2% of the weight of 

food. 

Fry of~- gunnari were recorded in 4.3% of all stomachs with food 

and they represented 8.7% of the total weight of food. 

C. Other species 

Species other than N. sguamifrons and ~- gunnari were only 

occasionally recorded in the catches from Bank Novaya. The small 

number individuals of other species available for analysis was 

insufficient for a detailed discussion of their biology to be 
made. 
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area, in general, 47.8 ± 46.0 thousand tonnes. Such a large error in stock 

assessment (46.0 thousand tonnes) was a result of few trawls. 

From 26 July to 1 August 19 bottom trawls were made and this 

enabled the boundaries of the aggregation to be more accurately defined and 

to speak with more assurance about the assessment of fish stocks and the 

level of sustainable yield. 

The swept area method for assessing stocks assumes that the fish 

are distributed evenly over the area of trawling. The amount of fish in 

the aggregation (irrespective of the catchability of the trawl) may be 

represented by 

F 
Q = - ex + e:) 

f 
where F the determined area of the aggregation 

f the swept area of one trawl 

x = average catch per trawl 

e: = error in determination (Udovich 1974) 

It is assumed that trawls have equal duration and that the density 
of aggregation (CPE) is constant during the time of the survey, if, within 

the determined area, there is a high variance in catches. Stocks should be 
separately calculated for areas with different catches, and then the 

results summed. 

During the survey it was not always possible to follow all of the 

above mentioned conditions. Because trawls were not always of exactly the 
same duration, the catches were recalculated into catch per hour of trawl. 

Due to the considerable differences in the weight of catches the whole 

survey area (130.55 nm2
) was divided into areas where catches were high 

(50.64 nm2
) and areas where catches were low [(~ 1 tonne), 79.99 nm2 J. 

The swept area for one hour of trawling is equal to S = a. 

where a horizontal opening of the net (bottom trawl a = 29.5 m) 

distance swept in one hour of trawl. 
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For areas with density aggregations - 6.90km and in areas of 

lower density = 6.74km and the swept areas were 0.21km2 and 0.20km2 

respectively. 

Average catch per trawling (x ± a) in the area of dense 

aggregation was 8.01 ± 6.11 tonnes and in the area of lower density was 

0.603 ± 0.688 tonnes. 

a 
The error in determination € = t~ In 

where t~ = students coefficient 

For the area with dense aggregations 

€ = 1.812 
6.11 

v11 
= ± 3.34 (P~ 0.90) 

For the area with lower density 

0.688 
€ = 1.812 = ± 0.452 (P~ 0.90) 

therefore the values of mean catch for the areas are 

high density area x = (8.01 ± 3.34) tonnes 

lower density area x = (0.603 ± 0.452 tonnes 

the area of the dense aggregation occupied an area of 173.7km2 

the value of the ratio of ~ = 827.143 

the area of the low density region was 274.1km2 

F f = 1370.5 

Q high density area = (6625 ± 2763) tonnes 

Q low density area = (826.4 ± 619.5) tonnes. 
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But as mentioned above, the catchability of the trawl was not 

considered. 

For the trawl of the given type and the given fishing object 

(~. gunnari) the practically determined catchability was previously 

determined as approximately 0.3. This value was obtained through studying 

the dynamics of catch in relation to the speed of trawling, which allows 

determination of the rate of evasion of fish from the trawl. 

Therefore : 
Q high density area = (22085 ± 9209) tonnes 

Q low density area = (2755 ± 2065 tonnes) 

and the total stock of fish for the area equals 24840 ± 11274 tonnes. 

Since the parameters of the equation of growth of the Heard Shelf 
population of ~. gunnari are unknown as yet, and it is impossible to build 

a model of rational exploitation we have to use the value of the 
sustainable yield calculated in Azcherniro according to the Baranoff, 
Beverton and Holt model for the Kerguelen Archipelago Shelf population of 

C. gunnari which equals 30% from the commercial stock. 

Considering that in the Heard Island Shelf population of 
C. gunnari the entire aggregation was composed of mature fish, the total 

population may be regarded as commercial stock. Taking into account the 

above statements, the sustainable yield of the investigated aggregation is 

(7452 ± 3382) tonnes (or approximately 7.5 ± 3.4 thousand tonnes). Bearing 
in mind that the dynamics of abundance of the Heard population of 

~. gunnari are not studied, we consider it possible to yield annually 6000 
tonnes at the beginning of commercial exploration. 

Because of the short research period and the resultant low number 
of trawls, catches from night trawls were also included in the calculations 

(although daytime catches exceeded night catches by two to three times), 

and we think the stocks of fish are considerably under estimated. 
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It should also be considered that while the vessel was moving out 

of the AFZ a prolonged bottom trace was recorded on the Simrad EK120S to 

the North-west of the aggregation of~. gunnari which was investigated. 

This additional trace had the characteristics of mature ~. gunnari. 

Thus it is recommended in the first stage of commercial fishing in 

the AFZ around Heard Island to yield annually 6000 tonnes of ~. gunnari 

without damage to the population. In the future, as our knowledge of the 
fishing resource grows, this value will most probably increase. 

V. Seabirds and Marine Mammals 

Visual observations of seabirds and marine mammals were conducted 

from the Professor Mesyatsev in the Australian Fishing Zone. 

Systematic 10 minute counts of seabirds were conducted in 

accordance with the methods recommended by the Scientific Committee on 

Antarctic Research. 

Between 10 May and 27 June, 164 counts were conducted and 24 

species were recorded; during the shorter second period of research (24 

July-2 August) 13 species were recorded during 23 counts. 

A high abundance of seabirds was observed over the Shelf waters of 

Heard Island on several occasions during the first period of research. The 

area of high abundance of seabirds which covered more than 20 square n 

miles was dominated by the following species : Daption capense, 

Fulmarus glacialoides, pachyptila sp and Halobaena caerulea. Large numbers 

of the birds in this area were in small flocks on the water surface and 

they were observed actively feeding. 

The area of high abundance of birds coincided, each time that it 

was observed, with the area of highest catches of ~. gunnari. In this 

area, and especially where the birds were feeding, there were well defined 

sound dispersing layers, characteristic of planktonic organisms, in the 

upper and middle strata of the water column. 
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Fur seals are rarely seen at sea away from their breeding areas 

and so it was very interesting to record 215 fur seals during the time in 

the Austr.aUan waters. 

During the May and June period of research 158 seals were seen. 

The sightings were most frequent within the localised area of the Heard 
Island Shelf where catches of C. gunnari were highest and where large 

feeding aggregations of seabirds were observed. 

Observations included three sightings of about 30 seals, near the 
same location, on separate days over a one week period (possibly 

resightings of the same group). On three occasions in this area individual 

fur seals were observed. These seals were at the surface of the water 

holding relatively large fish in their mouths. 

A total of 57 seals were seen during the second period of research 

(24 July-2 August). Almost all of these were again recorded over the shelf 

area of Heard Island where they were frequently observed during May and 
June, but several were recorded on Bank Novaya. 

CONCLUSION 

As a result of the complex investigation during the cruise of the 

USSR SRV Professor Mesyatsev, it was found that during the Austral winter, 

an aggregation of ~. gunnari is present on the shelf of Heard Island. 

These data differ with the previously described distribution of 

fish resources in the Australian Fishing Zone. During the winter season 

the aggregation of ~. gunnari occupied a stable position during a prolonged 
period of investigation of the area under study. 

On the basis of a number of morphological and biological data a 

conclusion was made on the unique character of the population of C. gunnari 

of the shelf of Heard Island. It was also concluded that this population 
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was distinct from the population occupying the shelf area of the Kerguelen 

Archipelago. It was found that the hydrological conditions, favourable for 

the formation of food plankton and fish aggregation, are quasi-stationary. 

The general picture of the circulation of water masses and 

peculiarities in the distribution of planktonic organisms in the 

investigated area were determined precisely enough. 

It was shown that fish aggregations may form on some sub-marine 

mountains in the Kerguelen ridge under certain conditions. 

Seabirds and fur seals were detected in the areas of the increased 
concentration of plankton and fish. 

The location of the submarine mountains and the character of the 

relief of the submarine Kerguelen Ridge, within the AFZ were more precisely 
determined. 

All the above mentioned results give basis to speak about 

relatively high biological productivity (including fish productivity) of 
the investigated area and allow us to regard this area as having potential 

for commercial fishing. 
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Table 1. Species composition by frequency and by weight + 0.01% by weight 

Lamnidae 

Lamna nasus 
(Bonnaterre, 1788) 

Rajidae 

Bathyraja eatonii 
(Gunther, 1876) 

B. murrayi 
(Gunther, 1880) 

B. irrasa Hureau a. 
OzoufCostaz, 1980 

Bathyraja sp.l 
Bathyraja sp.2 

Myctophidae 

Eleetrona antaretiea 
(Gunther, 1878) 

Gymnoseopelus braueri 
(Lohnberg, 1905) 

G nicholsi 
(Gilber, 1911) 

G. opisthopterus 
Fraser-Bruhner,1949 

Krefftichthys 
anderssonii 
(Lohnberg, 1905) 

protomyetophum 
tenisoni 
(Norman, 1930) 

Muraenolepididae 

Muraenolepis 
marmoratus 
(Gunther, 1880) 

Macrouridae 

Maerourus carinatus 
(Gunther, 1878) 

Macrourus sp. c.f. 
whitsoni 

Shelf of Heard Island 
Ulenscp O. Xepg 

Bottom trawls Midwater trawls 
% % 

freq oce 
2 

2.9 

32.4 

23.5 

2.9 
14.7 
2.9 

5.9 

8.8 

2.9 

2.9 

2.9 

11.8 

2.9 

2.9 

% % 
by weight 

3 

0.1 

0.2 

+ 

+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

% % 
freq occ 

4 

11.8 

23.5 

5.9 

New Bank 
Bareka Hobar 

Bottom trawls 
% % % % % % 

by weight freq occ by weight 
567 

0.5 

+ 

+ 

36.4 

18.,2 

9.1 
9.1 

9.1 

9.1 

18.2 

18.2 

45.5 

3.4 

+ 

0.8 
0.1 

+ 

+ 

+ 

+ 

0.1 



Congiopodidae 

Zanclorhynchus 
spinifer (Gunther, 
1880) 

Nototheniidae 

Notothenia 
rossii rossii 
(Richardson, 1844) 

N. squamif rons 
(Gunther,1880) 

N. acuta 
(Gunther, 1880) 

N. mizops 
(Gunther, 1880) 

Dissostichus 
eleginoides 
(Smitt, 1889) 

Harpagife ridae 

Harpagifer sp. cf. 
spinosus 

Channichthyidae 

Chamsocephalus 
gunnari 
(Lomberg, 1905) 

Channichthys 
rhinoceratus 

(Richardson, 1844) 

Tempylidue 

Paradiplospinus 
antarcticus 
Andriashev 

Bothidae 

Mancopsetta maculata 
antarctica 
(Kothylar, 1978) 
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Shelf of Heard Island 
Ulenscp O. Xepg 

Bottom trawls Midwater trawls 
% % % % % % 

freq occ by weight freq occ 
234 

8.8 

26.5 

32.4 

8.8 

61.8 

+ 

+ 

+ 

+ 

0.8 

5.9 

New Bank 
Bareka Hobar 

Bottom trawls 
% % % % % % 

by weight freq occ by weight 
567 

45.5 0.1 

90.9 63.3 

63.6 0.1 

90.9 6.7 

+ 

91.2 96.5 82.4 99.5 81.8 23.9 

85.3 2.4 47.1 + 81.8 1.5 

5.9 + 5.9 + 9.10 + 

54.5 + 
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SC-CAMLR-VI/BG/16 

Leqende du tableau 

composition des especes par frequence et par poids + 0,01% 
par poids. 

Encabezamiento de la Tabla 

Composicion de las especies por frecuencia y por peso 
+ 0.01% por peso. 

3arOJIOBOK K Ta6JIl1qe 

Bl1AOBOH COCTaB no qaCTOTe BCTpeqaeMOCTl1 l1 no Becy 
+ 0,01%. 
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WG-FSA-87/16 

DISTRIBUTION OF FISH LARVAE AT SOUTH GEORGIA : HORIZONTAL, VERTICAL, AND 
TEMPORAL DISTRIBUTION AND EARLY LIFE HISTORY RELEVANT TO MONITORING 
YEAR-CLASS STRENGTH AND RECRUITMENT 

A.W. North 
(United kingdom) 

Abstract 

Four studies on the early life history stages of 
Antarctic fish at South Georgia are reported. In winter 
and summer fish larvae and early juveniles were present 
over the continental shelf and abundant near the coast, 
but rare in oceanic waters. During winter in the 265 m 
deep fiord of Cumberland East Bay the early stages of 
many species were found throughout the water column. In 
summer only four species of larvae were abundant, they 
were found in the upper 100 m of the water column, 
especially the top 2 m layer at certain times of day. 
In both seasons some species showed daily vertical 
migration. 

The findings are discussed in relation to surveys for 
sampling the early stages of fish at South Georgia, with 
special reference to the early life history of 
Champsocephalus gunnari. 

Quatre etudes sur les premiers stades de la vie des 
poissons de l'Antarctique en Georgie du sud font l'objet 
d'un compte rendu. En hiver et en ete, des larves de 
poissons et des juveniles precoces etaient presents sur 
le plateau continental et abondants pres de la c9te, 
mais rares dans leseaux oceaniques. Au cours de 
l'hiver, on a trouve dans le fjord d'une profondeur de 
265 m de la Baie Est de Cumberland les premiers stades 
de la vie de nombreuses especes dans toute la colonne 
d'eau. En ete, seulement quatre especes de larves 
etaient abondantes; elles se trouvaient dans les 100 
metres superJeurs de la colonne d'eau, surtout dans la 
couche des 2'metres superieurs a'certains moments de la 
journee. Au cours des deux saisons, une migration 
verticale quotidienne a ete observee chez certaines 
especes. 

Les conclusions sont examinees relativement aux 
prospections d'echantillonnage des premiers stades de la 
vie des poissons en Georgie du Sud, en particulier les 
premiers stades de Champsocephalus qunnari. 
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Resumen 

Se present an cuatro estudios sobre las primeras etapas 
del historial de vida de los peces antarticos en Georgia 
del Sur. En invierno y verano habia larvas de peces y 
peces jovenes en su primera etapa de vida presentes en 
la plataforma continental y los mismos abundaban cerca 
de la costa, pero escaseaban en las aguas oceanicas. 
Durante el invierno, en el fiordo de 265 m de 
profundidad de la bahia de Cumberland East, las primeras 
etapas de varias especies fueron halladas a traves de 
toda la columna de agua. En verano abundaron solo 
cuatro especies de larvas, las cuales fueron halladas en 
los 100 m superiores de la columna de agua, 
especialmente en la capa superior de 2 m, a ciertas 
horas del dia. En ambas temporadas algunas especies 
mostraron una migracion vertical diaria. 

Se discuten los resultados en relacion alas 
prospecciones para el muestreo de peces en su primera 
etapa en Georgia del Sur, con especial referencia alas 
primeras etapas del historial de vida de Champsocephalus 
qunnari. 

Pe310Me 

Co06rqaeTcJI 0 "IeTbIpex HCcJJeAoBaHHHx paHHI1X 

cTaAI1H )K113HeHHOI'0 ~11J<:JIa aHTapJ<:TI1"1ecJ<:l1x PbI6 B 
paHOHe iO>R:HoH reoprl1l1. 311MOH H JIeTOM 

Ha6JIIOAaJIOCb npHcYTcTBHe JIHt{I1HOJ<: PbI6bl 11 MOJIOAH 

Ha paHHHX CTaAl1aX pa3BHTI1J1 B paHOHe 
J<:OHTHHeHTaJIbHOrO llieJIb~a H B 60JIblliOM J<:OJII1t{eCTBe 

Y 6epera, HO Ot{eHb peAJ<:o B OTJ<:PhlTOM 

OJ<:eaHe. 3HMOH B ~HOPAe 3aJIHBa KaM6epJIaHA 

J1cT-6eH, rJIy6HHOH B 265 M, no BceMY BOAHHOMy 
CTOJI6y 6b/JI0 06HapY)KeHO npHCYTCTBHe oc06eH 

MHorHX BHAOB Ha paHHHX CTaAHHX )KH3HeHHoro 

~HJ<:JIa. JIeToM B H306HJIHH 6blJlH JII1t{HHJ<:H TOJI bJ<:O 

t{eTblpex BHAOB; OHH 6blJIH 06Hapy)KeHbl B BepXHHX 
100 M BOABHoro cToJI6a, oc06eHHO B BepXHHX 2 M 

- B onpeAeJIeHHOe BpeMa CYTOJ<:. B Tet{eHHe 060HX 

BpeMeH rOAa Y HeJ<:OTopblX BHAOB Ha6JlIOAaJIaCb 
e)KeCYTot{HaH BepTHJ<:aJIbHaH MHrpa~HH. 

Pe3YJI bTaTbl 3THX Ha6JIIOAeHHH paCCMaTpHBalOTCH B 
CBH3H co CbeMJ<:aMH, Ha~eJIeHHbIMH Ha B3HTHe 

06pa3~OB phl6hl Ha paHHHX cTaAHHX pa3BHTHH Y 

iO>R:HOH reoprHH; oc060e BHHMaHHe YAeJIHeTCH 
paHHHM CTaAHHM )KH3HeHHoro ~HJ<:Jla 

Champsocephalus qunnari. 
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DISTRIBUTION OF FISH LARVAE AT SOUTH GEORGIA: 

HORIZONTAL, VERTICAL, AND TEMPORAL DISTRIBUTION AND 

EARLY LIFE HISTORY RELEVANT TO MONITORING 

YEAR-CLASS STRENGTH AND RECRUITMENT 

A.W. North 

British Antarctic Survey, NERC 

High Cross, Madingley Road 

Cambridge CB3 OET, United Kingdom 

INTRODUCTION 

British Antarctic Survey has undertaken seven cruises using RRS 

John Biscoe to investigate the Antarctic marine ecosystem, around South 

Georgia. The island is an important breeding area for higher predators 

which are also studied by shorebased research at Bird Island. During these 

cruises fish biologists under the guidance of Martin White have studied 

small fish, including the early stages of the Notothenioidei and other 

common coastal species, and the midwater fishes (mainly Myctophidae). 

The purpose of this paper is to communicate information on fish 

biology gained from these studies of relevance to CCAMLR, especially to 

item 4 of the agenda of the Meeting .of the Ad Hoc Working Group on Fish 

Stock Assessment, (Hobart 19 ~ 23 October, 1987), "surveys of early life 
history stages". 

1. WINTER SOUTH GEORGIA ZONE SURVEY, 28 JULy TO 21 AUGUST, 1983 

Methods 

The study was a grid survey around South Georgia (Figure 1). There 

were 26 oceanic stations (depth >2000 m), 11 shelf edge stations (depth 

<2000, >200 m) and 5 shelf/neritic stations (depth <200 m). A multiple 

rectangular midwater trawl of 8 m2 and 4.5 mm mesh (MRMT8) was used to 
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sample discrete depth strata of 0-250 m, 250-500 m and 500-1000 m depth 
depending on bathymetry. The shallower depth strata were sampled at all 
stations. Only one sample at each depth interval was taken at each 
station. The results are plotted for each separate net fished, as number 
of specimens per 105 m3 of water filtered, with no discrimination according 
to depth. The key to abundance represented by filled circles in the 
Figures 2-17 follows Figure 1. For most hauls a single specimen caught 

would give a calculated value of about 5 per 105 m3 volume filtered. 
Information on fish standard length is also given; this includes data from 

a study in the fiord of CUmberland East Bay during 20 September to 5 
october, 1983, approximately one month after the zone survey. 

Results 

Eggs of either Notothenia rossii or Notothenia neglecta (probably 
not both) were found in the surface waters over the shelf and in cumberland 

East Bay at densities of about 2 000 per 105 m3
• The highest catches were 

not using the MRMT8 net but were from the Foredeck Net (FNet) towed in the 
upper 2 m of water column alongside the foredeck of the ship. This 
suggests that the eggs were not adequately sampled by MRMT8 nets, so their 

vertical distribution is included later under part 3. (Figure 19). 

Chamsocephalus gunnari larvae of 12-32 mm standard length (SL) 

occurred at only four of the stations over the continental shelf and in 
none of the oceanic stations (Figure 2). However, one month later they 
were abundant in CUmberland East Bay (Figure 20). 

Pagothenia hansoni larvae of 23-54 mm SL occurred at all depths 

fished on a single station near to the coast (Figure 3). They were 
abundant one month later in Cumberland East Bay. 

Nototheniops larseni larvae of 15-55 mm SL occurred only over the 

shelf (Figure 4), at abundances of 7-600 per 105 m3 where present. They 
were abundant one month later 'in Cumberland East Bay. 



- 109 -

Notothenia kempi larvae 21-25 mm SL were found mostly over the 

shelf except for a single specimen just off the shelf to the south of South 
Georgia (Figure 5). 

Pseudochaenichthys georgianus larvae of 12-30 mm SL were found on 

the shelf near the north-east coast of South Georgia (Figure 6), and they 

were moderately abundant one month later in Cumberland East Bay. 

Chaenocephalus aceratus larvae were absent from the survey although 
they were moderately abundant in Cumberland East Bay about one month later 
when they were 10-30 mm SL. 

Psilodraco breviceps larvae of 11-27 mm SL occurred. at two stations 
near to the coast (Figure 7). 

Larvae and early juveniles of the eel-cod Muraenolepis microps 

45-71 mm SL were found mostly over the shelf or near the edge of the shelf 
(Figure 8). 

Larvae of the midwater barracudina (paralepididae) Notolepis coatsi 

16-77 mm SL occurred at many oceanic stations (Figure 9). They were found 
mostly beyond the shelf but also over the shelf near the middle of the 
north-east coast of South Georgia. 

Conclusions 

The early stages of the order Notothenioidei and the family 
Muraenolepididae occurred over the continental shelf of South Georgia. 

Many species were abundant or common in the fiord of Cumberland East Bay on 

the north coast of the island even when they had been caught at few of the 

42 stations around the island. In contrast the early stages of Notolepis 

coatsi were common at oceanic stations beyond the shelf although they also 
occurred over part of the shelf. 
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2. SUMMER, PREDATOR PREY CRUISE: RADIAL TRANSECTS AROUND BIRD ISLAND, 

SOUTH GEORGIA, 4 FEBRUARY TO 5 MARCH, 1986 

Methods 

Samples were taken using the MRMT8 along radial transects extending 

to the north and south of Bird Island (Figure 10). Samples were mostly to 
100 m depth and some to 500 m depth; these have been combined. Figures are 

plotted for each net fished as number of specimens per 105 m3 volume 

filtered by the 8 m2
, 4.5 mm mesh net. The total number of specimens 

caught (n) and the range of their standard length (SL) is given for each 
species for all stations combined (normally only including data from 

specimens less than 80 mm SL). 

Results 

No significant catches of pelagic fish eggs were made. 

Champsocephalus gunnari larvae of 40-54 mm (and one of 15 mm) SL 

(n=33) were found mainly over the continetal shelf to the south of Bird 

Island (Figure 11). 

Notothenia gibberifrons larvae of 21-38 mm SL (n=229) were abundant 

over the continental shelf to the north and south of Bird Island, but were 

absent at the stations beyond the shelf (Figure 12). 

Nototheniops larseni larvae of 18-35 mm SL (n=83) and early 

juveniles of 50-80 mmSL (n=45) were abundant over the shelf to the north 

and south of the island (Figure 13). 

Nototheniops nudifrons larvae and early juveniles of 27-50 mm (and 
one of 70 mm) SL (n=109) were most abundant over the shelf (Figure 14). 

Pseudochaenichthys georgianus juveniles of 79 and 93 mm SL were 

caught at separate stations over the shelf (Figure 15). 
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Chaenocephalus aceratus larvae/early juveniles 51-77 mm SL (n=6) 

were only found over the shelf (Figure 16). 

Muraenolepis microps larvae 26-45 mm SL, (n=21) and one 61 mm were 

most abundant over the shelf to the north of Bird Island. They were also 

present at most shelf stations but at only one oceanic station (Figure 17). 

Conclusions 

Although this was a simple survey that did not cover an extensive 

geographical area it supports the conclusions of the previous study. These 

are also supported by further unpublished observations by the British 

Antarctic Survey that found fish larvae to be very abundant in summer 
within 15 n. miles of the north-east coast of South Georgia. Therefore in 

summer and winter the early stages of the Notothenioidei and Muraenolepis 

microps are most abundant over the continental shelf at South Georgia, and 

rare or absent in oceanic waters beyond the shelf. 

3. DIURNAL VERTICAL DISTRIBUTION OF FISH LARVAE IN CUMBERLAND EAST BAY, 
SOUTH GEORGIA, DURING WINTER, 20 SEPTEMBER TO 5 OCTOBER, 1983. 

Methods 

A single station along the fiord of Curnberland East Bay (Figure 18) 

was sampled during four periods of the day at four depth strata with six 

replicates of most samples. The surface 0-2 m depth was sampled by 

horizontal tows of 30 minutes duration using a Foredeck Net (FNet) (1 m2 
, 

4.5 mm mesh) fished alongside the foredeck of the ship in surface waters 

undisturbed by the ship's wake. A multiple rectangular midwater trawl net 

of 8 m2 and 4.5 mm mesh (MRMT8) was used to sample from near the bottom of 

the fiord (265 m depth) to the surface by upward oblique hauls at discrete 

depth strata. These net hauls were at 250-150, 150-70 and 70-2 m depth, 

each for 30 minutes duration towed at 2.5 knots. The results were 

calculated assuming the net was 100% efficient. Catches from the Foredeck 
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Net (1 m2
) were multiplied by 8 to complement those of the MRMT8 (8 m2

). 

The results are expressed as total number from all replicates of each 
sample combined, to give number of specimens per 12x104 m3 of water 

filtered by the net. Some samples were missed or ruined due to bad 

weather, emergency, or jellyfish; in such cases the totals were adjusted by 

an appropriate proportion to given numbers per standard total volume 

filtered. The number of replicates per time and depth combination is given 

in Table 1. The length range (SL) of the species was given in part 1. 

Results 

Eggs 4.7 mm in diameter of either Notothenia rossii or N. neglecta 

(probably only one species) were most abundant in the upper 2 m of the 
water column at all times of the day (Figure 19). Numbers for the 

pre-sunset period appear to be lower than at other times of day. 

Champsocephalus gunnari larvae after sunset were most abundant in 

the upper 70 m layer and at 2-150 m depth before dawn (Figure 20). In the 

light period after dawn they were at 0-70 m depth, and later before sunset 

at 2-70 m, but not in the upper 2 m surface layer. There is an upwards 

vertical migration during sunset from 2-70 m depth to the upper surface 
layer, followed by a downwards migration during dark from the surface 

layer. During winter larvae were mostly in the upper 150 m, although at all 

observed periods of the diurnal cycle some were found from the surface down 

to 250 m depth. During the light period the nets caught less specimens 

than during the period of darkness. This suggests significant net 
avoidance by this species at only 12-32 mm standard length. 

Nototheniops larseni larvae after sunset were most abundant in the 

surface 0-2 m depth layer and moderately abundant at 2-70 m depth (Figure 

21). Before the dawn they were most abundant at 2-70 m and moderately 

abundant in the upper 2 m depth layer. During the light period they were 

caught in much lower numbers but were most abundant at 2-70 m depth. None 

were caught in the surface 2 m when it was light. Nototheniops larseni 
larvae migrate up to the surface 2 m layer after dark, then down to 2-70 m 

depth during daylight, although at all parts of the diurnal cycle some 

larvae were caught at all depths. 
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Pseudochaenichthys georgianus larvae were absent from the upper 2 m 
except after dawn (Figure 22). They were most abundant at 70-250 m depth 
before dawn and at 2-70 m depth after sunrise, when they were also 
moderately abundant at 150-250 m depth. The catches during daylight 
periods show that much fewer specimens were taken before sunset (and none 
at the surface) compared to after sunrise. After sunset they were most 
abundant at 70-150 m depth. At all times of the day larvae were present in 
the lower 150-250 m depth layer. Low catches during the pre-sunset period 

could be due to a migration close to the sea-bed, and this is worth further 

study. 

Chaenocephalus aceratus larvae were never caught in the upper 2 m 
layer (Figure 23). They were most abundant before sunset at 2-70 m depth. 
After dark they migrated to deeper water at 70-250 m depth, most to 
150-250 m depth, then before dawn up to the 70-150 m depth layer. After 

dawn they were most abundant at 150-250 m, rare at 70-150 m and moderately 

abundant at 2-70 m depth. This suggests a dawn migration either to the 
surface or to deep water and a movement during the day to the 2-70 m layer, 
then a downward migration at sunset, then upwards to 70-150 m depth during 
the night. 

parachaenichthys georgianus larvae of 11-35 mm SL were absent from 
the upper 2 m layer before and after sunset but were found in that layer 
before and after dawn (Figure 24). At all times of the day they were most 

abundant at 2-70 m depth and generally did not migrate deeper, although a 

few were found deeper at all times of the day. Catches before sunset were 
lower than at other times of the day. Vertical migration seemed limited to 
some movement up to the surface during the dark, and down from the surface 
during the day. 

Electrona antarctica early stages of about 7-25 mm SL were never 
found in the upper 2 m (Figure 25). They were most abundant in the 

70-250 m depth layer and moderately abundant at 2-70 m. There is some 
evidence for a downward migration during daylight followed by upward 
migration during the dark. 
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Conclusions 

In winter there are significant numbers of the early stages of fish 

in Cumberland East Bay, South Georgia. Several species were found at all 

depths during most periods of the diurnal cycle. Eggs were most abundant in 

the surface 2 m depth layer. This upper 2 m depth layer is avoided 

completely by some species (Chaenocephalus aceratus, Electrona antarctica), 

whereas others migrate to the surface at particular periods of the diurnal 
cycle (Champsocephalus gunnari, Nototheniops larseni, Pseudochaenichthys 

georgianus, Parachaenichthys georgianus). Most species were generally more 

abundant in the upper 150 m of the water column at most times though 
Chaenocephalus aceratus, pseudochaenichthys georgianus and Electrona 

antarctica were abundant near the bottom of the fiord at certain periods of 

the diurnal cycle. Many species showed evidence of vertical migration 

during the diurnal cycle (Champsocephalus gunnari, Nototheniops larseni, 

Pseudochaenichthys georgianus, Chaenocephalus aceratus). 

To estimate the abundance of fish larvae at South Georgia in 

winter, it is necessary to sample the whole water column, and to sample 

during darkness to reduce net avoidance. 

4. DIURNAL VERTICAL DISTRIBUTION OF FISH LARVAE IN CUMBERLAND EAST BAY, 

SOUTH GEORGIA DURING SUMMER, 4-14 JANUARY, 1987 

Methods 

A single station along Cumberland East Bay was sampled at seven 

depth strata during six periods of the day (Figure 26). The Foredeck Net 

was fished as described in part 3, with six replicates per sample. The 

MRMT8 was fished by downward oblique hauls at discrete depth strata: 2-20, 

20--'60, 60-100, 100-140, 140-180 and 180-220 m; each net was fished for 20 

minutes at 2.5 knots with three replicates per sample. The results were 

calculated assuming the nets were 100% efficient and are expressed as an 

average number of specimens (n=3) per 13.3x103 m3 of water filtered by the 

net. 
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Results 

Champsocephalus gunnari migrated from the surface after sunset to 

70-100 m depth by midnight (Figure 26). Before sunrise many had moved from 

60-100 m to the surface 0-2 m and after dawn all had moved to the surface. 
By midday there was some migration from the surface to 2-100 m but before 

sunset most had returned to the upper 2 m, and many to 2-20 m depth. After 

sunset most were still in the upper 2 m though some had migrated down to 

20-100 m, and by midnight most were at 60-100 m depth. Overall 
distribution varied with season, in winter they were found throughout the 

water column, but in summer they were only in the upper 100 m of the 265 m 

deep fiord (cf Figures 20 and 26). 

Notothenia gibberifrons were always most abundant in the epipelagic 

0-2 m surface layer at all periods of the diurnal cycle (Figure 28). 

However, catches at midnight and before sunrise seem low. There was a lot 

of variation in the numbers caught in the surface nets, which probably 
indicates that the larvae form shoals. It is possible, by chance, if the 

larvae form shoals that the midnight and pre-sunrise samples underestimated 

their abundance. The average abundance at the surface is likely to be 

somewhere between the highest and lowest average catches, probably about 5 

per 106 m3
• 

Nototheniops larseni were mainly at 2-20 m depth except after 

sunset when they were abundant in the upper 2 m (Figure 29). Moderate 
numbers were found in the upper 100 m during all times of the day. In 

winter they were found throughout the water column but in summer few were 

found deeper than 100 m (cf Figures 21 and 29). 

pagothenia hansoni was interesting because the smaller larvae were 

in the upper water layers and the larger larvae in deeper water. But this 

observation is provisional and awaits statistical analysis before it can be 

fully ratified. At night the smaller larvae were found mostly in the upper 

2 m of the water column whereas during daylight they were caught in lower 

numbers and were most abundant in the upper 20 m (Figure 30). The larger 

larvae/late larvae were found mostly at 60-220 m depth and in lower numbers 
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than the smaller larvae. The larger larvae showed some evidence of 

vertical migration from 100-180 m after sunrise to 60-100 m at midday, then 

back to 100-180 m before sunset. Some came up to 20-100 m after sunset and 
remained there until after midnight. Before sunrise most were at 60-100 m, 

and then migrated down to 100-180 m depth during sunrise. This observation 

of vertical separation with size is provisional pending further analysis. 

pelagic eggs were not found during the fiord in the summer although 

eggs that were probably of Pagothenia hansoni were found in the stomachs of 

some benthic feeding adult fish. 

Conclusions 

In summer there were several species of fish larvae that were 
abundant in the upper 100 m of the fiord of Cumberland East Bay and few 

were present between 100-220 m depth at all periods of the diurnal cycle, 

although the bottom 45 m of the 265 m deep fiord was not sampled. In 

summer there was vertical migration in many species including 

Champsocephalus gunnari and Nototheniops larseni. The upper 2 m depth 

layer was important for the larvae of Chaemsocephalus gunnari, Notothenia 

gibberifrons, Nototheniops larseni and Pagothenia hansoni. Therefore in 

summer the upper 150 m of the water column, especially the upper 2 m, 
contains the highest densities of fish larvae in the fiord. The effect of 

strong winds on the surface water layer in relation to the distribution of 

epipelagic fish larvae is worthy of further study. 

5. DISCUSSION OF THE SPATIAL AND TEMPORAL DISTRIBUTION l AND EARLY LIFE 

HISTORY RELEVANT TO SAMPLING FISH LARVAE AT SOUTH GEORGIA 

Where to sample? From these studies in winter and summer the fish 

larvae of the commercially exploited Notothenioidei are found over the 

continental shelf, especially in the neritic near-coastal waters within 
20 n. miles of the coast such as the fiord of Cumberland East Bay. 
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How many stations to sample? This depends on the distribution of 
the target species. To evaluate their general distribution it would first 

be necessary to sample a stratified random grid over the area to be 

surveyed. A grid of a minimum of about 40 stations would be necessary for 

the continental shelf of South Georgia. This would be followed by sampling 
using a more intensive grid within the areas of high abundance of the 

target species. This all depends on how the target species are 

distributed. If the species spawns near the coast the larvae may be 

concentrated fairly evenly within perhaps 10 n. miles of the coast, in 
which case, after the initial survey, a further 10 near coastal stations 

may be enough to make a reasonably confident estimate of the abundance. 

Obviously this is partly a statistical problem, and a statistician should 

be consulted on the results of the initial survey to plan the subsequent 

smaller survey(s). 

Is the abundance of fish larvae in CUmberland East Bay an index of 

the status of the stocks? A short-cut method of determining the relative 

success of the youngest year-class of the fish species around the island 
would be to determine their abundance each year, at the same time of year, 

in CUmberland East Bay. This rests on the assumption that each species in 

the bay is representative of the whole stock. This may be true for some 
species. For example, the adult"Champsocephalus gunnari which spawn in the 

bay are probably subject to the same fishing and natural mortalities, 

feeding success, and growth, etc., as the rest of the stock, and their 

reproductive success, and larval survival and growth, may be the same as at 

other localities around the island. If these assumptions were satisfied 
then an intensive survey in the bay during one week each December could be 

used as an index of the year class strength of the youngest age class of 

the population. It would also be pertinent to measure the wind strength 

and direction in the bay during August to January, because this may affect 
the abundance of larvae in any year. 

What depth to sample? From the studies on vertical distribution 

the depths sampled depends on the target species and the time of the year. 

For example Champsocephalus gunnari was most abundant in the upper 150 m in 

summer. Therefore for this species it may be sufficient to sample the 
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upper 150 m of the water column. To make quantitative surveys of the 
species it would be necessary to include samples of the undisturbed near 

surface layers (undiluted by the mixing effect of the wake of a ship). For 

some species it may be necessary to sample the layer just above the sea-bed 

and further investigations to evaluate this are necessary. 

What time of the day to sample? From the studies in part 3 and 4 

there was evidence of reduced numbers of fish larvae in daylight samples. 

Therefore, for quantitative studies it would be best to sample during 

darkness. 

What sampling gear to use? Rectangular Midwater Trawl Net of 8 m2 

and 4.5 mm mesh and a Foredeck Net of 1 m2 and 4.5 mm mesh seemed to give 

reasonable and comparable results. However, it is likely that smaller fish 

larvae can pass through the 4.5 mm mesh in significant quantities because 

the smallest relevant dimension (body depth) for many species is only about 
1-3 mm. Therefore, experiments on mesh selectivity should be performed to 

evaluate the optimum mesh size for target species. A mesh of 2 mm may be 
better but this would clog more easily, especially with other plankton, and 

may result in a reduced filtering efficiency. optimum mesh size is worth 

further study. In the meantime MRMT8 (and Foredeck Net) seems a reasonable 

net to use as it is used by several nations and the results of several 

co-operating countries could be directly compared. 

How many replicates at each station of each sample? This depends 

on the volume of water filtered per sample in relation to how evenly the 

target species is distributed. Experience using either six replicates 

(winter) or three replicates (summer) suggests that for 30 minute tows 

using MRMT8 nets, three is a minimum and six replicates is reasonable. 

There was evidence that for some species (Notothenia gibberifrons in 

summer) six replicates by the Foredeck Net may sometimes be inadequate in 

species whose larvae form shoals. Therefore Foredeck Net samples may 

require about 10 replicates if tows are of 20 minutes duration, or longer 

tows with less replicates, (say six tows of 40 minutes duration) may be 

enough to make a reasonable quantitative estimate of the abundance of fish 

larvae. 
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What time of the year to sample? This depends on the early life 

cycle and growth rate of the target species. Many species spawn over a 

period of several weeks, with the larvae hatching over two or more months. 

Spawning may be localised in the fiords, or near trenches on the 

continental shelf of South Georgia. If the eggs are benthic the 

distribution of early larvae will be localised down-current of the spawning 

grounds. If the eggs are pelagic the larvae will be more evenly and widely 

dispersed. Larvae grow and become more widely distributed with time in 

general but on a smaller scale they become more patchily distributed by a 

combination of shoaling and diurnal vertical migration. When larvae 

metamorphose into early juveniles they often change their pelagic habit and 

become demersal. This makes them much less accessible to gear such as the 

MRMT8 net which is susceptible to damage by the sea-bed. In any case as 

they grow they can avoid the net more easily, and the MRMT8 net catches few 

Notothenioidei more than 60 mm total length. Taking these aspects of the 

life cycle into account the optimum time to undertake quantitative sampling 

is when the larvae are about 25 to 45 mm in total length (23-41 SL), when 

they are fairly evenly dispersed and mortality factors have had time to 

influence the year-class strength of the cohort. For example 

Champsocephalus gunnari hatch at about 12.5 mm total length in August to 

October. An average growth rate of 0.35 mm per day was observed during 
late November to mid January (1981/82), from a total length of 31.2 to 

52.0 mm (n=1135, r2 0.99). Mortality reduces their numbers throughout the 

larval period. In Cumberland East Bay at their depths of maximum abundance 
during darkness, in winter (1983) there were about 1 000 per 12x104 m3

, 

whereas, in summer (early 1987) about 300 per 13.3x103 m3
; a ratio of 30:1. 

Although these data are not strictly comparable it illustrates the point 

that abundance in terms of numbers is reduced as the cohort gets older. 

The optimum time to conduct a survey of this species is after all the 

larvae have hatched and are accessible to the sampling gear, and towards 

the end of their larval period when mortalities have made a significant 

impact on the year class strength. For Champsocephalus gunnari the period 

of mid-November to January may be a reasonable time of year with 

mid-December the optimum in an average year. 
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Table 1. Number of replicates 

Time of day Predawn Postdawn Predusk Postdusk 

Net depth m 

0-2 5 6 6 6 
0-70 5 6 5 6 

70-150 5 6 5 6 
150-250 4 6 5 6 
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FiguLe 11 Champsocephalus gunnari. 
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Figure 15 Pseudochaenichthys georgianus. 
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Figure 16 Chaenocephalus aceratus. 
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Figure 17 Muraenolepis rnicrops. 
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Figure 20 Champsocephalus gunnari. 
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Figure 21 Nototheniops larseni. 
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Figure 22 Pseudochaenichthys georgianus. 
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Figure 23 Chaenocephalus aceratus. 
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Figure 24 parachaenichthys georgianus. 
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Figure 25 Electrona antarctica. 
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Figure 26 CUmberland East Bay, station sampled along 1-3. 
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Figure 27 Champsocephalus gunnari. 
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Figure 28 Notothenia gibberifrons. 
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29 NotothenioEs larseni. 
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Figure 30 pagothenia hansoni. 
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Electrona antarctica. 

Baie est de Cumberland, station echantillonnee le long de 
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Encabezamiento de la Tabla 

Numero de observaciones. 

Leyendas de las Figuras 

Prospeccion de la zona de Georgia del Sur, estaciones de 
donde se tomaron muestras. 

Champsocephalus gunnari. 

Pagothenia hansoni. 

Nototheniops larseni. 

Notothenia kempi. 

Pseudochaenichthys georgianus. 

Psilodraco breviceps. 

Muraenolepis microps. 

Notolepis coatsi. 

Expedicion de prospeccion de depredadores-especies presa, 
estaciones de donde se tomaron muestras. 

Champsocephalus qunnari. 

Notothenia gibberifrons. 

Nototheniops 1arseni. 

Nototheniops rudifrons. 

Pseudochaenichthys georgianus. 

Chaenocephalus aceratus. 

Muraenolepis microps. 



Figura 18 

Figura 19 

Figura 20 

Figura 21 

Figura 22 

Figura 23 

Figura 24 

Figura 25 

Figura 26 

Figura 27 

Figura 28 

Figura 29 

Figura 30 

Ta6JUlI.(a 1 

PHCYHOK 1 

PHCYHOK 2 

PHCYHOK 3 

PHCYHOK 4 

PHCYHOK 5 

PHCYHOK 6 

PHCYHOK 7 

PHCYHOK 8 

PHCYHOK 9 
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Bahia Cumberland East, se indican las muestras a 10 largo 
de la linea de la estacion. 

Huevos de especie Notothenia. 

Champsocephalus gunnari. 

Nototheniops larseni. 

Pseudochaenichthys georgianus. 

Chaenocephalus aceratus. 

Parachaenichthys georgianus. 

Electrona antarctica. 

Bahia Cumber land East, estacion de donde se tomaron 
muestras a 10 largo de 1-3. (a) Ubicacion. (b) Seccion 
vertical. 

Champsocephalus gunnari. 

Notothenia gibberifrons. 

Nototheniops larseni. 

Pagothenia hansoni. 

3aronOBOK K Ta6nHue 

KOnHQeCTBO nOBTopoB. 

nonnHCH K pHcYHKaM 

Pa~OH npoBeneHHH c~eMOK Y IDmHo~ reoprHH, 
BwnonHeHHwe cTaHI.(HH co B3HTHeM npo6. 

Champsocephalus gunnari. 

Pagothenia hansoni. 

Nototheniops larseni. 

Notothenia kempi. 

Pseudochaenichthys georgianus. 

Psilodraco breviceps. 

Muraenolepis microps. 

Notolepis coatsi. 
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PI1CYHOK 10 Pelk no 113YlIeHI1JO CBR311 "XI1IItHI1K-:JKepTBa" , 
BWDonHeHHwe CTaHQl111 co B3RTI1eM np06. 

PI1CYHOK 11 Champsocephalus gunnari. 

PI1CYHOK 12 Notothenia gibberifrons. 

PI1CYHOK 13 Nototheniops larseni. 

PI1CYHOK 14 Nototheniops rudifrons. 

PI1CYHOK 15 Pseudochaenichthys georgianus. 

PI1CYHOK 16 chaenocephalus aceratus. 

PI1CYHOK 17 Muraenolepis microps. 

PI1CYHOK 18 3anl1B KaM6epnaHA HCT-6eA, np06w 6panl1Cb Ha 
CTaHQI1RX BAonb YKa3aHHoA nl1HI1I1. 

PI1CYHOK 19 HKpa BI1Aa Notothenia. 

PI1CYHOK 20 Champsocephalus gunnari. 

PI1CYHOK 21 Nototheniops larseni. 

PI1CYHOK 22 Pseudochaenichthys georgianus. 

PI1CYHOK 23 chaenocephalus aceratus. 

PI1CYHOK 24 Parachaenichthys georgianus. 

PI1CYHOK 25 Electrona antarctica. 

PI1CYHOK 26 3anl1B KaM6epnaHA HCT-6eA, np06w 6panl1Cb Ha 
CTaHQI1RX BAonb nl1Hl111 1-3. Ca) MecTOnOnO:JKeHl1e. 
Cb) BepTI1KanbHwA pa3pe3. 

PI1CYHOK 27 Champsocephalus gunnari. 

PI1CYHOK 28 Notothenia gibberifrons. 

PI1CYHOK 29 Nototheniops larseni. 

PI1CYHOK 30 Pagothenia hansoni. 
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RESULTS OF FISH STOCK ASSESSMENT SURVEY, SOUTH GEORGIA REGION, NOVEMBER 
- DECEMBER 1986 

W.L. Gabrie1 
(USA) 

Abstract 

Biomasses and length compositions of eight stocks from 
South Georgia are described based on results of a 
stratified random bottom trawl survey. A total of 124 
tows was undertaken between 29 November and 17 December 
1986 by the R.V. Professor Siedlecki using a Polish 
B-454 otter trawl. Biomass was estimated based on 
stratified swept-area calculations. Estimates of 
biomass of Notothenia rossii and Patagonotothen 
brevicauda ~entheri were an order of magnitude lower 
than observe by Kock in 1985. Abundance of 
Dissostichus eleginoides and pseudochanichthys 
georgianus appeared lower in 1986/87 than 1984/85, 
although not by an order of magnitude. Abundances of 
Notothenia gibberifrons and Chaenocephalus aceratus as 
estimated by this study and Kock were roughly equal. 
Abundance estimates of Chamsocephalus ~ari were 
larger in 1986/87 than 1984/85, probab~ue to good 
recruitment of 1983/84 and 1984/85 year classes. 
Coefficients of variation ranged from 67.9% (Notothenia 
squamifrons) to 12.6% (C. aceratus). 

Resume 

Les biomasses et 1es compositions en longueurs de'huit 
stocks de la Georgie du sud sont decrites a partir des 
resu1tats obtenus au cours d'une prospect ion stratifiee 
au cha1ut de fond effectuee au hasard. Bntre le 29 
novembre et le 17 decembre, le navire de recherche 
Professeur Sied1ecki a effectue un total de 124 traits 
au moyen d'un cha1ut a panneaux po1onais 8-454. La 
biomasse a ete estimee a partir de ca1cu1s portant sur 
une aire ba1ayee stratifiee. Les estimations de la 
biomasse de Notothenia rossii et de Pataqonotothen 
brevicauda quentheri etaient nettement inferieures a 
ce11es observees par Kock en 1985. L'abondance de 
Dissostichus e1eqinoides et de Pseudochaenichthys 
qeorqianus est apparue moindre en 1986/87 qu'en 1984/85, 
pas a un degre important cependant. Bn ce qui concerne 
l'abondance de Notothenia qibberifrons et de 
Chaenocepha1us aceratus, cette etude et ce11e entreprise 
par Kock ont abouti a des estimations sensib1ement 
ega1es. Les estimations d'abondance de Champsocepha1us 
qunnari etaient plus e1evees en 1986/87 qu'en 1984/85, 
probab1ement a cause d'un bon recrutement des classes 
d'age 1983/84 et 1984/85. Les coefficients de variation 
a11aient de 67,9% (Notothenia squamifrons) a 12,5% 
(c. aceratus). 
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Resumen 

Se describen las composiciones por biomasas y por tallas 
de ocho reservas de Georgia del Sur, en base a los 
resultados de una prospeccion de arrastre de fondo 
aleatoria estratificada. El buque de investigacion 
Professor Siedlecki emprendio un total de 124 remolques 
entre el 29 de noviembre y el 17 de diciembre de 1986 
usando un arrastre con puertas polaco B-454. La biomasa 
fue estimada en base a calculos estratificados de area 
barrida. Las estimaciones de la biomasa de Notothenia 
rossii y Pataqonotothen brevicauda quentheri fueron 
menores en un orden de magnitud que las observadas por 
Kock en 1985. La abundancia de Dissostichus eleqinoides 
y Pseudochaenichthys qeorqianus parecieron ser menores 
en 1986/87 que aquel1as de 1984/85, aunque no en un 
orden de magnitud. Las abundancias de Notothenia 
qibbertfrons y Chaenocephalus aceratus, tanto las 
estimadas en este estudio, como aquellasestimadas por 
Kock resultaron aproxtmadamente iguales.Las 
estimaciones de la abundancia de Champsocephalus qunnari 
fueron mayores en 1986/87 que aquellas de 1984/85, 
probablemente debido a un buen restablecimiento de las 
clases-ano de 1983/84 y 1984/85. ,El rango de los 
coeficientes de variacion fue de 67.9% (Notothenia 
squamifrons) a 12.6% 
(C. aceratus). 

PC310Me 

0l10MaCCa 11 COCTaB no AJlI1He AJUI BOChMI1 3anaCOB 
B pafioHe 1{)I{HOI1 rcoprl1l1 AaIOTC5I Ha OCHOBC 
pe3yJl hTaTOB nOCJlOI1HhlX BhI60pOt.[HhIX C'heMOK C 
I10MOLI(hlO AOHHoro TpaJla. Bccro B [[epl10A C 29 
H05l6p51 [[0 17 AeKa6p51 1986 r'. HI1C "npopcccop 
CI1AJlCUKI1" 6hlJl0 np0l13BeAeHO 124 TpaJleHI151 
nOJlhCKI1M OTTepTpaJlOM "B-454". 0l10MaCCa 
OUCHI1BaJlaCh Ha OCHOBC paCqeTOB [[0 nOCJlOI1HO 
npOTpaJleHHhlM nJloLI(aA5IM. OUCHKI1 6110Macchl 
Notothenia rossii 11 patagonotothen 
brevi cauda guentheri 6WJlI1 Ha nOp5lAOK HH.e, 
qCM TaKOBhle no Ha6JlIOACHH5IM KOKa B 1985 r. 
411CJICHHOCTh Dissostichus eleginoides 11 
Pseudochaenichthys georgianus OKa3aJlaCh 
MeHhllie B 1986/87 r., t.[CM B 1984/85 r., XOT5I 11 
He Ha [[OP5lAOK. OUCHKI1 t.[I1CJlCHHOCTI1 Notothenia 
gibberifrons 11 Chaenocephalus aceratus, 
nOJlyqeHHhle B AaHHol1 pa60Tc 11 KOKOM, 6h1JII1 
np116J111311TeJlhHO 0AI1HaKOBW. OUCHKI1 t.[I1CJleHHOCTI1 
Champsocephalus gunnari 6hlJII1 BblUIe AJI5I 
1986/87 r., t.[eM AJI5I 1984/85 r., B03MO.HO, B 
CB5I311 C ycnelUHblM [[OnOJIHCHI1CM 3a[[aCa l'OAOBbIlVlI1 
KJlaCCaMI1 1983/84 11 1984/85 r. r. KO:!l!fxpI1[\I1CHT 
Bapl1aTI1BHOCTI1 KOJlc6aJlc5I OT 67,9% (Nototheni~ 
sguamifrons) AO 12,6% (C. aceratus). 
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RESULTS OF FISH STOCK ASSESSMENT SURVEY, 

SOUTH GEORGIA REGION, 24 NOVEMBER - 17 DECEMBER 1986 

INTRODUCTION 

Wendy L. Gabriel1 

Northeast Fisheries Center 

National Marine Fisheries Service 

Woods Hole, Mass. U.S.A. 

The decline of groundfish stocks since the late 1970's in the South 

Georgia region has been documented for several years (e.g., Kock et al. 

1985). Of the major finfish resources, the decline in abundance of 

Notothenia rossii has been the most pronounced; by 1985, Kock (1985a) 

estimated stock size of N. rossii to be less than 10% of its original 

unexploited level. Declines in abundance of other species were estimated 

to be substantial between 1975/76 and 1980/81 (Kock et al. 1985). 

Regulation of the South Georgia groundfish fisheries was 

established in 1984 when the Commission for the Conservation of Antarctic 

Marine Living Resources adopted measures to rebuild stocks of N. rossii. 

Those measures included prohibition of commercial fishing within 12 miles 

of the island of South Georgia, implementation of a 12 mm minimum mesh size 

in fisheries directed toward N. rossii and Dissostichus eleginoides and 

implementation of a minimum mesh size of 80 mm in fisheries direction 

toward Notothenia gibberifrons, Notothenia kempi, Notothenia squamifrons, 

and Champsocephalus gunnari. The mesh measures were to become effective 

september 1985. In 1985, the Commission also recommended minimization of 

by-catch of N. rossii in other fisheries. 

1 Colleagues Dr Jozef Sosinski, Sea Fisheries Institute, Gdynia, Poland and 
Dr Krzysztof Skora, Marine Field Laboratory at Hel, Institute of 
Oceanography, Gdansk University Poland have not had the opportunity to 
review the content of this draft, but should be affiliated as authors 
because of their substantial past and future involvement and 
contribution. 
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The objective of this paper is to evaluate the current status of 

groundfish stocks, based on comparisons of estimates of stock biomass and 

length composition from research vessel surveys in 1984/85 (Kock 1985a, 

Kock 1985b) and 1986/87. 

METHODS 

Sampling was based on a stratified random survey design, in which 
stations were allocated to 100 m depth strata (stratum 1: 50-150 m, stratum 

2: 151-250 m, stratum 3: 251-500 m) roughly in proportion to the area 

within each stratum (Everson 1984). Within each stratum, stations were 

randomly assigned. (The design of Kock (1985a,b) is most similar, and 

consequently will serve as the basis for most of the comparisons here.) 

Thirty minute tows were made by the R.V. Profesor Siedlecki using a 

Polish B-454 otter trawl equipped with 80 mm mesh and a 20 mm liner. 

Distance between wing nets averaged 20.6 m, and headrope height was 

approximately 4 m. (Zaucha pers. comm.). Distance over bottom was 

recorded to the nearest tenth of a nautical mile (0.18532 km). 

A total of 124 tows were accomplished between 29 November and 17 
December 1986. Of 111 tows performed along the South Georgia coast, 95 

were considered standard (e.g., relatively little or no gear damage) 

(Figure 1). In the Shag Rocks region, 13 tows were made without a liner, 

of which 11 were considered standard. Sampling density was 1 successful 

tow/384 km2 along the South Georgia region and 1 tow/482 km2 in the Shag 

Rocks region. Of the 58 possible division/depth combinations described by 

Everson (1984), 11 were unsampled, (9.8% of the total area between 50-500 

m). Total trawlable biomass was estimated based on stratified swept-area 

calculations (SURVAN program, Kramer MS). 
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RESULTS 

Notothenia rossii 

Notothenia rossii occurred in 28 out of 95 hauls (26%) near South 

Georgia, primarily along the southeast and northern portions of the island 

(Figure 2). Eleven tows consisted of only one specimen, and 22 of the 28 

hauls contained three individuals or less. A single relatively large haul 

(457.6 kg) northeast of Cumberland fjords (stratum 2) accounted for over 

65% of the total biomass caught. Catch per tow (kg) and total biomass (mt) 

was lowest in stratum 1 (Table 1). 

In light of the relatively large proportion of zero catches and the 

similarity to a log-normal distribution of the non-zero catches, biomass 

was estimated based on the delta distribution (Pennington, 1983) and normal 

distribution (Table 2), to develop more precise estimators. 

From the survey data, N. rossii biomass was estimated to be 4 500 

mt (from the normal distribution) and 2 400 mt (from the delta 

distribution). These values are 35% and 19%, respectively, of the 1984/85 

estimates. Specimens ranged in length from 27-68 cm, with a mean length of 

47.1 cm, and few fish below 40 cm (Figure 3). 

Notothenia gibberifrons 

Notothenia gibberifrons occurred at 97% of the South Georgia 

stations and 73% of the Shag Rock stations. Largest catches were obtained 

north and southeast of South Georgia (Figure 4), with the single largest 

catch (204.8 kg) contributing 9% of total catch. 

Total biomass near South Georgia was estimated at approximately 

13 500 mt, over half of which was estimated to occur between 151-250 m, and 

about one third occurring between 251-500 m (Table 1). Mean lengths of 

17.9, 21.3 and 32.0 were observed in strata 1-3, respectively, with an 

overall mean length of 22.3 cm. Depending on the age-length schedule used, 
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modes at 8, 16 and 20 cm (Figure 5) would correspond to age groups 1-3, 

respectively; a mode expected near 26 cm (age 4) is not evident; and the 
peak at 38 cm would correspond to age 8 fish (1978;79 year class) (Boronin 

and Frolkina 1976, Shust and Pinskaya 1978, as tabulated in Kock et al. 

1985). If alternate age-length schedules are used (e.g., Skora 1980, in 

Kock et al. 1985), the 21-23 cm values would probably represent age 3-5 
fish, with relatively few age 6-8 year olds (25-29 cm). The peak at 37-38 

cm would then correspond to age 12 fish, the 1974;75 year class. Biomass 

at Shag Rocks was relatively low (400 mt), primarily found between 50-150 

m. Mean length in stratum 1 was estimated at 34.0 cm and 33.6 cm overall 
(age 9 under schedule of Skora, 1980; age 6 otherwise), and probably 

reflects the larger mesh size used there (Figure 6). 

Notothenia sguamifrons 

Notothenia squamifrons occurred at relatively few South Georgia 

stations (31%) but contributed to some of the largest hauls in the survey 
(5 226 kg and 2 355 kg/30 min. tow, division 65) (Figure 7). Catch per tow 

was highest between 251-500 m (on the west/southwest coast) and between 

200-250 m (on the northeast coast). The two largest hauls contributed 98% 

of the total biomass caught of this species. The species also occurred at 

shag Rocks, but at much lower densities (Tables 1,2). 

Biomass estimates based on a delta distribution were an order of 

magnitude lower than those based on a normal distribtion, 9 000 vs. 40 000 
mt, respectively (Table 2); and the former estimate appears more realistic, 

as distribution of haul values is described by the delta distribution much 

more accurately than the normal. Specimen lengths range from 10 to 49 cm 

(Figure 8), with overall mean length of 35.0 cm and modes at 14 cm, 29 cm 

and 40-42 cm. Patterns at Shag Rocks were less regular (Figure 9), based 

on only the 45 specimens caught in that region. 
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patagonotqthen brevi cauda guentheri 

This species occurred only in the Shag Rocks region (division 89, 

Everson 1984) in the two shallowest strata (Table 1). All observed lengths 

fell between 9 -22 cm, except for a single specimen at 27 cm. Modes were 

observed at 13 and 17 cm in both strata; however, the 13 cm mode was more 

pronounced at shallower stations (between 50-150 m) (Figure 10). Biomass 

estimates appear unrealistically low, below recent reported catch levels 

and an order of magnitude lower than previous survey estimates (Kock, 

1985b) (Table 2). 

Dissostichus eleginoides 

catches of Dissostichus eleginoides were largest at stations 

between 251-500 m in South Georgia and between 151-250 m at Shag Rocks 

(Table 1, Figure 11). The species occurred at 37% of the stations from 

South Georgia at catch rates between 0.1-86.0 kg/tow. At Shag Rocks, the 

species was ubiquitous, occurring at ten out of eleven of the stations, at 

catch rates between 1.0-32.0 kg/tow. 

Total biomass was estimated at 2 600 mt, with about one third of 

the biomass contributed by the Shag Rocks region (Table 2). Mean lengths 

of 16.6, 32.4 and 48.8 cm were observed from South Georgia strata 1-3, with 

an overall mean of 44.7 cm (Figure 12). At Shag Rocks, overall mean length 
was estimated at 38.3 cm (Figure 13). Length frequency distributions from 

both areas showed modes around 16-17 cm, 27 cm, 37-38 cm, 44-47 cm and 
52-53 cm, with only a few individuals greater than 55 cm. 

Champsocephalus gunnari 

Champsocephalus gunnari was ubiquitous throughout the survey 

region, occurring at all stations at South Georgia and nine out of eleven 
stations st Shag Rocks (Figure 14). Catch per tow ranged from 0.2-879.5 

kg/30 min tow. Most biomass was concentrated between 151-250 m (Table 1). 
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Biomass estimates of 61 000 mt in 1986/87 are comparable to below 

median levels observed between 1978-80 from virtual population analysis. 

The overall coefficient of variation of the biomass estimate (17.6%) is 
below the average for survey indices for Northwest Atlantic demersal 

species (NEFC, MS). Mean fish length by stratum increased with depth from 

22.4 to 26.5 and 27.5 cm in strata 1-3 (South Georgia), respectively, 

averaging 25.2 cm overall (Figure 15). Modes at 14, 22 and 26 cm 

correspond to fish aged 1, 2 and 3. The shift in the length frequency 

distribution to a mode at 24 cm on Shag Rocks (Figure 16) may reflect 

differential distribution of the year class by size, and more likely, the 

use of unlined 80 mm mesh in that area. 

pseudochaenichthys georgianus 

Highest catch rates of Pseudochaenichthys georgianus were obtained 

from stations on the eastern side of South Georgia, at depths greater than 

151 m (Figure 17, Table 1). The species occurred at 79% of the South 

Georgia stations at catch rates between 0.1-58.0 kg/tow. 

Total biomass was estimated at 5 200 mt, slightly over half of 

which was concentrated between 151-250 m. OVerall mean length was 37.2 cm, 

with a strong mode at 33-34 cm, probably representing age 3 fish (Figure 

18). The upper mode(s) (48-51 cm) probably include fish aged 6-7 or 8 
(depending on published curve used) (Kock et al. 1985). 

Chaenocephalus aceratus 

Chaenocephalus aceratus was most abundant in the eastern and 

southeastern shelf of South Georgia (Figure 19), primarily at depths 

between 151-250 m (Table 1). The species was observed at 84% of the South 

Georgia stations; maximum catch in a single haul was 162.4 kg. 
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Total biomass was estimated at 11 700 mt. Observed lengths ranged 

between 13-76 cm, with an overall mean length of 34.2 cm (Figure 20). In 

contrast to most patterns of increasing fish size with depth, mean length 

in this case decreased with depth, from 49.8 to 34.8 and 32.3 cm in strata 
1-3, respectively. A combined series of three adjacent stations north of 

Clerke Rocks between 250-500 m produced 19% of the total number of 

individuals estimated caught, with a strong mode at 25 cm. Seventy-one 

fish were measured from stations in stratum 1, representing almost the 

entire catch from the stratum; 89% of those fish were 40 cm or above. 

Successive modes in the length frequency distribution of 15, 25, 34, 42 and 

50 cm correspond to published mean lengths at ages 1, 2, 3, 5 and likely 6 

(Kock et al 1985); an expected mode corresponding to age 4 fish between 

36-40 cm was not present. Length at 50% maturity has been estimated at 

around 46-47 cm (approximately age 6) and 95% maturity between 52-57 cm 

approximately age 7 (Kock et al. 1985). Consequently, it appears that 

about 10% of the population is between 50-95% mature (e.g. 46-51 cm) and 

only 12% of the current population is fully sexually mature (e.g. ~52 cm): 

DISCUSSION 

Even though biomass estimates of N. rossii by Kock (1984a) and this 

study have relatively large associated variances, it is far more likely 

that the stock has continued to decline in recent years rather than 

stabilizing or rebuilding. The two largest single hauls in this study were 

both only 10% of the two largest hauls observed in 1984/85. The mean 

length (47.1 cm) was almost 3 cm smaller than observed in 1984/85 (49.9 
cm), and was close to the length at 50% maturity for females (Kock 1986a)i 

the mode has also shifted downward from 50 to 44 cm. (It remains to be 

investigated if length at sexual maturity has continued to decrease since 

1984/85 (Kock 1985a)). 

Biomass estimate for N. gibberifrons of 15 800 mt in 1984/85 and 

14 000 mt in 1986/87 are not significantly different given the variability 

of the estimates. Based on length frequency distributions from South 

Georgia, recruitment appeared to be declining in recent cohorts in the 



- 152 -

25-29 cm length range : the peak at 38 ,cm is consistent with the large 
1974;75 year class identified in previous virtual population analyses, when 

consistent age/length schedules are used. Relatively large numbers of 

pre-recruits «25 cm) may provide some opportunity to improve the status of 

this stock in the near future. 

The extremely low biomass estimate for P. b. guentheri likely 

reflects the use of bottom trawl to sample a semi-pelagically distributed 

species. In that case, the difference in headrope height between this 
survey (approximately 4 m.) and the Federal Republic of Germany survey (6 

m.) may also contribute to the lower estimate. Modes in the length 

frequency observed in this study are consistent with those observed by Kock 

(1985b), if interpreted using a growth curve developed by Soviet 

investigaotrs (Anon. 1984). In that case, modes observed in 1984/85 at 10 
and 15 cm in January/February would correspond to fish ages 2 and 3 

(1982/83 and 1981/82 year classes) (Figure 21). Modes observed here 

(November) at 13 and 17 would correspond to fish ages 3 and 4 (1983/84 and 
1982/83 year classes), while the shoulder at 19 cm would correspond to fish 

age 5 (1981/82 year class). In that context, the low proportion of 

individuals greater than 16 cm observed by Naumov et al. (1983) in February 

1978;79 may reflect low abundance of fish above age 3, or poor recruitment 

in year classes before 1976;77. This would be consistent with reports of 
no commercial catches of P. b. guentheri before 1978;79. 

The estimated biomass.of Dissostichus eleginoides is about 70% 
lower than in 1984/85 (Kock 1985b). Length frequency distributions contain 

few individuals over 55. cm, in contrast to 1984/85, when a significant 

proportion of fish were between 55-70 cm. CUrrently, nearly all of the 

population is likely to be sexually immature (Kock et al., 1985). 

The 1987 estimate of C. gunnari biomass is three to four times that 

found by the 1985 Federal Republic of Germany survey (Kock 1985b, Table 2). 

Biomass estimates for this species are conservative : a) additional fish 

were observed using hydroacoustic gear at heights above the head rope during 

trawling and b) additional individuals on Shag Rocks may have been present 

but not retained by the mesh. The increase appears to be due to the 
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relatively strong presence of age 2 fish. Part of this cohort is already 

vulnerable to the fishery, based on length frequency results from 80 mm 

mesh used on Shag Rocks. The 1985/86 year class looks relatively small, 

however. 

Biomass estimates of Ps. georgianus have dropped by about a third 

since 1984/85 (Kock 1985b). Length frequency distributions indicate a 
relatively strong 1983/84 year class that would be expected to reach length 

of 50% maturity by the end of 1987/88 or the beginning of 1988/89. 

Although estimates of biomass of C. aceratus have been relatively 

constant over time (10 013 mt, 1982/83 (Slosarczyk et al. 1984); 11 542 mt, 

1984/85 (Kock 1985b); 11 742 mt 1986/87), the age structure of the 

population appears to have changed markedly, even since 1984/85. When 

length frequencies 30 cm or greater are considered, in 1984/85 about half 

the fish were at or above length of 95% maturity and a quarter of fish wer~ 

below length of 50% maturity (Kock 1985b). By. 1986/87, the situation was 

reversed : half the fish were below length of 50% maturity and about a 

quarter were at or above length of 95% maturity. Thus, although biomass 

estimates appear stable, the fraction of the biomass that is sexually 
mature seems to be decreasing, with the attendant increasing risk of 
recruitment overfishing. 
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Table 1 Estimates of mean trawlable biomass and coefficients of 
variation by depth strata, November-December 1986/87. 

Stratum 

50 - 150 m. 151 - 250 m. 251 - 500 m. Combined 

Minimum Coef. Minimum Coef. Minimum Coef. Minimum Coef. 

biomass var. biomass var. biomass var. biomass var. 
(mt) (%) (mt) (%) (mt) (%) (mt) (%) 

N. rossi i 
South Georgia 131 38.7 3636 83.9 761 95.1 4528 69.2 

N. gibberifrons 
Shag Rocks 349 54.4 51 46.5 400 47.9 

South Georgia 1920 47.7 7567 15.8 4057 33.0 13544 14.9 

N. squamifrons 
Shag Rocks 22 64.0 15 99.8 37 55.6 
South Georgia 3 99.6 59 52.1 39930 76.3 39991 76.2 

P. b. guenther i 
Shag Rocks 119 94.6 224 48.4 343 45.5 

D. e1eginoides 
Shag Rocks 202 40.7 433 57.1 335 99.8 969 43.7 
South Georgi a 5 85.7 50 36.4 1546 35.2 1601 34.0 

C. gunnari 
Shag Rocks 5551 87.4 4992 60.8 10543 54.3 
South Georgia 10224 62.7 32634 18.5 7556 29.5 50414 18.0 

Ps. georgianus 
South Georgia 483 44.4 3253 20.2 1503 25.1 5240 15.0 

Ch. aceratus 
South Georgi a 551 40.2 7659 16.2 3533 21. 7 11743 12.6 

Number of hau 1s 
Shag Rocks 3 6 2 11 
South Georgia 19 47 29 95 
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Table 2 Comparisons of estimates of mean trawlable biomass, standard 
deviation and coefficient of variation based on normal and delta 
distributions, November-December 1986/87, and relative to 
estimates by Kock (1985), January-February 1984/85. 

Shag Rocks South Georgia Combined 

Minimum Std. Coef. Minimum Std. Coef. Minimum Std. Coef. 

biomass dev. var. biomass dev. var. biomass dev. var. 

(mt) (%) (mt) (%) (mt) (%) 

N. rossi i 4528 3134 69.2 4528 3134 69.2 

Delta 2384 994 41. 7 2384 994 41.7 

Kock (1985) 12781 12768 99.9 

N. gibberifrons 400 191 47.9 13544 2018 14.9 13944 2027 14.5 

Kock (1985) 15762 4476 28.4 

N. squamifrons 37 21 55.6 39991 30468 76.2 40028 30468 76.1 

Delta 39 23 59.0 8997 6133 68.2 9036 6132 67.9 

P. b. guentheri 343 156 45.5 343 156 45.5 

Kock (1985) 7256 3417 47.1 

D. eleginoides 969 423 43.7 1601 545 34.0 2570 690 26.8 
Kock (1985) 8159 6242 76.5 

C. gunnari 10543 5723 54.3 50414 9073 18.0 60957 10727 17 .6 
Kock (1985) 15821 16042 101.4 

Ps. georgianus 5240 787 15.0 5240 787 15.0 
Kock (1985) 8134 2684 33.0 

Ch. aceratus 11743 1478 12.6 11743 1478 12.6 
Kock (1985) 11542 4686 40.6 
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Repartition de la prise par trait, Pseudochaenichthys 
qeorqianus, Georgie du SUd. 

Repartition des frequences de 10ngueur, Ps. qeorqianus, 
Georgie du SUd. 

Repartition de la prise par trait, Chaenocephalus aceratus, 
Georgie du SUd. 

Repartition des frequences de 10ngueur, Ch. aceratus, 
Georgie du SUd. 

Comparaison des repartitions de. frequences de 10ngueur, 
P.b. quentheri, Rochers Shag, decrites par Naumov et al. 
1979, Kock 1985 et cette etude. 

Encabezamientos de las Tablas 

Estimaciones de la biomasa arrastrable media y de 10s 
coeficientes de variacion por estratos de profundidad, 
noviembre-diciembre de 1986/87. 

Comparaciones de las estimaciones de la biomasa arrastrable 
media, la desviacion estandar y 10s coeficientes de 
variacion, basadas en distribuciones normales y delta, 
noviembre-diciembre de 1986/87 y relativas alas 
estimaciones realizadas por Kock (1985), enero-febrero de 
1984/85. 

Leyendas de las Fiquras 

Ubicaciones de las estaciones, Georgia del Sur, buque de 
investigacion Professor Siedlecki, 29 de noviembre - 17 de 
diciembre de 1986. 

Distribucion de la captura por remolque, Notothenia rossii, 
Georgia del Sur. 

Distribucion de la frecuencia de tallas, N. rossii, Georgia 
del Sur. 

Distribucion de la captura p~r remolque, Notothenia 
gibberifrons, Georgia del Sur. 



Figura 5 

Figura 6 

Figura 7 

Figura 8 

Figura 9 

Figura 10 

Figura 11 

Figura 12 

Figura 13 

Figura 14 

Figura 15 

Figura 16 

Figura 17 

Figura 18 

Figura 19 

Figura 20 

Figura 21 
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Distribucion de la frecuencia de ta11as, N. gibbe'rifrons, 
Georgia del Sur. 

Distribucion de la frecuencia de ta11as, N. gibberifrons, 
Shag Rocks. 

Distribucion de la captura por remolque, Notothenia 
sguamifrons, Georgia del Sur. 

Distribucion de la frecuencia de tallas, N. sguamifrons, 
Georgia del Sur. 

Distribucion de la frecuencia de tallas, N. sguamifrons, 
Shag Rocks. 

Distribucion de la frecuencia de tallas, P.b. guentheri, 
Shag Rocks. 

Distribucion de la captura por remolque, Dissostichus 
eleginoides, Georgia del Sur. 

Distribucion de la frecuencia de tallas, D. eleginoides, 
Georgia del Sur. 

Distribucion de la frecuencia de tallas, D. eleginoides, 
Shag Rocks. 

Distribucion de la captura por remolque, Champsocephalus 
gunnari, Georgia del Sur. 

Distribucion de la frecuencia de tallas, C. gunnari, 
Georgia del Sur. 

Distribucion de la frecuencia de tallas, C. gunnari, Shag 
Rocks. 

Distribucion de la captura por remolque, Pseudochaenichthys 
georgianus, Georgia del Sur. 

Distribucion de la frecuencia de tallas, Ps. qeorqianus, 
Georgia del Sur. 

Distribucion de la captura por remolque, Chaenocephalus 
aceratus, Georgia del Sur. 

Distribucion de la frecuencia de tallas, Ch. aceratus, 
Georgia del Sur. 

comparacion de las distribuciones de la frecuencia de 
tallas, P.b. quentheri, Shag Rocks, descritas por Naumov et 
al. 1979, Kock 1985 y el presente estudio. 
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3aronOBKH K Ta6nHuaM 

OqeHKH cpeAHe~ BenHqHHW 6HOMaccw npoMwcnoBo~ 
qaCTH 3anaca H K03cj:xpHqHeHTbl BapHaTHBHOCTH no 
ropH30HTaM, HOH6pb-AeKa6pb 1986/87 r. 

CpaBHeHHe oqeHoK cpeAHe~ BenHqHHW 6HOMaccw 
npoMblcnoBo~ qaCTH 3anaca, CTaHAapTHoro OTKnOHeHHH 
H K03cj:xpHqHeHToB BapHaTHBHOCTH, OCHOBaHHoe Ha 
HopManbHOM pacnpeAeneHHH H pacnpeAeneHHH HyneBoro 
nopHAKa, HOH6pb-AeKa6pb 1986/87 r., H COOTHeceHHe 
C oqeHKaMH, nonyqeHHblMH KOKOM (1985 r.), 
HHBapb-~eBpanb 1984/85 r. 

PHCYHOK 1 MecTonono*eHHe cTaHqH~, ~HaH feoprHH, HHC 
"npocpeccop CHAneUKH", 29 HOH6pH-17 AeKa6pH 1986 r. 

PHCYHOK 2 PacnpeAeneHHe BenHqHH ynoBa 3a OAHO TpaneHHe, 
Notothenia rossii, IO)lmaH feop rHH. 

PHCYHOK 3 qacToTHoe pacnpeAeneHHe AnHH, N. rossii, ~HaH 
feoprHH. 

PHCYHOK 4 PacnpeAeneHHe BenHqHH ynoBa 3a OAHO TpaneHHe, 
Notothenia gibberifrons, ~HaH feoprHH. 

PHCYHOK 5 qacToTHoe pacnpeAeneHHe AnHH, N. gibberifrons, 
~HaH feoprHH. 

PHCYHOK 6 qacToTHoe pacnpeAeneHHe AnHH, N. gibberifrons, 
CKanbl liar. 

PHCYHOK 7 PacnpeAeneHHe BenHqHH ynoBa 3a OAHO TpaneHHe, 
Notothenia squamifrons, ~HaH feoprHH. 

PHCYHOK 8 qacToTHoe pacnpeAeneHHe AnHH, N. squamifrons, 
~HaH feoprHH. 

PHCYHOK 9 qacToTHoe pacnpeAeneHHe AnHH, N. squamifrons, 
CKanbl liar. 

PHCYHOK 10 qacToTHoe pacnpeAeneHHe AnHH, P.b. guentheri, 
CKanbl liar. 

PHCYHOK 11 PacnpeAeneHHe BenHqHH ynoBa 3a OAHO TpaneHHe, 
Dissostichus eleginoides, ~HaH feoprHH. 

PHCYHOK 12 qacToTHoe pacnpeAeneHHe AnHH, D. eleginoides, 
~HaH feoprHH. 

PHCYHOK 13 qacToTHoe pacnpeAeneHHe AnHH, D. eleginoides, 
CKanbl liar. 

PHCYHOK 14 PacnpeAeneHHe BenHqHH ynoBa 3a OAHO TpaneHHe, 
champsocephalus gUnnari, ~HaH feoprHH. 
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PWCYHOK 15 qacToTHoe pacnpeAeneHwe AnWH, c. qunnari, IOmHaR 
reoprwR. 

PWCYHOK 16 qacToTHoe pacnpeAeneHwe AnWH, c. qunnari. CKanbl 
llIar. 

PWCYHOK 17 PacnpeAeneHwe BenWqWH ynoBa 3a OAHO TpaneHwe, 
Pseudochaenichthys qeorqianus, IOmHaR reoprwR. 

PWCYHOK 18 qacToTHoe pacnpeAeneHwe AnWH, Ps. qeorqianils, 
IOmHaR reoprwR. 

PWCYHOK 19 PacnpeAeneHwe BenWqWH ynoBa 3a OAHO TpaneHwe, 
Chaenocephalus aceratus, IOmHaR reoprwR. 

PWCYHOK 20 qacToTHoe pacnpeAeneHwe AnwH, Ch. aceratus, IOmHaR 
reoprWR. 

PWCYHOK 21 CpaBHeHwe qaCTOTHblX pacnpeAeneHwM AnWH, - P.b. 
quentheri, CKanbl llIar; onwcaHbl B: HaYMoB W AP., 
1979 r., KOK, 1985 r., W B HacToR~eM pa6oTe. 
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SC-CAMLR-VI/BG/40 
(WG-FSA-87/10) 

ANALYSIS OF CHANGES IN BIOMASS OF FISH STOCKS IN THE SOUTH GEORGIA AREA IN 
1976/77-1986/87 

M. Mucha and W. Slosarczyk 
(Poland) 

Abstract 

The swept area method was used to estimate biomass 
density changes in the stocks of five fish species 
(Champsocephalus gunnari, Chaenocephalus aceratus, 
pseudOchaenichthys ~eorgianus, Notothenia gibberifrons 
and Notothenia ross1i marmorata) in the South Georgia 
area in the seasons 1976;77-1986/87. In most of the 
seasons analysed, the estimates covered a near-bottom 
layer in about 1/6 of the area of the island shelf. 

Assessment results point to considerable variations in 
fish biomass density, in the studied period. Estimates 
of fish stocks biomass ranged from 43 to 158 thousand 
tons. The changes in the biomass level are first of all 
a result of periodical fluctuations in the biomass 
density of C. ~ari stock. High biomass aensity 
appeared with ~year intervals after recruiting an 
abundant year-class to the exploited stock. The biomass 
of other bottom species is more stable, especially in 
the case of N. gibberifrons. Recently, an increase in 
the C. aceratus stock has been observed and, at the same 
time, there has been a gradual decline in the 
P. georgianus stock. 

La methode de l'aire balayee a ete utilisee pour estimer 
les changements de densite de la biomasse dans les 
stocks de cing especes de poissons (Charnpsocephalus 
qunnari, Chaenocephalus aceratus, Pseudochaenichthys 
georgianus; Notothenia gibberifrons et Notothenia rossii 
marmorata) dans la zone de la Georgie du Sud au cours 
des saisons 1976/77-1986/87. Dans la plupart des 
saisons analysees, les estimations portaient sur une 
couche proche du fond et couvraient environ 1/6 de la 
superficie du plateau de l'ile. 

Les resultats d'evaluation indiguent des variations 
considerables dans la densite de la biomasse 
ichtyologigue pour la periode etudiee. Les estimations 
de la biomasse des stocks ichtyologigues variaient de 
43 000 a 158 000 tonnes. Ces variations sont tout 
d'abord le resultat de fluctuations periodigues dans la 
densite de la biomasse du stock de C. gunnari. Une 
forte densite de la biomasse est apparue a des 
intervalles de 2-4 ans apres le recrutement d'une 
abondante classe d'age dans le stock exploite. La 
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biomasse des autres especes de fond est plus stable, 
surtout dans le cas de N. gibberifrons. Une 
augmentation du stock de C. aceratus a recemment ete 
remarquee alors que le stock de P. georgianus a connu 
une baisse graduelle. 

Resumen 

Se uso el metodo del area barrida para estimar 105 
cambios en la densidad de la biomasa en las reservas de 
cinco especies de peces (Champsocephalus gunnari, 
Chaenocephalus aceratus, Pseudochaenichthys georqianus, 
Notothenia gibberifrons y Notothenia rossii marmorata) 
en el area de Georgia del Sur en las temporadas de 
1976/77-1986/87. En la mayor parte de las temporadas 
analizadas, las estimaciones cubrieron una capa cercana 
al fondo en alrededor de 1/6 del area de la plataforma 
de la isla. 

Los resultados de la evaluacion apuntan a considerables 
variaciones en la densidad de la biomasa de 105 peces en 
el periodo estudiado. Las estimaciones de la biomasa de 
las reservas de peces variaron de 43 a 158 miles de 
toneladas. Los cambios en el nivel de la biomasa son 
antetodo el resultado de las fluctuaciones periodicas 
en la densidad de la biomasa de la reserva de 
C. gunnari. Una alta densidad de biomasa aparecio con 
intervalos de 2-4 anos luego de restablecer una 
abundante clase-ano a la reserva explotada. La biomasa 
de las otras especies de fondo es mas estable, 
especialmente en el caso de N. gibberifrons. 
Recientemente se ha observado un aumento en la reserva 
de C. aceratus y, al mismo tiempo, ha habido una gradual 
declinacion en la reserva de P. georgianus. 

Pe3IOMe 

,l{JIH oQeHKH H3MeHeHHH B nJIOTHOCTH 6HoMaccbl 
3anaCOB nHTH BHAoB phl6hl (Champsocephalus 
gunnari. Chaenocephalus aceratus. 
Pseudochaenichthys georgianus. Notothenia 
gibberifrons H Notothenia rossii marmorata) 
B paHoHe ~HOH feoprHH B ce30Hhl 1976/77-
1986/87 rr. HCnOJIb30BaJICH MeTOA npOTpaJIeHHhlX 
nJIO~aAeH. B TeqeHHe 60JIbWHHCTBa 
npOaHaJIH3HpOBaHHhlX ce30HOB npoBeAeHHaH OQeHKa 
OXBaThlBaJIa npHAoHHhlH CJIOH npHMepHO Ha 1/6 
nJIO~aAH OCTpOBHoro WeJIb~a. 

Pe3YJIbTaThl oQeHKH YKa3blBaIOT Ha cy~ecTBeHHble 
BapHaQHH B BeJIHqHHe nJIOTHOCTH 6HOMaCChl phl6hl B 
paCCMaTpHBaeMblH nepHoA. OQeHKH 6HoMaCChl Pbl6HblX 
3anaCOB BapbHpOBaJIHCb OT 43 AO 158 ThlCHq TOHH. 
H3M~HeHHH BeJlHqHHhl 6HOMaCCbl HBJIHIOTCH B nepByIO 
oqepeAb pe3YJIbTaTOM nepHOAHqeCKHX ~JIYKTyaQHH B 
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nnOTHOCTH 6HOMaCCbl 3anaCa C. qunnari. 
BhlCOKaH nnOTHOCTb 6HOMaCChl B03HHKana C 
HHTepBanOM B 2-4 rOAa nocne BxomAeHHH 
MHorO'IHcneHHoro rOAOBoro KJlaCCa B npOMhlcnOBblH 
3anac. BenH'IHHa 6HOMaCCbl APyrHx npHAoHHblX 
BHAOB 60nce nOCTOHHHa, oco6eHHO B cnY'lae N..:.. 
gibberifrons. HeAaBHO Ha6nlOAaJIOCb YBenH'IeHHe 
3anaca C. aceratus, M B TO me BpeMH 
npoHcxoAHno nOCTeneHHoe COKpa~eHHe 3anaca ~ 
georgianus. 
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ANAYLSIS OF CHANGES IN BIOMASS OF FISH STOCKS 

IN TIiE SOUTH GEORGIA AREA IN 1976;77-1986/87 

M. Mucha and W. Slosarczyk 

Sea Fisheries Institute, Gdynia, Poland 

1. INTRODUCTION 

Beginning with the second half of seventies, a number of biomass 

estimates of fish in the Antarctic appeared in print. Three independent 

methods of calculation may be generally distinguished: (1) based on annual 
production of fish biomass in a selected area (Everson 1977) as well as on 

annual consumption of fish by Antarctic birds and mammals (Laws 1977), (2) 

based on swept area (Hureau 1979; Kock 1981, 1985; Mucha 1982; Slosarczyk 
et al. 1985) and (3) based on Virtual Population Analysis (Anon. 1985, 

1986). The swept area methods, widely-used, especially on fishing grounds 

exploited by the fishery, yield acceptable biomass estimates (Kock, Duhamel 

and Bureau 1985). This method was used to estimate the biomass of five 
species of fish caught by the Polish fiShery in selected subdivisions of 

the South C~orgia shelf in the 1976;77-1986/87 seasons. The present study 

is a follow-up to an earlier paper by Slosarczyk et al. (1985) and, at the 

same time, offers a repeated analysis of these investigations from the 

1976;77-1986/87 period. The authors' objective was to examine the changes 

in the stocks of fish inhabiting the near-bottom zone located in five 

statistical subdivisions (56, 57, 60-62 acc. to Everson 1984), exploited 

regularly by the Polish fishery, in the 11 years of observations (Figure 

1). 

2. MATERIAL AND METHOD 

The biomass estimates of fish stocks in the 1983/84-1986/87 period 

were prepared, just like' in the earlier period, on the basis of data 

collected by observers from the Sea Fisheries Institute on board the 

trawlers Taurus (1983/84 and 1984/85) and Carina (1985/86) as well as the 

analysis of fishing logs of the F.V. Manta (1986/87), supplemented by 

observations from R.V. Professor Siedlecki (1986/87) (Table I). 
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Due to the fact that the results of sample hau1s of our research 
vessel are available for only two fishing seasons (1978;79 and 1986/87), 
only catch rJsults of fishing vessels were used here. On the one hand, 
this reduces the range of possible conclusions from calculations based on 
such material, on the other it enables a comparison of changes in the size 
and structure of fisb biomass in eight out of eleven fishing seasons in the 
period studied. Catch results of the research vessel Professor Siedlecki 

could not be used in this analysis because of distinctly lower CPUE's 
attained by this vessel as compared with a standard trawler of similar 
tonnage, engine power and trawl dimensions. This was especially visible in 
the 1986/87 season, when catch results of a trawler were much higher 
although both vessels fished at the same time and on the same fishing 
grounds. It was partly a result of the more extensive fishing experience 
of the trawler's master and a better knowledge of the local fishing 

grounds. 

Fish stock biomass was estimated in three depth zones : 50-150, 

150-250 and 250-500 m. Mean relative biomass density was calculated 
without additional density stratification, for each depth zone, separately 

in each statistical subdivision. This means that in comparison with our 
earlier estimates (Mucha 1982; Slosarczyk et al 1985) our assumptions were 
more cautious when estimating the biomass, which was calculated only for 
those depth zones within the subdivisions, for which CPUE was known; the 
results were not extrapolated for a wider comparable area of the shelf. In 

most of the seasons analysed, the estimates covered about 1/6 of the area 
(6.3 thousand km2

) of the whole shelf of the island, where the majority of 
fishing grounds traditionally exploited by Polish fishermen are located and 
from which the results of our long-term observations come (Figure 1). Only 
results of catches made with a bottom trawl, a length of headline of 32 or 
36 m and a horizontal opening of 17.5 or 24 m were used in the calculations 
(Table I). Hauls made with a midwater trawl, even towed near the bottom, 

were disregarded, since estimates based on those data are not comparable 

with the calculations based on bottom trawl hauls (Slosarczyk et al. 1985, 

Annex 1). Because detailed published information about the catching 
efficiency of the bottom trawls is not available, a catchability 
coefficient of C = 1 was assumed. 
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3. RESULTS AND DISCUSSION 

There has been a number of attempts to estimate the biomass of fish 
stocks off South Georgia with the swept area method (Anon. 1980; Kock 1981, 

1985; Mucha 1982; Slosarczyk et al. 1985). These estimates are in most 
cases incomparable with each other because of some differences in method 
used, the kind of information serving as the basis of calculations 
(research or commercial fishery catches) as well as differences in the 
interpretation of the results obtained. The present study attempts to 
evaluate the extent of changes in the size of fish stocks off South 
Georgia, calculated by the swept area method in the past eleven years, on 
the basis of homogeneous data coming from one type of vessel, one type of 
gear and one method of fishing. 

According to our estimates, the size of the biomass of fish in the 
near bottom water layer of the South Georgia shelf, in the depth zone of 
50-500 m, in subdivisions 56, 57, 60-62 fluctuated in 1977-1987 period from 
43 to 158 thousand tons (Table 11, Figure 2). 

In the seasons of 1978/79, 1979/80 and 1982/83, from which 
information for calculations was not available, the size of the biomass 
could have been lower or higher than the range of values given above, 
judging by the level of total catches of fish on the South Georgia grounds 
(Anon. 1986). OUr previous estimates of fish biomass from that area 
(Slosarczyk et al. 1985) also exceed the 43-158 thousand tons range. This 
is a result of the fact that those estimates were based on a larger shelf 
area (over 12 thousand km2

) as well as a different extrapolation method of 
biomass density on the surface of individual depth zones. 

Champsocephalus gunnari 

Substantial influence on the results of biomass estimates for this 

species and total biomass was exerted by great changes in biomass density 
of C. gunnari in some subdivisions and some depth zones, as a result of 
which three distinct peaks of its biomass (Table Ill, IV; Figures 3,4) were 
observed within the past eleven fishing seasons. Most probably there was a 
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fourth peak in the 1982/83 season, because of very large catches of 
C. gunnari (~28.2 thousand tons) in this area (Anon. 1986). A decisive 
factor in the high estimate of total biomass in the 1976;77 season was the 

high biomass density of C. gunnari in subdivision 56, in the 150-250 m zone 
(94.2 t/km2) as well as equally high density values in subdivision 57, 
depth zones of 150-250 and 250-500 m (Table IV, Figure 4). In the 1980/81 
season relatively high density values for C. gunnari uniformly distributed 
in the wide zone of shallow waters (50-150 m) of subdivision 62 had a 
decisiv~ influence on the size of total fish biomass (Table IV, Figure 4). 

Similarly, in the 1986/87 season, the high biomass density of c. gunnari in 
the shallow-water area (50-150 m), in subdivision 62, as well as relatively 

high density in the wide 150-250 m zone of subdivisions 61 and 62 (Table 
IV, Figure 4) influenced the high result of the total fish biomass 

estimate, as compared with the previous seasons. 

In the 1976;77 season, when the first peak biomass level of 
c. gunnari was observed, the catches were composed mainly of fish belonging 
to age-groups IV-VIII, with a length of 35-42 cm. The structure of the 
exploited c. gunnari stock in two later seasons characterized by high 

biomass densities was quite different. In both of them, 3-year old fish 

predominated - with a length of 22-33 cm in 1980/81 (December-February, 
fish length measurement on board the fishing vessel), and a length of 21-30 

cm in 1986/87 (November-December, data from research catches). 

The periods of relatively low biomass of c. gunnari in our study 

comprise seasons 1977;78-1978;79, 1981/82 and 1983/84-1985/86. In the 
first period, this is an indirect result of the finding of abundant fishing 

grounds for c. gunnari and other Channichthyidae in the southern part of 

the Scotia Arc. and a decline in interest of the fleet in a search for 
concentrations of fish in the South Georgia area. It is thus likely that a 
sudden drop in the biomass level in our study between the 1976;77 and 
1978;79 seasons was not exclusively caused by intensive catches in the 
first season. Low biomass estimates in relation to the size of world 
catches in the eighties result from the fact that our biomass estimate is 

based solely on bottom hauls (in order to render the data comparable in the 

whole period under study), while a substantial part of the catches of this 
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species came from mid-water trawls, more efficient in taking fish out of 
reach of a bottom trawl. These differences are visible most of all in the 

1981/82 and 1983/84 seasons (of Anon. 1986). A trial biomass estimate of 

the c. gunnari stock by the swept area method on the basis of data from a 

mid-water trawl, made in the 1983/84 season (Slosarczyk et al. 1985, Annex 

1) showed that such an estimate may be 2.5-3 times higher than a biomass 
estimate of c. gunnari based on bottom trawl data. 

Chaenocephalus aceratus 

Estimate results point to a gradual increase in the biomass of this 

species from a level of 3 thousand tons in the 1977;78 season to 18.5 

thousand tons in the last season (Table Ill, Figure 3). A distinct 

increase in biomass density in most of the subdivisions was especially 
visible after the 1981/82 season (Table IV, Figure 5). This is reflected 

in the twofold increase of the estimated biomass between the 1981/82 and 

1983/84 seasons (Table Ill). Only to a small degree could this be a result 

of new fishing tactics used. Both in the pre-1982/83 seasons (Slosarczyk 

et al. 1985) and in the 1983/84-1986/87 period, fishing operations were 

direct~d mainly at C. gunnari. In the seasons in which mixed catch~s 
prevailed (1977;78 and 1984/85), when higher CPUE of C. aceratus could have 

been expected, higher biomass density may be observed only in the latter 

season (Table IV). In the first of them, despite high CPUE of 

P. georgianus and N. gibberifrons, occurring in the fishing ground along 

with C. aceratus, the CPUE of the latter was low and the level of the 

estimated biomass, the lowest among those observed in the eleven seasons 

(Table Ill). 

Prior to the 1977;78 seaons, large fish with lengths of 30-65 cm, 

age-groups Ill-IX, predominated in the catch. In the 1978;79-1981/82 

period the stock was visibly rejuvenated; strong year classes of 1976, 

1977, and 1978 were recruited to the stock. At that time young fish, 

age-groups II-IV, with lengths below 45 cm, predominated in the catch. In 

the 1983/84 season, when the biomass density of c. aceratus increased 

distinctly, no fish below 30 cm in length were found in the catch 
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(Kompowski, unpublished). It consisted of large fish with lengths of 42-65 

cm, mostly from age-groups V and VI (year classes of 1977 and 1978). 

Higher biomass density in 1984/85 may be a result of recruitment to the 
exploited stock of relatively strong year classes of 1981-1983, which 

appeared in the catch alongside fully exploited, abundant year classes of 

1976-1978. 

pseudochaenichthys georgianus 

In the 1976/77 and 1977/78 seasons, when the biomass of 

P. georgianus was estimated at a high level of 11.3 and 25 thousand-tons 
(Table Ill, Figure 3), large fish (exceeding 45 cm and belonging to 

age-groups V through XII) were mostly observed in the catch. In the 

following season (1978/79) an increased share of young fish (age-groups 
I-Ill) was observed in sample hauls of the R.V. Professor Siedlecki (Anon. 

1978). In the 1980/81 season, the percentage of young fish with lengths of 

32-40 cm was still quite high in the catch (no data from the 1979/80 

season). Biomass densities in both the 1978/79 (Slosarczyk et al. 1985) 

and 1980/81 seasons (Table IV, Figure 6) were among the lowest observed. 

In the following season, biomass density increased while a decrease in the 

share of youngest fish and a simultaneous increase of fish 41-49 cm in 

length in the catch structure was observed. In the period between 1983/84 

and 1986/87 this process was repeated. In the first season of that period 
very high biomass densities of P. georgianus (Table IV, Figure 6) were 

noted, accompanied by a large share of older fish (similar to the 1976/77 

season). The biomass estimate in the 1983/84 season was the highest of the 
whole study period (Table Ill, Figure 3) despite the small area of the 

shelf covered by fishing operations and estimates, as well as. the fact that 

operations were directed at c. gunnari. In subsequent seasons biomass 

densities of P. georgianus generally decreased; at the same time, beginning 

with 1985/86, young fish with lengths of 34-40 cm reappeared in the catch. 

In the last season (1986/87) the above-mentioned species was not found in 

the analysed catches of F.V. Manta so we could speak of zero biomass 

density. However, P. georgianus was at the same time second in quantity 

(8.2%) component of c. gunnari by-catch on the second Polish fishing vessel 
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on the South Georgia grounds. It was ~lso observed at that time in sample 
hauls of the R.V. Professor Siedlecki on the same fishing grounds (Figure 

3). It is thus difficult to evaluate to what degree a density and biomass 

estimate based on observations from a single vessel reflects the actual 

state of P. georgianus stock. When large concentrations of c. gunnari 

appear, the interest of fishermen in other species of demersal fish 

declines. This might apply to catches of P. georgianus in 1986/87 in the 

case of F.V. Manta, when the main species sought was c. gunnari. 

Notothenia gibberifrons 

N. gibberifrons is characterized by the most stable biomass density 

indices (Table IV, Figure 7). As a result, with the exception of the 

1983/84 season, the results of biomass estimate of this species usually 
range between 9 and 11 thousand tons (Table Ill, Figure 3). The estimate 

made in the 1983/84 season is approximately two times lower than the 

remaining ones, because the shelf area covered by fishing operations and 

biomass calculation in that season was also two times smaller (Table Ill). 

However, some changes in the biological structure of the 

N. gibberifrons stock were observed during the study period. In the first 

two seasons (1976/77 and 1977/78) 10-year old fish and older predominated 

in the catch. Their share gradually decreased in later years while the 

percentage of younger fish increased (Slosarczyk et al. 1985). In the 

eighties, the highest frequency was observed in age-groups VIII-X (Skora, 

unpublished). Mean lengths of fish dropped from 37 cm in 1976/77 to 32 cm 
in 1981/82 (Slosarczyk et al. 1985), and then increased to 36 cm in 1984/85 

(Skora) and 38 cm in 1985/86 (Kreft and Szynaka, 1986). An increase in 

mean length of fish in the last season could have been affected by the 

closing for the fishery of the shallow-water near-shore zone, mostly 

inhabited by small fish, below a length of 30 cm. 
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Notothenia rossii marmorata 

Differences in biomass estimates of this species are generally a 

result of its uneven distribution over the shelf. Most likely, only the 

localization of new concentrations of N. rossii accounts for the high 
biomass density indices in some seasons, among others in the 250-500 depth 
zone in subdivisions 56 and' 60 in the 1981/82 season, in the 150-250 m zone 

in subdivision 60, and in the 250-500 m zone in subdivisions 60-62, in the 

1984/85 season (Table IV, Figure 8). High biomass densities gave in effect 
high biomass estimates in those seasons (Table Ill, Figure 3), which ~ most 

likely - were not a result of very large one-time recruitment. Beginning 
with the 1985/86 season, a decline in the biomass level, estimated on the 

basis of catches of fishing vessels might be apparent only due to the 
introduction of first catch regulatory measures for this species. 

In the second half of the seventies, a large share of young fish 
belonging to age-groups III-V was observed in Polish'catches; it often 
exceeded 50% of the catch (in numbers of fish). Mean lengths of fish in 
catches gradually decreased at that time from 59 cm in 1976;77 to 43 cm in 

1980/81 (Slosarczyk et al. 1985), age-groups V-VIII began to predominate in 

catches. This is connected with a simultaneous, sudden increase of 
CPUE in the deeper zone (250-500 m) and may indicate that new 
concentrations of fish of this species were discovered. Another increase 

in the mean length of fish from 46.2 cm in 1983/84 to 48 cm in 1984/85 
could also be related to the very high, unobserved earlier increase in 
biomass density in the deep water zone (250-500 m). Further increase in 
mean length of fish to 50.5 cm in the following season could only be a 

result of catch regulatory measures for N. rossii, most of all the closing 

by the CCAMLR of near-shore waters for the fishery. 

4 • MANAGEMENT ADVICE 

In the majority of analysed seasons of the 1976;77-1986/87 period, 

C. gunnari constituted the basis of catches off South Georgia and it seems 
that this early-maturing species might maintain such a status in the 

future, provided numerous year classes are recruited to the exploited 
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stock. In a period of predominance of age-group II fish in the catches, 
they appeared with 2-4 year intervals and until 1984 kept catches at a high 

level, each time for two subsequent seasons : the year class of 1978 
(Slosarczyk et al. 1985) in the 1980/81 and 1981/82 seasons (Anon. 1986), 
and the year class of 1980 in 1982/83 and 1983/84 (Anon. 1986). The 
abundant year class of 1984, observed in great numbers as age-group I in 
sample hauls taken in the 1985/86 season (Kreft and Szynaka 1986), 
brought about very high biomass density values in the 1986/87 season. It 
seems that, similarly to the previous years, this year class might keep 

catches in the 1986/87 and the following season at a high level. To 

reduce, however, fishing in the 1987/88 season on the first spawning 1984 
year-class, catches should be limited, depending on the total catch in the 
previous season. 

Turning our attention to other species, the biomass and stock 
structure of C. aceratus has been improving recently and limiting the 

catches of this species appears unnecessary. The situation of the 

P. georgianus stock is not clear and requires confirmation by an estimate 

made by a different method. The biomass of the N. gibberifrons stock is 
stable and it seems unlikely that catches should be limited. What is worth 
doing is improving its structure by restricti.ons on the catch of juvenile 
fish. Latest tendencies in the structure and biomass of the N. rossii 

stock cannot be discussed on the basis of the results of commercial catches 
because of severe restrictions imposed on its fishery. 
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Table I Information on time and location of catches, swept area and 
fishing gears. 

Season L~onth Vessel Place of caoture Depth Swept Ho.of Gear Horizontal Soeed of 
/Division No.af- range are~ hauls type openning trawling 
ter Everson 1984/ /m/ /km / of trawl/m/ /knots/ 

1976/77 I-V m/t" Gemini" 56,57,60,61,62 150-500 6 142 277 .2-36/39 24.0 3.8 

1977 /78 XII-IV m/t" Gemini" 56,57,60,61,62 150-500 6 737 218 .2-32/36 17.5 3.8 
.2-36/39 24.0 

1978/79 

1979/80 

1980/81 X-II m/t"Libra" 56,57,60,61,62 50-500 9 30.2 464 .2-32/36 17.5 3.2"'4.0 

1981/82 XI-II m/t"I'ieptun" 56,57,60,61 50-500 4 686 285 P-32/J6 17.5 3.6-3.B 

1982/83 

1983/84 XI-I m/t"Taurus" 56,57,60,61,62 50-500 3 665 96 P-32/36 17.5 3.8 

1984/85 X-XI m/t"Taurus" 56,57,60,61,62 50-500 7 147 154 P-32/36 17.5 3.5 

1985/86 XI-I m/tIlCarina" 56,57,60,61,62 50-500 6 434 232 P-32/36 17.5 3.2 

1986/87 XI-I m/tItManta" 56,61,62 50-500 6 246 73 17.5 3.0 
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Table II Fish stock biomass off South Georgia, within subdivisions 56, 57 
and 60-62, in the near-bottom water layer estimated by the 
"swept area" method. 

Seasons Depth Subdivi a i 0 n a 
ran,e 

/m 56 57 60 61 62 Total 

1976/77 50-150 
150-250 7J 136 2 905 7 238 17 014 100 293 
250-500 30 388 16 695 1 989 4 615 4 134 57 821 
Total 103 524 19 600 9 227 21 629 4 134 158 114 

1977/78 50-150 
150-250 4 463 864 739 11 236 6" 537 24 839 
250-500 9 352 224 4 115 3 510 18 201 
Total 13 815 864 2 963 15 351 10 047 43 040 

1978/79 

1979/80 

1980/81 50-150 586 ·7 968 2 633 33 298 44 485 
150-250 8 482 536 5 358 13 64) 7 124 35 14) 
250-500 7 701 1 410 1 714 3 225 4 524 18 574 
Total 16 769 1 946 15 040 19 501 44 946 98 202 

1981/82 50-150 1 809 1 809 
150-250 5 803 630 3 666 16 051 26 150 
250-500 17 877 3 979 21 856 
Total 23 680 630 7 645 17 860 49 815 

1982/8) 

198)/84 50-150 457 1 316 1 773 
150-250 9 672 820 31 458 41 950 
250-500 2 845 7 020 9 065 
Total 10 129 820 2 845 J2 774 7 020 53 588 

1984/85 50-150 237 1 685 1 922 
150-250 4 539 567 5 734 20 385 B 296 39 521 
250-500 6 463 337 6 120 9 675 7 566 )1 161 
Total 11 239 1 904 11 854 )1 745 15 862 72 604 

1985/86 50-150 696 2 275 2 971 
150-250 8 109 2 992 22 311 12 906 46 )18 
250-500 5 227 1 4)8 ) 392 6 786 16 843 
Total 14 0)2 2 992 1 438 27 978 19 692 66 132 

1986/87 50-150 542 1 218 51 504 53 264 
150-250 8 6)0 22 150 17 011 47 791 
250-500 4 226 5 304 9 530 
Total 9 172 27 594 73 819 110 585 

Area 50-150 44 599 123 556 2 322 
/km2/ 150-250 744 63 470 605 838 3 720 

250-500 375 243 306 556 780 3 260 
Total 2 163 306 1 375 2 284 J 174 9 J02 
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Table III Fish stock biomass off South Georgia by year, subdivision and 
species. 

Seasons Species * S u b d i vis i o n a 

56 57 60 61 62 Total 

1976/77 ANI 90 710 19 130 261 111 110 212 
SSI 2 216 86 2.47 667 468 3 684 
SGI 2 624 49 6 426 1 724 468 11 231 
NOG 5 499 262 1 209 2 223 716 10 909 
NOR 1 650 945 15 292 092 18 979 
MZZ 825 73 139 1 612 390 3 039 
Total 103 524 19 600 9 227 21 629 4 134 158 114 

1977/78 ANI 212 13 31 538 50) 1 297 
SSI 77) 6 155 1 185 B15 2 9)4 
SGI B 190 800 660 9 342 5 025 25 011 
NOG 3 729 13 69B 2 BB4 2 961 10 2B5 
NOR 911 32 419 1 402 743 3 507 
MZZ 

Total 13 B15 B64 2 963 15 351 10 047 43 040 

197B/79 

1979/BO 

19BO/Bl ANI 11 627 131 12 16B 13 814 38 566 77 )06 
SSI 1 004 160 5Bl 1 290 1 515 4 550 
SGI 1 141 20B 612 1 414 1 827 5 202 
NOG 1 622 392 373 2 711 2 79B B 836 
NOR 1 100 49 245 111 156 1 661 
MZZ 275 6 61 161 84 5B7 
Total 16 769 946 15 040 19 501 44 946 98 202 

19B1/82 ANI 4 340 353 2 123 10 452 17 26B 
SSI 1 2B3 69 529 1 840 3 721 
SGr 2 183 120 760 3 136 6 199 
NOG 5 631 8B 1 5B8 2 432 9 7)9 
NOR 10 243 2 645 12 BBB 
MZZ 

Total 23 680 6)0 7 645 17 860 49 815 

1982/83 

1983/84 ANI 799 145 581 12 036 1 014 15 575 
SSI 1 2)8 101 520 5 999 312 8 110 
SGI 6 146 498 734 12 )94 4 680 24 452 
NOG 565 44 459 2 345 1 014 4 427 
NOR 381 32 551 964 
MZZ 

Total 10 129 820 2 845 32 774 7 020 53 588 

1984/85 AlII 481 6 769 383 1 oGO 2 693 
SSI 2 428 543 1 489 7 204 2 751 14 415 
SGI 1 792 932 1 917 8 812 1 635 15 OB8 
NOG 1 582 423 1 098 4 070 4 164 11 337 
NOR 4 956 6 581 11 276 6 252 29 065 
MZZ 

Total 11 239 904 11 854 31 745 15 862 72 604 

1985/86 ANI 7 357 2 457 673 14 267 722 27 476 
SSI 3 570 214 214 4 710 1 959 10 667 
SGI 316 13 61 2 43B 6 978 9 B06 
NOG 1 992 176 245 4 420 4 308 11 141 
1I0R 74 661 2 748 3 48) 
MZZ 723 132 245 1 4B2 977 3 553 
Total 14 032 2 992 438 27 978 19 692 66 132 

1986/87 ANI 6 790 22 000 51 551 80 341 
SSI B84 2 939 14 753 18 576 
SGr 
NOG 498 2 655 7 203 11 356 
NOR 312 312 
MZZ 

Total 9 172 27 594 73 819 110 585 

Area /km2/ 2 163 306 1 )75 2 284 3 174 9 302 

~ ANI - Champsocephalus gunnari, SSI Chaenocephalus aceratus, SGI - Paeudochaenichthys georgianus, 
NOG - Notothenia gibberifrons, NOR - Notothenia rosaii marmorata, MZZ - other marine fishes. 



- 202 

Table IV Biomass density of fish' stocks off South Georgia by year, 
subdivision, depth zone and species. 

Seasona Species· S ubdivi s i o n s 

56 57 60 61 62 

/m/ 50- 150- 250- 50- 150- 250- 50- 150- 250- 50- 150- 250- 50- 150- 250-
150 250 500 150 250 500 150 250 500 150 250 500 150 250 500 

1976177 ,ANI 94.2 15.0 45.6 66.9 0.1 0.7 0.2 
SSI 1.5 0.8 0.2 0.) 0.2 0.5 1.2 0.6 
SGI 0.2 1.8 0.2 12.5 1.8 ).1 0.6 
NOG 2.4 2.7 0.3 1.0 1.4 1.8 0.9 1.4 2.2 
NOR 1.2 1.1 1.4 8.8 2.1 1.4 
MZZ 0.6 0.3 0.1 0.) 0.9 0.3 0.5 

1977/78 ANI 0.1 0.1 0.2 0.1 0.) 0.1 0.6 
SSI 0.3 0.4 0.1 0.2 0.2 0.6 0.4 0.6 0.4 
SGI 3.8 ).9 12.7 2.1 2.2 4.4 4.1 4.6 1.5 
NOG 1.5 1.9 0.2 0.9 0.9 1.0 2.) 1.) 2.4 
NOR 0.3 0.5 0.5 0.5 0,6 0.7 0.5 0.7 0.2 
MZZ 

1978179 

1979/80 

1980/81 ANI 11.3 9.6 2.9 20.0 6.0 ).1 11.) 9.6 2.9 20.0 6.0 3.1 20.0 6.0 3.1 
SSI 0.4 0.4 0.5 0.4 0.6 0.5 0.4 0.4 0.5 0.4 0,6 0.5 0.4 0.6 0.5 
SGI 0.4 0.4 0.6 0.5 0.6 0.7 0.4 0.4 0.6 0.5 0.6 0.7 0.5 0.6 0.7 
NOG 1.2 1.0 0.6 0.5 1.2 1.3 1.2 1.0 0.6 0.5 1.2 1.3 0.5 1.2 1.3 
NOR 0.8 0.2 0.8 0.2 0.2 
MZZ 0.2 0.1 0.2 0.1 

1981/82 ANI 3.8 1.1 11.9 5.6 3.8 1.1 11.9 5.6 
SSI 0.8 0.5 0.6 1.1 0.8 0.5 0.6 1.1 
SGI 0.9 1.1 0.7 1.9 0.9 1.1 0.7 1.9 
NOG 1.1 3.5 1.5 1.4 1.1 3.5 1.5 1.4 
NOR 1.2 6.8 1.2 6.8 
MZZ 

1982/83 

1983/84 ANI 2.0 2.3 2.0 2.3 1.9 3.9 7.2 1.3 
SSI 1.1 1.6 1.1 1.6 1.7 1.8 3.6 0.4 
SGI 6.1 7.9 6.1 7.9 2.4 4.2 7.4 6.0 
NOG 1.0 0.7 1.0 0.7 1.5 0.8 1.4 1.3 
NOIl 0.2 0.5 0.2 0.5 1.8 
MZZ 

1384/85 ANI 1.3 0.2 0.2 14.5 0.1 0.4 1.9 0.5 0.2 0.8 0.5 
SSI 0.5 1.2 1.1 0.5 . 0.9 2.0 1.8 2.1 4.1 3.1 3.1 1.7 1.7 
SGr 1.3 0.6 2.2 6,) 2.2 1.8 3.5 7.8 4.2 2.0 1.3 0.7 
NOG 0.3 1.0 0.6 0.1 1.7 1.3 1.1 1.9 1.2 1.3 3.) 3.2 1.9 
NOR 3.3 2.4 2.2 3.3 7.1 10.6 0.1 3.9 9.0 2.9 4.9 
MZZ 

1985/86 ANI 10.4 6.5 1.5 81.5 39.0 2.2 11.8 7.5 1.4 1.2 2.2 
SSI 2.8 2.6 1.1 6.6 3.4 0.7 3.3 2.3 1.1 1.5 0.9 
SGr 0.4 0.4 0.1 0.2 0.2 1.0 1.2 0.7 6.0 2.5 
NOG 1.4 1.3 0.7 4.8 2.8 0.8 1.7 2.0 1.8 3.0 2.3 
NOR 0.1 0.1 0..3 0.3 3.0 0.3 
MZZ 0.8 0.5 2.4 2.1 0.8 0.6 0.6 0.8 0.7 0.5 

1986/87 ANI 8.9 8.6 8.7 11.1 5.6 24.3 15.0 1.5 
SSI 1.5 1.1 0.3 1.6 0.6 6.1 3.3 3.2 
SGI 
NOG 1.9 1.9 0.9 1.1 1.4 2.7 2.0 1.7 
NOR 0.4 
MZZ 

Area /km2/ 44 744 1375 63 24) 599 470 306 123 1605 556 1556 838 780 

"ANI - Champsocephalus gunnari, SSI - Chaenocephalus aceratus, SGI - Pseudochaenichthys georgianus, 
NOG - Notothenia gibberifrons, NOR - Notothenia rossii marmorata, MZZ - other marine fishes. 
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Figure 1 Area exploited regularly by the Polish fishery in the period 
1977-1987 within statistical subdivisions 56, 57 and 60-62 
(after Everson 1984). 
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SC-CAMLR-VI/BG/40 

Legendes des tableaux 

Informations sur la periode et la position des prises, 
l'aire balayee et les engins de peche. 

Biomasse du stock ichtyologique au large de la Georgie du 
Sud, au sein des subdivisions 56, 57 et 60-62, dans la 
couche d'eau situee pres du fond; estimation effectuee 
d' apres la methode d' "aire balayee". 

Biomasse du stock ichtyologique au large de la Georgie du 
Sud par annee, subdivision et espece. 

Densite de la biomasse des stocks ichtyologiques au large 
de la Georgie du Sud par annee, subdivision, zone de 
profondeur et espece. 

Legendes des figures 

Zone exploitee regulierement par les pecheries polonaises 
au cours de la periode 1977-1987 au sein des subdivisions 
statistiques 56, 57 et 60-62 (d'apres Everson 1984). 

Changements dans la biomasse des poissons de fond au large 
de la Georgie du Sud en 1977-1987 au sein des subdivisions 
56, 57 et 60-62, dans trois zones de profondeur; 
estimations effectuees d'apres la methode d'"aire balayee". 

Changements dans la biomasse des stocks ichtyologiques au 
large de la Georgie du Sud en 1977-1987 (ANI -
Champsocephalus gunnari, SSI - Chaenocephalus aceratus, 
SGI - Pseudochaenichthys georgianus, NOR - Notothenia 
rossii marmorata, NOG - Notothenia gibberifrons). 

Densite de la biomasse de Champsocephalus gunnari par 
annee, subdivision et zone de profondeur. 

Densite de la biomasse de Chaenocephalus aceratus par 
annee, subdivision et zone de profondeur. 

Densite de la biomasse de Pseudochaenichthys georgianus par 
annee, subdivision et zone de profondeur. 

Densite de la biomasse de Notothenia gibberifrons par 
annee, subdivision et zone de profondeur. 

Densite de la biomasse de Notothenia rossii marmorata par 
annee, subdivision et zone de profondeur. 
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Figura 1 

Figura 2 
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Figura 4 

Figura 5 

Figura 6 

Figura 7 
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Encabezamientos de las Tablas 

Informacion sobre el tiempo y la ubicacion de las capturas, 
el area barrida y los aparejos de pesca. 

Biomasa de las reservas de peces aguas afuera de Georgia 
del Sur, comprendidas en las subdivisiones 56, 57 Y 60-62, 
en la capa de agua cercana al fondo, estimada p~r el metodo 
del "area barrida". 

Biomasa de las reservas de peces aguas afuera de Georgia 
del Sur por ano, subdivision y especie. 

Densidad de la biomasa de las reservas de peces aguas 
afuera de Georgia del Sur p~r ano, subdivision, zona de 
profundidad y especie. 

Leyendas de las Figuras 

Area explotada periodicamente por la pesqueria polaca en el 
periodo 1977-1987 comprendida en las subdivisiones 
estadisticas 56, 57 y 60-62 (segun Everson 1984). 

Cambios en la biomasa de los peces del fondo aguas afuera 
de Georgia del Sur en 1977-1987 dentro de las subdivisiones 
56, 57 y 60-62, en tres zonas de profundidad, estimados por 
el metodo del "area barrida". 

Cambios en la biomasa de las reservas de peces aguas afuera 
de Georgia del Sur en 1977-1987. (ANI - Champsocephalus 
gunnari, SSI - Chaenocephalus aceratus, 
SGI - Pseudochaenichthys georgianus, NOR - Notothenia 
rossii marmorata, NOG - Notothenia gibberifrons). 

Densidad de la biomasa de Champsocephalus gunnari p~r ano, 
subdivision y zona de profundidad. 

Densidad de la biomasa de Chaenocephalus ace rat us por ano, 
subdivision y zona de profundidad. 

Densidad de la biomasa de Pseudochaenichthys georgianus por 
ano, subdivision y zona de profundidad. 

Densidad de la biomasa de Notothenia gibberifrons por ano, 
subdivision y zona de profundidad. 

Densidad de la biomasa de Notothenia rossii marmorata por 
ano, subdivision y zona de profundidad. 
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3aronOBKH K Ta6nHuaM 

MH~opMaQHff ~ BpeMeHH H MeCTe B3ffTHff ynoBoB, 
npOTpaneHHhlX nnO~aAffX H phl60nOBHhlX CHaCTffX. 

CAenaHHhle C nOMO~hlO MeTOAa "npOTpan~HHhIX 
nnO~aAeM" OQeHKH 6HOMaCChl Phl6HhIX 3anaCOB B 
npHAoHHOM cnoe BOAhl B paMOHe KbKHOH reOprHH C 
pa36HBKOH no nOAyqaCTKaM 56, 57 H 60-62. 

Ta6nHQa HI DHOMacca Phl6HhlX 3anaCOB B paMOHe KbKHOH reoprHH 
no rOAaM, nOAyqaCTKaM H BHAaM. 

Ta6nHQa IV nnOTHOCT h 6HOMaCChl Phl6HhIX 3anaCOB B paHOHe KbKHOM 
reoprHH - no rOAaM, nOAyqaCTKaM, ropH30HTaM H 
BHAaM. 

PHCYHOK 1 

PHCYHOK 2 

PHCYHOK 3 

PHCYHOK 4 

PHCYHOK 5 

PHCYHOK 6 

PHCYHOK 7 

PHCYHOK 8 

nonnHCH K pHCYHKaM 

PerynffpHo 06naBnHBaBllIaffCff nonhCKHM npOMhlcnOBhlM 
~noToM C 1977 no 1987 rOA nno~aAh B 
CTaTMCTHqeCKHX nOAyqaCTKaX 56, 57 H 60-62 (no 
3BepcoHY, 1984 r.). 

M3MeHeHHff B BenHqHHe 6HOMaCChl npHAoHHhlX phl6 B 
paMoHe KbKHOM reoprHH C 1977 no 1987 rOA - no TpeM 
ropH30HTaM B nOAyqaCTKaX 56, 57 H 60-62; 
BhlqHCneHHff - no AaHHhlM, nonyqeHHhlM MeTOAOM 
"npoTpaneHHhlx nno~aAeH". 

M3MeHeHHff 6HOMaCChl Phl6HhIX 3anaCOB y iO>KHoM reoprMM 
B 1977 -19 8 7 r r. (ANI - Champsocephalus qunnari, SSI -
Chaenocephalus aceratus, SGI - Pseudochaenichthys 
georgianus, NOR - Notothenia rossii marmorata, NOG -
Notothenia gibberifrons). 

nJIOTHOCT h 6HOMaCChI y Champsocephalus gunnari - no 
rOAaM, nOAyqaCTKaM H ropH30HTaM. 

nnOTHOCT h 6MOMaCChl y Chaenocephalus aceratus - no 
rOAaM, nOAyqaCTKaM H ropH30HTaM. 

nnOTHOCT h 6HOMaCChl y Pseudochaenichthys georgianus -
no rOAaM, nOAyqaCTKaM H ropH30HTaM. 

nnOTHOCT h 6HOMaCChl y Notothenia gibberifrons - no 
rOAaM, nOAyqaCTKaM H ropH30HTaM. 

nnOTHOCT h 6HOMaCChl y Notothenia rossii marmorata -
no rOAaM, nOAyqaCTKaM H ropH30HTaM. 
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THE ERROR OF THE BIOMASS ESTIMATE AS A FUNCTION OF SURVEY PARAMETERS AND 
THE STATISTICS OF A DENSITY FIELD OF KRILL AGGREGATIONS 

Z.I. Kizner 
(USSR) 

Abstract 

Simple relationships expressing the dependence of 
relative sampling error in a biomass estimate (from a 
survey) on the statistical characteristics of the fish 
concentration density field and on parameters of the 
survey itself, have been derived with the help of 
mathematical statistics and methods of calculus of 
probabilities. The biomass estimate is determined as 
the product of the average density for the region under 
examination and the area of this region. For a 
hydroacoustic survey, the anisotropy parameters 
correlation radius along transects and coefficient of 
variation serve as field characteristics on which the 
error depends. The direction of the survey with respect 
to the axis of the correlation ellipse and the frequency 
of transects (sections) serve as survey parameters. The 
relationships described here can be used in practice for 
both a posteriori estimation of the error made when 
calculating the biomass, and for survey planning on the 
basis of a priori estimates of the statistical 
characteristics of the concentration density field. 
These might provide a basis for the operative control of 
surveys. 

La statistique mathematique et les calculs de 
probabi lites ont permis d' etablir des relations simples 
expri.mant la dependance de l'erreur relative 
d'echanti.llonnage dans l'estimation de la biomasse UI 
partir d'une prospection) sur les caracteristiques 
statistiques du champ de densite des concentrations de 
poissons et sur les parametres de la prospection meme. 
L'estimation de la biomasse est determinee comme etant 
le produit de la densite moyenne pour la region examinee 
et la superEicie de cette region. Pour une prospect ion 
hydroacoustique, les parametres d'anisotropie, le rayon 
de correlation le long des transects et le coefficient 
de variation servent de caracteristiques de terrain dont 
depend l'erreur. La direction de la prospection quant it 
l'axe de l'ellipse de correlation et la frequence des 
transects (sections) servent de parametres de 
prospection. Les relations ici decrites peuvent etre 
utilisees en pratique it la fois pour une estimation a 
posteriori de l'erreur faite en calculant la biomasse et 
pour la preparation de prospect ions sur la base 
d'estimations a priori des caracteristiques statistiques 
du champ de dem;lte des concentrat.ions. RUes peuvent 
fournir une base pour le contr81e operatoire des 
prospections. 



- 214 -

Resurnen 

Se han deducido correlaciones simples que expresan la 
dependencia del error relativo de muestreo en la 
estimacion de biomasa (obtenida de una prospeccion) de 
las caracteristicas estadisticas del campo de densidad 
de las concentraciones de peces y de los parametros de 
de la prospeccion en si, utilizandose la estadistica 
matematica y los metodos de calculo de probabilidades. 
La estimacion de biomasa se determina como el producto 
de la densidad promedio para la region bajo estudio y el 
area de esta region. Para una prospeccion 
hidroacustica, los parametros de anisotropia, el radio 
de correlacion a 10 largo de secciones transversales y 
el coeficiente de variacion sirven como caracteristicas 
de campo de las cuales depende el error. La direccion 
de la prospeccion con respecto al eje de la elipse de 
correlacion y la frecuencia de las secciones 
transversales sirven como parametros de prospeccion. 
Las relaciones aqui descriptas pueden ser usadas en la 
practica para una estimacion a posteriori del error 
cometido al calcular la biomasa, asi como para la 
planificacion de una prospeccion sobre la base de 
estimaciones a priori de las caracteristicas 
estadisticas del campo de densidad de las 
concentraciones. Las mismas podrian proporcionar una 
base para el control operativo de las prospecciones. 

Pe310Me 

npOCTble COOTHoweHHn, Bblpa)Ka~He 3aBHCHMOCT b 
OTHOCHTenbHoA oWH6KH Bbl60PKH npH oqeHKe 
6HOMaCCbl (no ~aHHbIM C'beMKH) OT CTaTHCTHqeCKHX 
xapaKTepHCTRK nonH nnOTHOCTH KOHqeHTpaqHA pbl6b1 
H OT napaMeTpOB caMoA C'beMKH, 6bInH BblBeAeHbl C 
nOMO~b~ MaTeMaTHqeCKOA CTaTHCTHKH H MeTOAa 
paCqeTOB C yqeTOM TeopHH BepOHTHOCTeA. OqeHKa 
6HOMaCCbI onpeAenneTcn KaK npOH3Be~eHHe cpe~HeA 
nnOTHOCTH no paCCMaTpHBaeMOMY paAOHY H nno~a~H 
3Toro paAOHa. B cnyqae rHAPoaKYCTHqeCKOA 
C'beMKH napaMeTpbl aHH30TponHH, paAHYC 
KoppennqHH B~onb pa3pe30B H K03~HqHeHTbI 
BapHaTHBHOCTH CnY>KaT xapaKTepHCTHKaMH nonH, OT 
KOTOPblX 3aBHCHT oWH6Ka. HanpaBneHHe C'beMKH no 
OTHoweHR~ KOCH KoppenHqHoHHoro 3nnHnca H 
qaCTOTa pa3pe30B (ceKqRA) CnY>KaT napaMeTpaMH 
C'beMKH. OnHcaHHble 3AeCb COOTHoweHHH MoryT Ha 
npaKTHKe Hcnonb30BaTbCH KaK~nH nocne~y~ero 

onpeAeneHHH oum6KH, c~enaHHoA npH BblqHCneHHH 
BenHqRHbl 6HOMaCCbl, TaK H AnH nnaHHpOBaHHn 
C'beMOK Ha OCHOBe npe~BapHTenbHoA oqeHKH 
CTaTHCTHqeCKHX xapaKTepHCTHK nonH nnOTHOCTH 
KOHqeHTpaqHH. 3TO MO)KeT CTaTb OCHOBOA AnH 
onepaTHBHoro KOHTponH npH IlpOBe~eHH~ C'beMOK. 
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THE ERROR OF THE BIOMASS ESTIMATE AS A FUNCTION 

OF SURVEY PARAMETERS AND THE STATISTICS OF 

A DENSITY FIELD OF KRILL AGGREGATIONS 

Z.I. Kizner 

All-union Research Institute of Marine 

Fisheries and Oceanography (VNIRO) 
V. Krasnoselskaya, 17a, 107140, Moscow, USSR 

1. Introduction 

Estimates of fishing objects biomass are the main result of 

hydroacoustic and trawl surveys. Since these estimates cause a 

certain effect 'on making decisions which very often have a con­

siderable economic and ecological meaning, it is necessary to 

supply them with ,confidence intervals indicating the limits of 

possible errors with desired probability. Thus, it is important 

to find out on whioh parameters of survey and statistical charac­

teristics of fishing objects the error of the obtained biomass 

estimate might depend and how this dependence can be expressed 

mathematically with account for the probability nature of the 

estimate in question. 

If such a dependence has been revealed, it would be possible 

to solve an inverse and quite important from the practical point 

of view problem of determining parameters of optimal survey allo­

wing u~ to estimate biomass, the error of which does not exceed 

the defined level with desired probability. 

Thi$., paper is devoted to all these problems. 

2. Basic relationships 

Let ue at first confine to the easiest and most widespread 

method of e9timating biomass 8 in a region under consideration: 
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/3 =.f S ,where S is region area, and'p is average surface 

density of concentartions in it, determined using materials ob­

tained through "instant" (i.e. rather short in time) regular sur­

vey_ In this case, if not to consider the so-called errors of 

measurement (which can be assumed as known) introduced by the 

method of obtaining init1alinfo:rmation, one should regard re­

lative error 8' of estimat" f3 as a sampling relative error 

of the estimate of average density jD • In case of hydroacous­

tic survey, nei.ther B f nor 0' do depend on integration inter­

val (if using an echointegrator). That is why in this context 

echo surveys can be considered similarly to trawl surveys, assu­

ming that in case of both these types pf survey the choice of 

information is performed in knots (intersections)of a regular 

rectangular grid covering the region under examination, with steps 

Iz,r and A'V t along coordinate axes:Z: and !I, connected with 

direction of survey (for short, these points will be called knots). 

The difference between them lies in the tact that in case of trawl 

survey steps Ax and ~!I are usual.ly close to each other in their 

values (A~~JfV) , while in case of echo survey one of the steps 

(further on It. x ), corresponding to the ·distance covered by a 

vessel between two successive echo pulses, is much less that the 

other one ( "i. ) which represents a distance between irZl.n$ect~(sec­
tioll8} s ftx« A. ~. 

In the majority of cases fishing objects concentration den­

sity fields have a typical patch-like structure, at the same time 

certain patcheswit.h a higher dens"ity have irregular shapes, are 

arranged in disorder (they can get rearranged in big aggregations 

or drift apart at distances considerably exceeding their own sizes); 
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density within one patch, as well as its. shape, are subject to 

random perturbations. Thus when speaking about "instant" survey 

of a large aquatorium, in the first approximation one can consider 

concentration density jJ as a stationary, i.e. independent on 

time, hooogeneous random field. 

Isotr~pic fields 

Let us at first assume that field .f (X~~) is an isotropic 

one~ This ie typical of concentrations densiwfields in open 

ocean regions, far from shelves, jet currents, equator and other 

physio-geographical factors which can give rise to the existing 

specified directions. Homogeneous isotropic field ~ has got one 

and the same dispersion J)f for !ill its points, and its normali­

zed correlation function A;characterizing statistical inter­

dependency of f values in any ·two points, depends itself only 

on distance ~ between them: A= /I ('t). Correlation radius R, 
the minimum distance at which correlation between density values 

becomes negligible, is a vivid characteristic of field corr~lation 

properties (L e. of the function A). In the general cas e, this 

radius depends on direction, but for isotropic field R= const, 

so all P9ints in whioh density correlates with density in a fix­

ed point, are in fact ooncentrated within the circle of radius I? 
(oalled oorrelation circle) with its centre in this fixed point. 

We shall need two more values besides f? : 
R 

at = ff~2 JIAtz)dx d!f=-jx Jrt Af'z)d't, 
UJ 0 

(1) 

R 

az = ; ! A ('"0 d 1. . (2) 
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These values represent integral average values of A over 

correlation circle U) and correlation radius, respectively. 

Finally, we shall assume values ~ x ,hj- and R to be small 

enough as compared to the size of region under examination (in 

reality, it is exactly the situation). This will allow us to 

consider all knots as "equal in rights", neglecting differen­

ces between internal points and those belonging to boundary st­

rip. 

According to a. relation, well-known in mathematical statis­

ticZ' dispersion:bT of the estimate of average density F == 

=?: f i / N calculated for all knots (IV is the general num­
/,21 

ber of knots), is expressed by the double sum 

1 N 11 

:lJE = A/2 ZZt Ki}' , 
.r /v z=f J= 

where /{i) = JJf A ('lij) are correlation moments of field.! for 

the i -th and j -th knots, 'l ij is the distance between 

these knots. One can repla.ce N::::. SI !z.;c It! in (J) (note that in 

case of arbitrary configuration of the region under examination, 

this relationship ie, generally speaking, approximate, though 

it is as accurate as smaller the steps hz and hi are). Ta­

king into account "equality in rights" of all knots one can 

fix any internal knot with number i then using the fact 

that the field ~ is isotropic, the formula () can be rewrit­

ten in a different form: 
1) . .¥ 

lJ =~, h ~ A('l.,.) 1 S nx !f 'Ft l-J. 

In case of trawl survey stations are usually installed far­

between, thuB, by the order of mag~tude grid steps are no less 

than the correlation radius: /z,x ~ R, hlf ;(:. R. • In this case 
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A ('lit )=1 (as 7.ii =0) t and at i =J j all values of A ('Zz,j) 

are practically zero, so from (4) we obtain: 

(5) 

This 1'6latioship written in the form:/)1 =1}1N is well­

known and often used when processing independent experiments 

(see, for example, Venttsel, 1962). 

In the other limiting cese which seemB to be not ever rea 

lized in practice and which, however, is very important for 

understanding the main reaul ts of the work, when !z. <K R and 
IV N X 

~tL «R ,expression Ifx Au ? i=, Af'lii)' being a part of (4), 
<f tf t.z.! J~ r 

can be replaced with high acouracy by integral of J7 over 

correlation circle. In other words, using (1), the equality (4) 

can be rewritten in the form! 

(6) 

Hydroacouetic survey occupies an intermediate position 

between the two abovedeaoribed cases: now I'z.I. «f<. , If, z R , 
and thus, density in the i -th knot correlates only with den­

sity in knots located on the same track at a distance no more 
"" than R. That is why, when replacing expression hxj; A(~j)/2 by 

the integral of AT over correlation radius, we obtain out of 

(1) and (4) : 

Since estimate of average density j? is a random value 

distributed according to a normal law ( AI is large) , its ab­

solute error C depends on confidence probability f3 and 
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6.1 = v:t>; which is a standard deviation of p 
c= t." By 0 (8) 

In (8) tft'= ~ C:P-(;J and CP-(P) is Laplace's inverse func­

tion of defined confidence probability J3; tables of values 

tp depending on ~ can be found in any book on mathemati­

cal statistics. 

Thus, passing from c. to relative error d=E/f, from 

(5) - (8) we obtain the following relationships; 

at h.x ~ R, hff;Z1? (tr~wl. survey) 

8' = tf3 if (hx 17-y /S , (9) 

It, «R ("superfrequent" survey) 
'I . 

0'= tf3 Gl/ R/IS, (10) 

ft1/ ~ R (hydroacoustic survey) 

0'= tft CvlRftfl/S ., (11 ) 

where t; = V.1fa( , c = £12 ad'. and lJ'= ~ /f ie the variation 

coefficient of density field JP . N0te that, if correlation 

properties of fields under examination are similar, i.e. when 

reduced to normalized argumant, z~R ,their correlation 

functions coincide, then 6 and C are universal constants. 

From (9) - (11) it is clear that the minimum possible er­

ror is practically obtained in case of Bteps (hx and h../I 
for trawl survey or ~* - for hydroacouetic survey) of the 

order of R (or s~e le8s~ "superfrequent" survey is ineffici­

ent because in this case (expression (10» the error does not 

depend on ~x and ~/I ,i.e. it doee not decrease with the 
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growth of the number of knots. 

Expressions (9) - (11) represent desired dependencee of 

biomaas estimate error on survey parameters and isotropio fi­

eld statistical characteristice. Consequently, when resolving 

equality (9) relative to Az AV » and (11) - relativ.~ to fty • 
we can obtain mathematical basis tor survey optimal planning. 

Thus, if it.is necessary to estimate biomaaa ot fishing objects 

in a certain region ot the open ocean with the help ot hydco­

acoustic survey with such accuracy that relative error should 

not exceed defined level Ll with probability f3, and if a 

privri estimate of tr is accurate enough, then distance b~tween 

transed.s Av ia to be taken from the following condition: 

( 12) 

Anisotropic fields 

Up to now we have been discussing isotropio density tields. 

Howeyer,quite simple geol!!.strio oonsiderations allow us to apply 

r9a~~a obtained to anisotropic fieldB in ~hich one can 3?ecifJ 

two th~t 

one of them ccrrel~tion radius i~ m~~imu~. ~d along the other 

one - it is minimum •. Such a situation occurs. for example, when 

survey ie being carried out in shelf waters where medium, and, 

correspondingly, concentration characteristics change insignif­

icantly along the shelf, and change considerably - in perpendi­

cular direction. In this case, correlation circle gets deformed 

and becomes an ellipse, large and small radii of which we shall 
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denote as RH and Rm • It is olear that now error 8' 0&11 

depend on anisotropy index le =-RI"! 1Rm ~ 1 and survey direction 

which we f:3hall define by angle C<. between axia X and the 

largs ~s of oorrelation ellipse. Introducing symbols Rx. 
-RMI!1c2:5in 2

c(.+ Co~~ and R,= R,./(f(/CfJJ 2
ol.+jin1:J.. for oorrelation 

radii in directiona of X- and 1/- a..-tea, as well a'IJllx-It,RmlRi 
and ~= ~ Rm/R:a for the aizes ot a'rectangle with sides 

being parallel to axes X and fj and embracing this ellipse, 

similarly to the abovedescribed we obta:1.n three variants o.f 

survey, ft Z H and ~ ~ H' ,. "-z.« H:x. and hit « H lL 
.t: X • 1- j- v ',f 

!;« Hx and h/l ~ H, . At the same time relationship (9) 

does not ch3.l1ge, constants t and C remain the same, and 

R in (10) ia :replaced by VR",Rm • For hydroacousi;1c sur­

vey (the third variant) we hava instead of (11) and (12): 

thus when dete~ning the accuracy of biomaas estimate ons has 

to know correlation ra.dius only along trs,71sects Since it depends 

on le 3.D.d ex, ar:;:oor d and ~lcwad d.i3tance between trC!.I1SfCl5 

h/l alao depend on this parl!Illeters. Ior example, when hy ia 

pondingly, the ma:timum distance between tranSec'Bproviding tor de­

sired ac~uracy with defined probability, corresponds to such a 

direction ot survey when cl.90o. 

3. Discussion 

One CM also present some other generalizationa ot the 
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abovedescribed approach, and, in particular, for non-homogene­

ous fields which can be expanded into sum of deterministic oom­

ponent (for ahort, we shall call it a tread) and homogeneous 

random component (noise). However, such a generalization demands 

more complex mathematical constructions, since, formally, in 

this case, the sampling error, that has already been mentioned 

here, is connected only with the random component, and, con­

sequently, does not characterize the whole error in biomass 

estimate completely enough. Thus, .if noise were small as oom­

pared to trend, the first place would be occupied by the error 

caused by the approximate method of estimating biomass (in this 

case - by substituting a final sum for double integral of trend). 
'" 

Fortunately, as it has already been mentioned, in practice there 

usually takes place an inverse relation between deterministic 

and random components. 

ReBults of numerical (computer) experiments on Simulating 

surve~ of various isotropic fie lds of one size t.l3 .. const 

wi th ohe and the same step along transects !z.x" const (Kalikhman 

et al., 1986, fig •. 2), allow us to realize that dependences 

derived here are quite universal; these model fields are repre­

sented by 50x50 numerical matrices and in general have weak 

autocorrelation.When analysing these data, it is convenient to 

use relative distance betweenirz;hs(!ct<; Iz'j/l instead of h!l' 
Survey carried out with the help of this discrete model 

can be interpreted as hydroacoustic or trawl survey with sta­

tions installed frequent along tra.nsect~ - from the abovesaid it 

is clear that it depends on correlat±on properties of fields 
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being simulated. However, in any case, if error Cl in biomass 

estimate obeys dependence (9) or (11), then (since .s ~d h:c 
are ,constant) values $"= o/o-!A.;t,;2' ~ correspolliing to each expe­

riment , should be proportional to t; with coefficient of 

proportion constant for every field; in this case empirical 

probabili ty J is defined as a ratio ns /n of the number ns 
of experiments in which S does not exceed the given level, 

and the total number rL of experiments. Check-up with the help 

of these data showed that it ie true (see fig.1). Moreover, from 

the f~g.1 it is clea~ that ~eiatiiBhip 5 = frtp or(which is 

the same) 0'= 'fr ~ V-Iftjl/t, where Cfr ~ 0.15·, is satisfied 

with food accuracy. Thus, coefficient of proportion is actu­

ally the same for all model fields, despite the fact that they 

have different (in some cases rather Bignificant) trend. 

Also note, that in data used (Kalikhman et al., 1986) va-

lue () represents an average error for several methods of 

timating 13, including via expreeeion 8 = P ,s, and this 

es.;., 

me-

ans that relationships similar to those derived in this paper, 

are valid for other methods of estimating biomass. 

4. Conclusion 

Results mentioned here can be used in practice both for a 

posteriori estimation of relati ve error in biomaes estimate by 

means of survey matherials and for survey optimal planning, i.e. 

determining its parameters by already known estimates of field 

statistical characteristics, allowed error and desired confi­

dence probability. In last case, if there are not enough a pri-
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ori data of this kind, one can use the method of operative oont­

rol, when all the necessary field oharaoteristice are being de­

termined and gradually checked in the course of eurvey iiself. 

According to them, on the basis of dependences offered, eurvey 

parameters are ohosen and detailed, and survey ie g.t'adually be­

ing transformed into an optimal regime. In thie oaee, }lowever, 

one ehould take into account the fact that if this prooess ta­

kes too long and survey is transformed into optimal regime too 

late (or doee not have time at all to get transformed into it), 

then biomaes esti~ate error might turn out to be higher than 

that desired for defined confidence probability. 
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List of Symbols 

- normalized correlation tunction of the !ieldjO 

- biomass·or ita estimate 

- dispersion of the field P 
- dispersion of P 

hx,h!l - grid steps along axes X and !I 
1 
K·· t) 

l 
N 
R 

- anisotropy- index 

- correlation moment 

- size of a model field 

- number of the grid knots (size of a sample) 

- correlation radius of an isotropic field 

RH,Rm - large and small correlation radii 

I?x - correlation radius in the direction of: tracks 

S - area of the region under survey-

if - variation coefficient 

X, f/ - coordinate axes (the survey transec1S al1?parallel to X -axis) 

ex. - angle between axis X and the large axis of the corre-
lation ellipse 

ft - confidence probability 

C' - relative sampling error of biomaBs estimate 

Ll - desired relative accurancy of a survey 

E - absolute sampling error of biomass estimate 

p - surface density of concentrations 

Jf - average density (over the region under survey) 

Op standard deviation of .P 
qJ-ffJ - Laplace's inverse function on} 
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Fig.1. Dependence of value S ==. !j)f!'1A~/t' on ift t 

points are experimental data, straight line is the 

graph of equation .5 .. 0.15 tj3 
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SC-CAMLR-Vr/BG/39 

Leqende de la figure 

Dependance de la valeurs ='S/V/hr/l sur tfl : les points 
correspondent a des donnees experimentales, la ligne droite 
est le graphe de l'equation =O,15t. 

Leyenda de la Figura 

Dependencia del valor~ =c/vjhy/l de ta : 105 puntos 
corresponden a datos experimentales, la linea recta es el 
grafico de la ecuacion =O.15t . 

liQ&nHch K PHCYHKY 

3aBHcHMoCT h Bem{LfHHhJ i::, =lS/vjhyll OT t,; 
TOLfKH - AaHHwe BKcnepHMeHToB, rrpHMaH nHHHH -
~pa~HK ypaBHeHHH = O,15t . 
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SIMULATION OF RECOVERY RATES OF FISH STOCKS IN THE SOUTH GEORGIA AND 
KERGUELEN ISLANDS AREAS 

R.C. Hennemuth, K.D. Bisack and G. Duhamel 
(USA, France) 

Abstract 

The benefits of conservation measures are generally 
based on the rebuilding of the depleted stocks and 
improvement in yields. It is desirable that such 
measures be based on the expected rate of recovery 
relative to rates of fishing. 

A simulation model based on a probabilistic recruitment 
function was developed to provide long-term projections 
of the magnitude and rate of recovery of important fish 
stocks. While annual recruitment is the primary factor 
affecting recovery, the age of first recruitment is also 
an important consideration. 

The simulated yields correspond, on the average, with 
the past observations. The simulations may prove useful 
in comparing observed performance of regulations to the 
expected outcomes from the simulations. 

Les avantages des mesures de conservation sont 
g~n~ralement bas~s sur la reconstitution des stocks 
d~peupl~s et l'am~lioration des rendements. 11 est 
souhaitable que de telles mesures soient basces sur le 
1:illlX prevu de repeuplement par rapport aux taux 
d 'exploitation. 

Un modele de simulation bas~ sur une fonction de 
recrutement probabiliste a ~te mis au point afin de 
fournir des project.ions a long terme sur la magnitude et 
le taux de repeuplement des stocks de poissons 
imporl:ants. Eien que le recrutement annuel soit le 
principal facteur affectant le repeuplement, l'8ge au 
premier recrutement est aussi une consideration 
importante. 

Les rendements simul~s correspondent dans l'ensemble aux 
observations ant~rieures. Les simulations peuvent 
s'av~rer ut1.10.f; si 1 'on compare la performance observee 
de la reglementat1.0n aux resultats prevus des 
simulations. 
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Resumen 

Los beneficios de las medidas de conservacion se basan 
generalmente en la reconstruccion de las reservas 
agotadas y el mejoramiento en los rendimientos. Es 
deseable que tales medidas esten basadas en la tasa 
esperada de recuperacion relativa alas tasas de pesca. 

Se desarrollo un modelo de simulacion basado en una 
funcion probabilistica de restablecimiento para 
proporcionar proyecciones a largo plazo de la magnitud y 
tasa de recuperacion de importantes reservas de peces. 
Mientras que el restablecimiento anual es el principal 
de los factores que afectan la recuperacion, la edad de 
primer restablecimiento es tambien una consideracion 
importante. 

Los rendimientos simulados guardan correspondencia, en 
el promedio, con las observaciones pasadas. Las 
simulaciones pueden resultar utiles para comparar el 
desempeno observado de los reglamentos con los 
resultados esperados de las simulaciones. 

Pe310Me 

nonb3a Mep no coxpaHCHHIO 3aKnlO4aCTCH B 

OCHOBHOM B BOCCTaHOBneHHH I1CTOLLI,CHHblX 3unaCOB 11 

YBCJll1'leHI1I1 BbInOBa. )l(cna'fCJl bHO, 'lT06bl 3TH Mepbl 

OCHORWBanHCb Ha O~HABCMhlX BcnH4HHBX TCMnOB 

BOCCTaHOBnCHHH no OTHorneHHIO K I1HTCHCHBHOCTH 

npOMblCJla. 

C ~CJlblO nOJIY4:CHHH AOJII'OCPO'lHblX nporH030B 

OTHOCHTcnbHO YPOBHR H 'feMUB BOCCTaHOBnCHHH 

Ba>KHblX Pbl6HblX 3anaCOB 6blJla PB3PB60TBHa 

I1MI1TaqHoHHBH MOAcnb, OCHOBBHHBH Ha 

BepOHTHOCTHOii tPYHKqHH nOIlOJIHeHHH. B TO BPCMH, 

KUK C>KCrOAHOC nononHCHHe HBnHCTCH OCHOBHWM 

tPtlKTOPOM, BJIHHIOl.LI,I1M HU npo~ecc BOCCTaHOBnCHHH, 

TaK~e O'leHb Ba~HO yqHTWBaTb 11 B03paCT npl1 

nepBOM BXO~ACHHI1 B 06JlaBJll1BaCMblii 3allac. 

nonY4:CHHble C n01v[01ltblO HMHTtlql10HHOH MOAeJl11 

Benl14:HHW ynoBoB B CPCAHCM COOTBeTCTBYIOT 

CAcnaHHblM pUHce Ha6JlIOACHHHM. 3TH HMHTa~HoHHble 
MOAcnl1 MoryT OKa3aTbCH nOJIC3HblMl1 IIPH cpaBHCHl111 

Ha6JlIOAtlCMblX pe3yn bTtlTOB npHMCHeHHH Mep C 

OJKHAaCMblMH pe3ynbTaTBMH, nOJlyqCHHblMH C 1l0MOl1(blO 

I1MHTBqHOHHWX MOAcneii. 
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SIMULATION OF RECOVERY RATES OF FISH STOCKS IN 

THE SOUTH GEORGIA AND KERGUELEN ISLANDS AREAS 

I. INTRODUCTION 

The Fish Stock Assessment Working Group concluded from analysis 

completed at its 1986 meeting that the stocks at South Georgia Island 

(Subarea 48.3) and Kerguelen Island (Subarea 58.5) have been depleted by 
heavy fishing (Report of the Fifth Meeting of the Scientific Committee, 

1986). N. rossii was deemed severely depleted, and the Commission agreed 

that only small, unavoidable by-catches should be taken. The group also 
estimated that the stock could be expected to increase at an approximate 

rate of 30% per year with no fishing on it. C. gunnari and N. gibberifrons 

around South Georgia Island were also deemed to have been reduced to low 

enough stock sizes to cause concern. 

The Scientific Committee recommended that the Commission take steps 

to ensure recovery of the fish stocks. Several options for action with 

respect to C. gunnari and N. gibberifrons were put forward which included a 
range from no fishing to limiting catch to the 85-86 season level. None of 

the options proved acceptable. 

This paper presents projections of the stocks and catch over the 
next 20 years for the major species of concern at different fishing 

mortalities. These projections provide estimates of the expected annual 

rate of change of the stock sizes and yield. 

Recruitment of new cohorts to the stock is the most important 

factor determining the rate of recovery of the stocks. The 1986 Fish Stock 

Working Group analysis provided some estimates of the sizes of past 

recruiting year classes. The time series for estimates is rather short, 

and the data upon which they were based rather poor. The effect of factors 

such as stock size and environment on the size of recruiting year classes 

is not known. 
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The simulations provide a measure against which the actual results 

of any recovery program can be compared. 

11. METHODS 

Because of the state of available data, we have taken a data-based 

modeling approach. Annual recruitment is estimated from a probablistic 

model. This is used in a simulation model which is otherwise 

deterministic. The projections, in effect, represent samples from some 

rather large universe of possibilities from which expected rates of 

recovery and measures of variability are obtained. 

In the model for projecting future fish stock size, natural 
mortality and growth parameters may be assumed to not change much over 

time, at least relative to the effects of recruitment. With these fixed 

parameters, the recruitment and structure, stock size and yield for the 

next year are calculated using the Murphy catch equation. The size of the 

recruiting year class affects the future stock size far more than the 

growth and mortality factors, except for fishing. 

1. Recruitment Function 

The approach used in this paper is to fit a mixture of lognormal 

distributions by a modified kernel method to recruitment data and to use 
this distribution to generate observations for recruitment. The 
nonparametric method employed is a variation of the kernel technique. The 

distribution to be estimated is approximated by a mixture of lognormal 

distributions. There is one lognormal (known as a Kernel) for each 
available observation. Each kernel is "centred" so that its geometric mean 

is located at the corresponding observation. The logarithmic standard 

deviation of the various kernels is known as the bandwidth. The bandwidth 

was taken to be proportional to the geometric mean; i.e., the coefficient 

of variation was constant. 
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The central theme in application of kernel methodology is 

determination of suitable bandwidth. OVerly small bandwidths yield 

estimated pdf's whose graphs have a rough, jagged appearance. Excessively 

large bandwidths smooth the probability mass over a wide interval, losing 

most of the local features of the data. There is extensive literature on 
kernel methods (Wertz and Schneider, 1979) and we will not here dwell upon 

the technical aspects except to point out that bandwidth determination was 

done through cross-validation. 

A universal recruitment model was fitted to pooled data consisting 

of recruitment series for 18 fish stocks from various parts of the world 

(Hennemuth et al., 1982). The pooled data were scaled to normalize 

magnitudes which varied among species, and combined into a single large 

data set consisting of 325 observations. The histogram of the combined 

data set is shown in Figure 1. Superimposed is the fitted kernel estimate. 

The kernel fit, while generally acceptable, does exhibit a leftward bias 

for small year classes. We have been able to remove most of this bias by 
using variable bandwidths. As noted, recruitment data for the South 

Georgia and Kerguelen Islands area stocks are limited and could not be used 
for direct fitting. 

In order to use this method of generating recruitment for the 

present study, the recruitment curve was adjusted to the arithmetic mean of 

the size of recruiting year classes of the South Georgia stocks. Figure 2 

displays some of the frequency distributions of the size of annual 

recruitment generated for the various simulation runs. 

2. Age of First Recruitment 

The age of first recruitment to the fishery stock was determined by 

analyzing the instantaneous fishing mortality rates from the VPA for each 

year. The mortality rates of each age within a year were scaled from the 

age of maximum mortality rate within that year to the lowest age of fish 

caught. The estimated fishing mortality at age was rather variable from 

year to year. The age of first recruitment was chosen based on the most 
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consistent significant catches of the younger age groups. The age of first 

recruitment generally corresponds to 10% of full F. Table 1 displays the 
initial age and average size in numbers of recruitment for each species. 

The arithmetic mean of the size of the recruit was used to adjust the scale 

of the generalized recruitment function. The arithmetic mean of all years 
was used as the average of the size of the recruiting age groups. The age 

of first recruitment derived from the VPA data was also used for the survey 
analysis of one year's data. 

3. Simulation Model 

The simulation model calculates, using the Murphy catch equation, a 

time-series of catch and remaining stock sizes given various levels of 

fishing and natural mortality, initial stock. size, and recruitment. 
Recruitment was generated by the kernel method described in the preceding 

paragraphs. The starting parameters used in this analysis are displayed in 
the data section. 

The output of the model includes stock size (numbers) and biomass, 

catch numbers, and weight; averages and standard errors are also produced 

for each of the 20-year runs. For each set of parameters, ten simulation 

runs were made. The average of the ten runs for each year was also 

calculated to show major trends. This average is not, however, a valid 
measure of the expected yearly simulated values. 

III. DATA 

1. South Georgia 

The VPA's used by the CCAMLR Fish Working Group (see Working Group 
Report, SC-CAMLR-V/4), which included fisheries for N. rossii, 

N. gibberifrons, and C. gunnari in South Georgia Island waters, were used 

as one data base for age composition, recruitment, fishing and natural 

mortality rates, initial stock size, and biomass. A second estimate of 
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initial stock size, biomass, and age composition was based on 1987 

US/polish research vessel survey data, where biomass estimates were based 
on swept-area calculations (Gabriel, 1987, SC-CAMLR-VljBG/12, Rev.l). 

Estimates of initial stock composition (numbers at age) were 

calculated by averaging years 1983 and 1984 for all three species in the 

VPA's. SURVAN, a groundfish survey analysis program, processed the 1987 
research vessel survey data into biomass estimates and population estimates 

by length. K.-H. Kock's age/length table for N. rossii from South Georgia 

in January/February, 1985 (SC-CAMLR-IVjBG/12) was applied to convert the 

research vessel survey length data to population estimates by age. 

Split-year Polish age/length tables from fishery catch samples were 

available for N. gibberifrons : 76/77, 77/78, 78/79, 80/81, 81/82; and 

C. gunnari : 76/77, 77/78, 78/79, 80/81, 81/82 and 83/84. The annual 
age/length keys for each of the two species were combined and normal curves 
of ages were fit within each length interval to obtain estimates of 

population numbers at age. Avon Bertalanffy age/length equation was used 
when the age/length keys did not cover the range of lengths. The parameter 

estimates for von Bertalanffy's equation came from the BIOMASS Scientific 

Series No. 6, 1985, by K.-H. Kock, G. Duhamel, and J.-C. Hureau. 

The terminal-year fishing mortality coefficients in the VPA's were 

used for the fully recruited age groups. A vector of partial fishing 
mortality rates was developed from a multiplicative analysis of variance 

model (In F = 1n age + 1n year) incorporating year and age effects which 

was fit to a matrix of log F's from the 1980-1984 VPA's. The retransformed 

vectors of age-specific coefficients were used as the partial recruitment 
vector. The coefficient of determination (R2) for the models for 

N. rossii, N. gibberifrons, and C. gunnari was 0.897 and 0.599, and 0.740, 

respectively. 

Table 2 displays the final format of the data. 
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2. Kerguelen 

The VPA's estimated by Duhamel (1987, phD. unpublished), for 

N. rossii and N. squamifrons fisheries on the Kerguelen Island shelf, were 
used to obtain the parameters for simulation (Table 3). 

Estimates of initial stock composition (numbers at age) were 
calculated averaging years 1982 and 1983 for N. rossii, and 1985 and 1986 

for N. sguamifrons in the VPA's. The coefficient for determination (R2) 

for the models for N. rossii and N. squamifrons was 0.878 and 0.496, 

respectively. 

IV. RESULTS 

Graphs of the ten stock size projections and the mean for the 

various species and fishing mortalities are presented in Figures 3 to 18 

for South Georgia stocks and 19 to 22 for Kerguelen stocks. The averages 

of the ten 20-year projections for the stock size and catch in numbers and 

weight are given in Table 4 (South Georgia) and Table 5 (Kerguelen). It 

may be useful to reiterate here that the higher F is the terminal F value 

used in last year's VPA's, and the lower is half that excepting N. rossii 

at South Georgia where the highest F of 0.5 is taken from Saila et al. (MS) 
(see SC-CAMLR-VI/3) analysis. The SURVAN projections are in units relating 

to the Polish research vessel catchability factor which is obviously less 

than that of the commercial vessels. One can compare only the relative 

rates of change. 

1. Stock Recovery Rates 

1.1 N. rossii 

1.1.1 South Georgia 

For the VPA-based projections at F = 0.089, the stock 

size increases steadily to its peak at about 2.5 times 
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the starting value in seven years; it doubles in five 

years. For F = 0.177, the stock size increases to its 

peak again at about 2.5 times the starting point in about 
12 years; doubling in about seven years. For F = 0.55, 

the stock does not exhibit any trend of recovery. 

With the survey data, the stock declines by a third or 

more for all F values in from six to eight years, after 

which it stabilizes at the lower size. 

1.1.2 Kerguelen 

The VPA-based projections indicate that at F = 0.38 the 
stock increases by a factor of 2 in about five years; 

however, the recovery is only 1.7 times the initial size 

with F = 0.76. 

1.2 N. gibberifrons (South Georgia) 

The VPA-based projections indicate that at F = 0.071 the stock 

increases to about 2.8 times the initial size in ten years; it 
doubles in about five years. At F = 0.142, the stock peaks at 

about 2.5 times the initial size in 15 years and doubles in 11 

years. For the survey data base, the stock increases slowly by 

about 50% over the 20 years at F = 0.071. For F = 0.142, the 

stock does not change significantly. 

1.3 c. gunnari (South Georgia) 

The projections for this stock do not indicate any recovery at 

any of the fishing mortality coefficients for either of the data 
sets. The mortalities are higher than those applied to other 

species, as is the magnitude of stock size (note the different 
ordinal scale on the plots). 
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1.4 N. squamifrons (Kerguelen) 

At F = 0.36, the stock almost doubles in five years and 

increases slowly but continuously over the 20 years. For the 

vpA-based projection at F = 0.72, the stock size increases to 

about 2.3 times the initial value in five years. 

2. Biomass and Yield Changes 

The projections of stock biomass and yield for the same data sets 

used to describe stock size trends are portrayed in Figures 23-29 (South 
Georgia) and 30-31 (Kerguelen); the data are contained in Tables 4 and 5. 

2.1 South Georgia 

2.1.1 N. rossii 

The trends in stock biomass are, of course, similar to 

those of stock numbers, but the biomass doubles in less 
time than it takes for the numbers of fish to do so. 

This results from the increasing numbers of older fish 

compared to the initial age composition. For the VPA 

data set at F = 0.55, the catch peaks in about five to 

nine years at a level double the initial yields; 

thereafter it declines slowly. At F = 0.177, the yield 

rises slowly, peaking in 15 years at about 5 times the 

initial yield. At F = 0.089, the yield peaks at ten 

years at 6 times the initial yield. 

The survey data set indicates continuously declining 

yields at F = 0.55, while at the lower fishing 

mortalities the yield increases slightly at first, but 

does not change significantly over the projection period. 
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2.1.2 N. gibberifrons 

As with N. rossii, the trends in stock biomass have a 

pattern similar to that of stock numbers but with the 

biomass doubling in less time. 

The yields increase steadily to about 4 times the initial 

yield at the end of the 20-year simulation, doubling in 
four years for both mortalities. 

For the SURVAN data set, the yields do not change. 

2.1.3 c. gunnari 

Projections from the VPA data set indicate immediate drop 
in yields at both fishing mortality levels, followed by 

increases in the 4-10-year period and further decreases 

thereafter. Projections from the survey data base 

illustrate highly variable changes in yield, but no 

long-term trend at F = 3.5; a short-term increase by 2X 

in six years, decreasing thereafter at F = 1.75; a 

doubling in yield in 11 years at F = 0.875. 

2.2 Kerguelen 

2.2.1 N. rossii 

The trends in stock biomass show a similar pattern to the 

stock numbers. For the VPA data set at F = 0.76, the 

yield peaks in six years at double the initial level; 

thereafter, it declines slowly. At F = 0.38, the catch 

peaks in ten years at about 4.2 times the initial yield 
and is followed by a small decline. 
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2.2.2 N. sguamifrons 

The trends in stock biomass again show a similar pattern 
to the stock numbers. The yields increase by a factor of 

4 for F = 0.72 and by 6 for F = 0.36 at the end of the 20 

years simulated. 

3. Summary of Trends 

3.1 South Georgia 

The entries in Table 6 summarize the points of reference for the 

various projections. In general, for N. rossii and 

N. gibberifrons, the stock size recoveries were larger for the 
lower F's used, and indicated recovery to over double the 

initial size in from 8 to 15 years. Recovery of stock biomass 

was relatively larger and faster. The survey-data-based 

projections indicated recovery only for c. gunnari at lower F's. 
N. gibberifrons indicated no significant changes, while 

N. rossii yields and population decreased at high F and did not 

recover at lower F's. The differences are likely due to the 

fact that only the one year's point was available for determinig 
recruitment year-class size in the survey catchability units. 

The accuracy is unknown. This applies as well to the numbers at 

age for the initial population, but this is of less concern 

since the simulation will tend to equilibrate after a few years. 

The situation for c. gunnari is obviously different. The stock 

does not recover but rather declines, except for the lowest 

mortality in the SURVAN data set. The relatively high fishing 

mortality is likely responsible. Another factor is that the 

full mortality is applied from the age of recruitment, which 

corresponds to the pattern observed in the data. perhaps a 

marginally significant increase in yield would occur at F = 

0.875. 



- 241 -

3.2 Kerguelen 

The entries in Table 7 summarize the points of reference for 

various projections. In the Kerguelen area, the stock size 

recoveries are larger for the lower F's. At F = 0.38, the stock 

size for N. rossii doubles in five years. Note that for 
N. squamifrons, the higher F doubles in four years and the lower 

F in ten years. However, the stock population over 20 years 

remains relatively low and constant. If the maximum increase 

factor for the high F is compared with the low F, there is a 

relatively smaller change in stock size, but a significantly 

larger change in the yield. The larger change in yield would be 

due to the shift in the age composition. 

v. DISCUSSIONS AND CONCLUSIONS 

The results have defined, under the constraints of the fishing 
mortality rates applied, the probable recovery rates of the stocks. It has 
been demonstrated for the simulations based on the VPA data set for 

N. rossii, N. gibberifrons, and N .. squamifrons, that recovery within a 

reasonable time period might indeed be expected. For C. gunnari, this is 
not the case. With the initial stock size and age composition taken from 

the 1987 US/polish research cruise data, the stock simulations indicated 

less and slower recovery; some declined. 

The major factors affecting the results are the recruitment and 
fishing--both the level of F and the age at which it is applied. 

1. Recrui tment 

The probability density function used, and the random year-by-year 

s~lection from it, assume that the past average recruitment will continue, 
and that the frequency distribution of various sizes of the recruiting year 

class follow the "universal" set of data. In the simulation, stock size is 
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not a directly dependent variable, but the historical set of observations 

from which the pdf is derived would implicitly account for the influence of 
the various factors. Use of the usual stock and recruitment relations, 

however, would not much affect the results of the relative recovery rate. 

2. Fishing Mortality 

The F applied to the terminal year of the VPA's (1985) was derived 

from the Federal Republic of Germany's 1985 survey results for the South 

Georgia stocks. The VPA indicated considerably higher F's in previous 
years. Higher fishing mortality rates would certainly reduce the amount 

and rate of recovery illustrated in the analysis. This is demonstrated for 

N. rossii if the higher 1986 mortality rate in Saila et al. is applied. 

Another aspect of fishing mortality is the distribution over the young 

ages. This is demonstrated in the simulations for c. gunnari, where the 

full F was applied to the recruiting year class. The stock declined and 

both the stock size (and biomass) and yield illustrated large changes from 
year to year; they were highly dependent on the size of the annually 

recruiting year class. Past data indicate that for some years the other 

stocks also had high mortalities on younger age classes. 

The lack of data about the Kerguelen stocks before the 

establishment of an Exclusive Economic Zone (1978) must be pointed out, but 

from the beginning of exploitation (1970) to this date, high levels of 

catch were reported and, hence, probably also mortality. The current 

fishing rates have been reduced following the conservation measures (lower 

F level or F = 0) and now the rate of recovery must be close to the 

simulation model results. 

3. Yields 

The magnitude a~d pattern could change markedly from those 

simulated, depending on the pattern of fishing. It may be noted that the 

fluctuating yields of C. gunnari simulated here tend to be similar to past 

observations. 
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The application of a constant F and partial recruitment over the 
years in the simulations is not what has been observed in the past 

fisheries. Also observed is that fishing mortality is increased on large 

recruiting year classes. The yield and population is most likely higher in 

the simulations than in practice, because a constant F is the more optimal 
method for longer-term yields. 

The magnitudes of average annual yields from the simulations 
(VPA-based) compared to the reported catches are given in Table 8. 

The close correspondence of average simulated yield to average 
observed catch cannot be used simplistically to validate the simulations, 

nor to judge the correct magnitude of F. Because the simulations were 

based on the VPA's which are calculated from fishery data, the average 

reported catches are not independent of the simulated yields. However, it 
does provide an indication that if the input parameters are suitably scaled 
to the commercial fishing practices, the recruitment model and the 

simulations provide results which can be used to judge probable future 
realizations. 

The simulated yields point out the important result that the yield 
per unit F is higher, particularly for C. gunnari, for the lower fishing 
rates. 
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Table l. Initial age and numbers in millions of individual recruits 

South Georgia Kerguelen 
Average Average 

Recruitment Recruitment 
Age VPA Survey Age VPA 

N. rossii 4 4.152 0.151 5 1.725 

N. squamifrons 7 1.189 

N. gi bberifrons 8 15.132 3.322 

C. gunnari 3 228.540 260.218 
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Table 2. Parameters used for simulation model (South Georgia) 

Initial Stock Size (millions) 
Age VPA SURVAN F Vector Biomass (kg) 

N. rossii 

4 0.3036 0.735 
5 3.235 1.033 0.5228 1.526 
6 2.299 0.903 0.6501 2.382 
7 1.071 0.535 0.9664 3.090 
8 0.285 0.255 1. 0000 3.808 
9 0.091 0.127 1.0000 4.430 

10 0.071 0.051 1.0000 5.013 
11 0.023 0.022 1.0000 5.586 
12+ 0.006 0.029 1.0000 6.077 

N. gibberifrons 

8 0.4496 0.331 
9 9.220 3.603 0.5807 0.433 

10 4.102 3.598 0.6695 0.522 
11 2.391 2.939 0.8597 0.578 
12 1. 651 2.070 1.0000 0.659 
13 1.006 1. 361 1.0000 0.708 
14 0.877 0.769 1.0000 0.784 
15 0.304 0.409 1.0000 0.877 
16 0.000 0.214 1.0000 0.923 
17 0.000 0.093 1.0000 0.999 
18 0.000 0.037 1.0000 1.079 
19+ 0.012 0.022 1.0000 1.124 

C. gunnari 

3 1.0000 0.132 
4 60.985 20.844 1.0000 0.256 
5 35.113 7.196 1.0000 0.359 
6 8.853 2.432 1.0000 0.435 
7 2.918 1.152 1.0000 0.480 
8 0.836 0.745 1.0000 0.534 
9 0.418 0.282 1.0000 0.582 

10+ 0.626 0.191 1.0000 0.665 
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Table 3. Parameters used for simulation model (Kerguelen) 

Initial Stock Size Biomass 
Age (mill ions) F Vector (kg) 

N. rossii (Kergue 1 en) 

5 0.1978 0.988 
6 0.959 0.3662 1.490 
7 0.483 1.0000 2.058 
8 0.172 1.0000 2.672 
9 0.121 1. 0000 3.319 

10 0.103 1.0000 3.975 
11 0.051 1.0000 4.632 
12 0.038 1.0000 5.271 
13+ 0.028 1.0GOO 5.897 

N. sguamifrons (Kerguelen) 

7 0.0979 0.245 

8 0.640 0.2278 0.349 

9 0.420 0.3061 0.457 

10 0.241 0.3210 0.549 

11 0.118 0.4674 0.707 

12 0.043 0.6418 0.846 
13 0.012 1.0000 0.991 

14+ 0.001 1.0000 1.142 
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Table 4. Average of the Ten 20-Year Projections for Stock Size in 
Numbers (X 10- 6 ) and Weight (X 10-3 ) 

Stock Cat<;h 
Year Weight Weight 

N. rossii VPA F 

1985 18.935 2.006 
1986 21~ .. 454 :5.122 
1 'is 7 34.053 <\ ,293 
1988 42~O97 5 ~ 4']>7 
1989 48.721 6.558 
1990 55.2.59 ?r513 
1991 !59.713 8 .. 29!:''j 
1 ~'92 64.645 8 ... fJ99 
1993 67,412 9.223 
1994 69,213 9.468 
1995 71,749 10.103 
1996 73.570 10.228 
1997 76.771 10.381 
19'7'8 81~222 11.151 
1999 80.340 11 .248 
2000 BO.1E:l 11.625 
2001 74.125 10.669 
2002 7;'5.144 10.603 
2()O3 73 .. 373 10.395 
2004 74 .. 520 10.228 

AVE 63.380 8.570 

N. rossii VPA F 

:L 98~i 1D (·930 :L .041 
1 ~j'8 6 28 .. ~540 1 777 

t .. W I 

1 r)o-;' . ., \ ..... / 38 f203 2.54-4 
1?:38 4\},.C)Ol 3 . 4:[ ,~ 
19B'i 01.) , 1 "'"1 ... '::> ..... 4 .326 
1'7''7'0 70+ 416 5 i- 1'''' L .:~ u 

19'7'1 79·}O99 5.838 
1 '792 (C:4 , :::~ -4;2 '~" 21'9 
1993 B,::, .570 6 .. 485 
199'-1 8\-:." 5~39 6.560 
:1.995 85 .008 6 .51 1 
1 '7'9 6 ,~\ .. - .27·4 6 • ,526 uc· 

1'7'?1' BC> .,.' ("". I .256 .DOl Cl 

1 S09 8 -, r~ 120 "" .964 ;' 7 .. d 

1999 79 .. E:5~5 5.95'7 
2000 ',1::-

/ ,..t . 1. 1S "'. t 55,~, '-' 
2001 73.395 5.579 
2002 74.454 5.666 
2003 71.571 5.411 
2004 75.960 5.636 
AVE 69.170 5.130 

Stock 
(No's) 

= U.177 

11 .441 
13 .. 346 
1~.;?532 

18.:.i90 
18.741 
21 .162 
21 t 86.'1 
25 .. ,~)2·5 
24.601 
25.111 
25.~:;:31 

26.41'7 
30.624 
2E:.\J.j?2 
2b.452 
26 .. 671 
24.071 
.., r:- / -'1 ii 
.:...J+\J/~J. 

24 .. 55~; 
27+45~5 

23.110 

= 0.089 

11 .433 
14 .B91 
It. · 552 
20 .325 
23 .028 
24 · 4 4 ~5 
27 .31'2 
''17 ,:..., .913 
27.245 
'17 .. '~ ; • ~:j5·~ 
25 .561 
,..,'" ~d .336 
23v752 
--, t::" 
::':d • ~j,:S:l 
25 · 842 
23 ,-, I c..-

t I:'O-,J 

22.618 
24.119 
22.508 
25.292 

23.260 

Catch 
(No's) 

0.990 
1 .. 319 
1.624 
1 .. '7'6D 
2.146 
2 t 36~' 

2~542 
2 .. 7 I:t.;~. 
2.859 
2 .. 8 <i::5 
3.040 
3.055 
3.288 
3,3BO 

3.312 
3.004 
2.991 
2.949 
3.02? 

2.640 

0.511 
0.742 
O. 937 
1 . It..J 
1 ~ 3 7~) 
1 .51·4 
1 • 68:'i 
1 + l7:::~ 

1 ,7 1:;' 
f..', .... 1 

1 .79:'3 
1 .733 
1 t'?O~\~ 
1 .612 
1 .589 
1 . 617 
1 t 5 ~5 (I 
1.519 
1.548 
1.477 
1.546 

1.460 
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Table 4 (continued) N. rossii SURVAN F 0.177 

Stock Ca.tch 
''i~ e·::\r- Wei ght !iJei ,;)ht Stock Catch 

-
1 ''187 -, 56 96 3. 08 35 ! 

1988 8. 28 1 16 2. 80 36 
1989 ~73 • ~;O 1 29 2. 54 36 
1990 8 22 1 · 26 2. 18 31 
1991 7 t::",--' 

..... 17 1 16 1 · 91 27 
1992 ,:J • A'= _ . ..J 1 · 02 1 59 22 
1993 ~"'j. 34 81 1 · 29 18 
1 ':;>94 3. '1f:::- 0=0:- 1 05 1 ::':; / . ..J · ....J....J 
1995 2. 34 33 80 09 
1996 2. .35 · 3.3 7"7' (le? 

1997 2. 28 · 32 80 09 
1998 :2. 22 31 · 81 09 
1999 2. 32 · 32 87 · 1 I) 
2000 2. 34 · ~52 · 85 10 
200:l ", 41 34 82 10 ...:: .. · · 
200:;;; 2. 42 34 82 10 
2003 :2. 37 33 84 10 
2004 :'2 " 42 · 34 86 10 
2005 2. :SO .34 92 · 10 
2006 2. 49 '71:::-

''';' • ..1 8!5 10 

AVE 4. 22 , 1 1 ""':!'-:: 17 co '-"-' 

N. rossii SURVAN F 0.089 

1987 7 58 .50 3. 10 18 
1988 .::. 

'_J .. 7Cj' Le ,--,,_I 2. E37 20 
1989 9. 0=0= 

...J . ..J 77 :2 .. ,~,8 · 21 
19'7'0 9. 88 80 :2. ;::;0 · 19 
1991 9. 73 79 '''' L. 34 17 
1992 S'.08 . 73 2. 10 · 15 
199.3 7 ' c: ,:, 1 1- 80 13 o...J · 
1994 5.32 42 1 35 09 
19':;>5 2.95 22 9:3 06 
1996 2. 94 93 06 
1997 3.05 .23 .94 06 
1998 3. 06 23 93 · 06 
1999 2. 99 ',7 .. ..::, . ...:. 92 06 
2000 2. 94 1 02 06 
2001 2.99 ..:.. .. :.. 1 .02 06 
2002 2. 98 1 01 06 
2003 ::::; .. 1 1 23 1 02 07 
2004 3.16 .24 .98 .07 
2005 3.14 .24 .94 .06 
2006 3.13 .24 .97 .06 

AVE 5.20 .40 1.52 .10 
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Year 
Stock 
Weight 
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Catch 
Weight 

Stock 
(No's) 

N. rossii VPA F = 0.55 

1987 
1988 
1989 
1 <1'10 
1991 
1992 
19'7'3 
1 'i S:' 4 
1995 
1996 
:t'i9? 
1998 
19'79 
2000 
2001 
2002 
2003 
2004 

AVE 

1987 
1988 
1989 
19'7'0 
1991 
1992 
1993 
1994 
1 S;'95 
1996 
1997 
1 "rH, 77.:J 

1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 

AVE 

26.1:34 
30.838 
33.217 
3:!,. 894 
33.'7'04 
34.029 
:.3~j .. :.353 
34.201 
,.--;. "1"[ 
\...J': .. t ",,'Q I 

2S'tl77 
2B.656 
28.126 
27 .. 530 
26.704 

26~038 

26.?lB 
29,244 
32 + ~)6';s 

29.710 

N. 

7 

rossii 

56 
6. -.1=' .. ::. . ...) 
4.77 
3.39 
2.38 
1 • ?~S 
1 .36 
1 10 

96 
9,~ 

9"'J. 
.89 
82 
7D ! ,~ 

78 
.79 
.82 
.84 
.85 
.89 

1.94 

5.472 
'.7.401 
9.321 

10.475 
11.416 
11. 168 
11..119 
11 t 3:.36 
11.41::>' 
1010945 
10.187 

9 t :391 
9.254 
8.987 
8.979 

8.494 
() t. L'1 
'._' t ~ .• ' 1.... II':~ 

9. 17,6 
10.0'B 

9.600 

SURVAN F 

2. ~;7 
:2.31 
1 88 
1 ~53 

91 
,~5 

47 
37 
31 
~52 

31 
30 

. 28 
26 
25 

.25 

.26 

.27 

.27 

.29 

.69 

= 

lb.803 
15.459 
16.AOO 

:l:~Jt::~2~,) 

15t242 

12.725 
14.4BA 
1~\.461 

121-991 
12.595 
13,033 
12.81.5 

15.010 

0.55 

3,. 08 
2. 1" '-' 
1 · =i 1 
1 01 

72 
• ,~2 
56 
48, 

· 47 
.47 
44 

.40 
35 
:3 El 
40 

.39 

.42 

.42 

.42 

.47 

.76 

Catch 
(No's) 

3~963 

4.381 
4.422 
A.576 
4,475 
4.47A 
4t?3:1. 
4.410 
4.0';>7 
3.744 
:3.730 
3.6:36 
3.529 
3.502 
3.46\1; 
~5t44:) 

4.035 
·:j,506 

3.980 

96 
7"+ 
55 

.36 
24 
19 

· 16 
13 
13 
1:5 

· 12 

· 1 :l 
10 
10 

· 10 
.10 
.11 
.11 
.11 
.12 

.23 
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Table 4 (continued) 

Stock Catch Stock Catch 
Year Weight Weight (No's) (No's) 

N. gibberifrons VPA F = 0.142 

:L 9 B~:S 17.17,4 1.418 40.381 3.078 
1986 21.613 1..908 46.180 3.831 
1987 25.930 2.421 52 .. 258 4.580 
1988 30.901 3.037 60.974 5.564 
1989 33.582 3.493 61.779 6.002 
1990 35.877 3.804 63.821 ,~. t 302 
1991 38.629 4.141 67 .991 6.728 
1?92 42.955 4.5'14 76,376 7.364 
1993 46.307 4.872 81.429 7.834 
1994 48.705 :5.181 83.243 8.14,! 
1995 49.209 5.378 80.8'/4 8.214 
1'1'16 50.043 5.500 82~831 8.39B 
1997 49.611 5.427 83.242 8t381 
1998 50.822 5.519 85.244 8.4S'7 
1999 54.902 5.790 96.273 9 .. 195 
2000 55.450 5.909 94.855 9.301 
2001 56.689 c' .. 100 95.166 9 .. 45'1 
2002 55.146 6 + 13\S OQ 7Dt::' 

\..,'.) .. I ..... , • ..1 'it2~5:L 

2003 53.200 6.044 83.521 8.893 
2004 51.814 ~ o.-"z (,\ 

;.J .. \..' ..... ' 1 83.075 B.6t,3 

AVE 43.430 4.620 75.420 7.380 

N. gibberifrons VPA F = 0.071 

:L ?B~) 15 ;. 4t,2 0.674 35 .211 1 .416 

1?8.5 20 • ''184 0 r'lCO 44 .78A 1 1-905 t "7,J\_, 

1987 27 · 036 1 ~297 55.052 2. 457 

lO:.'T'B8 33.705 1 .6'T9 66 .247 3.092 

1?89 40 .309 2 • 111 75 • 969 3,679 

1':;:'90 4 "I 829 2.417 76 IQl:" 3.951 ..., . .. ~:. CI'.J 

19 <j\ 1 47 t :;"27 2.708 80 . 267 .if t 2~.:r3 

1 '?'72 51 .993 2.999 85 t \~,2 6 4.579 

1993 54 .968 3.205 87 . 174 4.723 

5? 540 "7 
t 4:2? '7'4 t ::;:6'? C" 012 1??4 .:j .. J t 

J. 9 '~)~) o,~· · 316 ,; t 6 ''1'7' '19 v 7.~,1 5;.27.4 

64 +760 3.743 100 .560 '" ,,360 1 ?9,5 .J 

1 ".""\-, 6·1 , 440 3 ,735 100 .259 5.376 .... ,7:" ; 

l??B 54 • ,:~,O 0 
., 70t:" '19 ~347 5+405 .,:. + l ' • .l .. j 

I. '::;'7"7 6A t7?O 3+?89 100 ~325 5.429 

2000 63 +308 3 .718 '"'7 .. 3'~ 2 5.31"7 7 I 

.~~ 0 01 62 · J.02 3 • [;.:15 95 .011 5 .2',)3 

2002 63.148 3.732 95.686 5.251 
2003 63.700 3.748 97.148 5.277 
2004 64.991 3.762 101.551 5.380 

AVE 51.730 2.940 84.430 4.420 
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Table 4 (continued) 

Stock Catch 
Year (<Jei ght 'Wei ght Stock Catch 

N. gibberifrons SURVAN F = 0.142 

1987 9.83 1. 01 18. 30 1 .75 
1988 10. 65 1 · 13 19. 13 1. 88 
1989 11 .36 1 .23 19. 84 1.98 
1990 1 1 .63 1 .28 19. 40 1. 99 
1991 1 1 o=-n 

\ .. ..10 1 • 30 18 . 51 1.94 
1992 1 1. 86 1 .32 19. 1"'-'-' 1. 97 
1993 1 1 Cl' •• 0 1 .33 19.28 1.97 
1994 1 1. 86 1 .31 19. 03 1. 93 
1995 1 1 .58 1 .28 18. 51 1.89 
1996 1 1 .26 1 '""''''' • ..::.....J 18. 10 1 .85 
19'7'7 10.62 1 · 19 16. 82 1. 75 
1998 10. 46 1 · 16 16.97 1 .73 
1 '7'99 10.38 1 15 16.8'?' 1. 72 
2000 10.54 1 14 17.63 1. 74 
2001 10.54' 1 14 17. 69 1 -"7"" " I . ..J 

2002 10. 87 1 · 17 18. 36 1 .81 
2003 1 1. 33 1. 21 19.32 1.89 
2004 1 1 99 1 .26 21. 1 1 2.02 
2005 12. 17 1 29 20. 98 2.05 

2006 1':7' 40 1 .33 21. 1 1 2.09 

AVE 1 1 24 1 .22 18. 80 1. 89 

N. gibberifrons SURVAN F = 0.071 

1987 9"" <':7'9 · C.~·I --1L 18" 77 .91 

19:::::3 1 1 ~"'.7' .. .' . ..:. 63 21 49 1.07 

1989 12. 52 71 21. 07 < 12 · ~ 

1 990 1'7 '-?El 76 20.3B 1. 14 

1991 13.36 81 20.21 1 10:" ...J 

i992 1 'I .... 24 :35 ?1. 8~5 1 '-.1,-, ..:... ,~, 

1 '::;; '::;;3 15 . ..,. ..... r-,(-, ..... " 17 1.26 . ..: . ...::. .00 ...::.,. .. 
1994 15 .. .', I. 89 23. .'1e:- 1 

.-,c:.,-
"'TL "'._1 " L·..J 

1995 15. 02 ,'f, CoD 22. 14 i .--,r-. 
.1"",::,":: 

19'=Jc., -1.'1 4'7 ::;:7 21.38 1 " :20 "...,. . 
1 t~:;97 13. E:O 8~5 20.44 1 10:" ...J 

199E: "1:3.30 79 19. :30 1. 10 
1999 13. 49 .78 21. 04 1. 12 
2000 13. < = .lo_' 76 20. n:., 1. 10 
2001 14.24 80 23. 27 1 1 '?' 
2002 15. 52 87 ..--.1= .',' 

L,-'" c:.,,=, 1 .30 
2003 15.96 .91 25.41 1.33 
2004 16.00 .91 25.71 1.36 
2005 15.96 .92 26.11 1.39 
2006 16.77 .96 27.31 1.44 

AVE 14.16 .82 22.52 1.20 
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Table 4 (continued) 

Year 

1 S) t: ~:) 
100:' ..... , ' • .J'._' 

1:} 87 
1?88 
1989 
1?90 
1991 
19 '7'2 
1 ')} 93 
19 'i·1 
1?95 
1 ':?96 
1 997 
1'.1'98 
1'7'99 
2000 
2001 
2002 
2003 
200A 

AVE 

:I. 'i B ;:5 
1 '7' 8 6 
1 '7' 8 7 
l '? :3 8 
1 " 8 ';" 'X 

1 '.? '7' 0 
., "? ''7' 1 , n 

'? ? '.2 
.1. 

.-, S) ~3 
1 (? 9 .. ~ 

... 9 ? " J 

1 Co (? ,~, 

:l ? \7' -, 
1 s;" (? :3 
1 ';:0 

,.', i:;."' 
" 

. .:.:. (J (! IJ 
.... , 

0 0 1 .. 
2002 
2003 
2004 

AVE 

Stock 
Weight 

Catch 
Weight 

Stock 
(No's) 

C. gunneri VPA F 3.50 

63 .. 974 60 · 15'0' 332 .A66 
23 t :;::55 '! ,"") . .; ~z ~I 

~._ \- ···t· ...... <..} 169 · 194 
21 .:781 20 .482 160.517 
30 · .:'>20 28.794 227 .. B..:1·1 
33.554 31 .553 248 .. 388 
38. 6'1") 

I ~I 36 .324 28c) .269 
27 t 4 El8 25 .8A9 200 .916 
40 9 C '7 t __ 1/ 38 1'515 305 .074 
32 · 151 30.234 235.800 
48.264 45 .386 3 ~59 .549 
29 .0·i4 27 .. 359 211 '11:,- -

t ...:..J,j 

40. lJ '7 ~5 38 t 2,68 302 .790 
21 .303 20 · 033 I53 I. 1 C' 

t d\.)...) 

30. 'i69 29 · 123 230 1'588 
32+756 30 .803 242 .277 
1':;> · ~::'92 18 .. 235 140 .696 
32 · 'i89 ~1 . .:. ... .022 246 .247 
.3 ~5 t :396 33 .. 285 2,51 1-890 
27 • )'11 

r; , 058 203 .218 "':':0 · 3?I-052 3,1:. . • 723 2S')0 t :j 9~) 

33.530 31. 530 140.460 

C. gunneri VPA F = 1.75 

.6 1 .; 7 85 4 E: · ..... Q 6 .6 :3 1 5 · 8 8 4 

'" 0 :.3 5 7 3 '7' E: 2 7 3 1 7 ~-) 5 6 ._' , · · 3 8 · A 1 6 j 0 · 3 8 A 2 37 , j 4 3 
4 B 0 1 I ... • :3 '7 ':;' 7 ~- 32 2 7 4 2 · ,J · ,J · 
b 4 · 0 1 B !50 .> cS 32 4 33 · 2 4 <=' 

~, 

" ~:~ <I :3 '" /{ 1 (;,.- 1 1 :.3 ~. !3 ~; :: '" ,J -.. 1 , 
"-= 

.: · ,) 

,6 :: ::: () ? (1 '7' 2 'l /' -4 1 5 · ;) ::: 1 
t.. 4 :3 :::: (j L:'- 0 ? 1 '~:: 1.1 20 .:',) 7 

., 
" i 

() 9 ." .? 6 :3 ,", I'." '::J 3 " 08 S 0 '-, , .:::, ; ,,:,\ · .". 

J t.- ry' L;"- ,:"{. 4 ? 1 9 3 '7 ''7' r.:· '7' · ..- .,J · C' > ,J 

3 1 ':;' 1 
,,,., 

A D 2 7 1 ? {] ? 0 0 · j · · 3 1 '.7 cc D .-. e- t 1 '7 :: 0 7 · :3 7 5 · ".1 -"- ".1 

.3 1 a .j '? :~ c- l D 1 2 0 7 1 . .., '?' ., -' · .:.:.: 

4 (; '::. 8 .:S :,,~, 6 ,:;:. ,~ .'1 :I 1 9 "1 0:.1' 0 · · . ..::. · ~:5 ":1 (~. 'l 5 .~:. e -, ,) 8 1 8 0 " 
'-1 . .:;, " 7' (.;i "' ,·i () [: "') 2 () .:1 ~2 1 a ., ,:' , i · ;:),S , () n 2 4 '1 3 ~~; " -' - 7 t5 , 8 .cl 5' 

43 . 013 34 . 019 265 390 
33 798 26 731 210 · 090 
36 546 28 904 240 772 

48 020 37 · 980 306 720 

Catch 
(No's) 

312. 642 
159 · 1 0~'5 
150.9A6 
214.255 
233.577 
269 · 1 qO 

188.936 
286.883 
221 .739 
338" 109 
198.656 
284 .735 
144 t 5()2 

216 .839 
227.830 
132.30<', 
231 .564 
246.27<1 
191 . 101 
273.26D 

226.120 

:: 4 '1 · 8 3 2 
~. 5 1 1 5 <=' ,::., · ,J 

1 .... 7 · 7 1 4 c-

2 '" <=' 2 5 6 ~, ,J · 3 42 · ,:6 "" ~, 3 
:2 "-._' 9 :::: 2 f? 

32 8 
, 5 S) · c-

'7 2 ~? :t 
,,,, 

',.' . .::. 

:2 .;) '/ '"1 j 1 
'--, 9 B 1 ~~ i:S .,,:: > 

1. 9 ? C' '1 , ... · -' 
I. .::} .~ · 0 1 2 
1 is 3 8 1 Co 

,:2 " 2 · "0 :~3 /1 
',) ", 

3 () 6, · 2 2 () 

'2 (I B 9 .:s 9 
.-:' 'i 9 · .6 3 1 

209 . 897 
166 . 160 
190 426 

242 590 
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Table 4 (continued) 

Year 

1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 

AVE 

1987 
1988 
1989 
1990 
1991 
1992 
llj'93 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
"2003 
2004 
2005 
2006 

AVE 

stock 
L'Jei ght 

Catch 
L'Jei ght Stock 

C. gunnari SURVAN F = 3.5 

52.92 49. 77 356. 34 
58. 26 54.78 431 47 
42.99 40. 43 314. ;....' _0 

43. 46 40. 87 321. 09 
30.01 28. 22 219.07 
25. 15 23. 65 184.84 
44. 15 41.52 329. 70 
28. 98 27. 25 211 . 13 
28.87 27. 15 213. 26 
34. 95 32 .. 87 259.32 
40. 45 38.04 299.80 
30. 12 28. 33 220.53 
75. 40 70. 90 565. 47 
43.62 41 .02 316. 12 
32. 15 30. 24 235.34 
36.31 34. 15 269. 01 
53. 07 49.90 395. 15 
61 10 57.45 452.79 
43. 05 40. 49 314. 58 
36.52 34. 34 268.51 

42. 08 39.57 308.91 

C. gunnari SURVAN F = 1.75 

40. 21 ::;1. 80 26O .. 06 
38.56 30. 50 249. 1'= d 

48. 10 ::::;8. 04 323.05 
70. 33 '-1= 

,_1 •• _1 " 62 480. 9<= ....J 

60 .. 19 47. 61 380.01 
73. 30 57.97 490.79 
62. 72 49. 61 :~86.21 

49. 47 39. 1:5 307.61 
46. 64 36. 88 300.46 
40.39 31 95 256. n''''' ~ . ..:.... 
49.24 38. qo= 

.. J 329.81 
0='"> 90 41 84 347. 70 JL .. 

48.33 38. 22 309.20 
46.38 36. 68 299.57 
31.03 24.54 185.28 
35.57 28 .. 1"~ ,', 23,6. 47 
42. 34 33" L18 282. 4'" . ,_I 

61.37 48.54 419.31 
55.90 44.21 357.19 
39.36 31.13 238.20 

49.62 39.24 322.47 

Ca.tch 

335. 09 
405.74 
295.89 
301. QO= ,d 

206.01 
173. 82 
310. 04 
198.54 
200.54 
243. 86 
281.92 
207.38 
531.75 
297.27 
221.31 
252. 97 
371.59 
425.79 
295. 82 
'252.50 

290. 49 

205. 68 
197.06 
..... ,!::'C" ...::......J._1 • 50 
380.38 
300.55 
388. 16 
313.36 
243.29 
237.63 
202. 48 
260.84 
275.00 
244.55 
236. 9~::' 
r46.54 
187. 0:"2 
223.39 

331.63 
282.50 
188.39 

255.04 
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Table 4 (continued) 

'y'ear 

1 S'E:5 

1986 
1 '7'87 
1988 
19:39 
1';"90 
1991 
1 S'92 
1993 
1994 
1995 
1996 

1998 
1999 
2000 
:2001 
200:2 
2003 
2004 

AVE 

1987 
1988 
1989 
1990 
1 '7;::;' 1 
1992 

1994 
1995 
1 c;'q,L, 

1 ';;77 

1 '':/99 
2000 
2001 
2002 
2003 
2004 
2005 
2006 

AVE 

Stack 
[Ajei ght 

C",tch 
I;Jei ght Stock 

C. gunnari VPA F 0.875 

69,,54 

64.1::3 
65 .. 8,£' 
59.99 

62.67 
57 .. 55 
66 .. 59 
E:2,,80 
78.04 
74.27 
73.3!.5 
76 .. 83 
76.81 
~lO. 35 
72.60 
71.67 
8'7 .. 57 

69,,93 

38.50 
::":6.86 
35.03 
35.53 
::":6.47 
33.21 
32.12 
34.70 
31.86 

45 .. 85 
43.21 
41.12 
40.61 
42.54 
42.53 
38.1:7'5 
40.20 
:59.68 
48.4'7 

~58 .. 72 

374.60 
330 .. 57 
313.:'::;4-
328.6'7 
338.89 
289.82 
290.63 
330.40 
279.20 
361.41 
460.15 
382.38 
::":68.17 
371.08 
399 .. 35 
38'7.75 
341.13 
375.39 
361.92 
484.68 

358.,59 

C. gunnari SURVAN F = 0.875 

50. 61 2B. O~,2 338. 82 
79. 98 44. 28 475. 56 
:30. O? 44. 33 402. 47 

86. ,-,t::" 0 __ 1 48. 09 457. 53 

94. 42 L-=-r; ...-:'lD 497. 9'7 dL • . ':"'-' 

92. 41 51 1,~ 463. 36 
85. 26 47 21 415. 22 
79 .. 82 44. 19 392. 73 
7'=t .. 79 44. 1 ('""I 

0 406. 31 
79. 44 43. S'8 403. 01 
70. 61 :3'7. 09 :536. 67 

1 1 '") 48 ,S2 .. 28 ' -,..., 18 -'-. ,~/ / . 
108. 83 60. :26 538. 82 

88. 71 49. 12 400. 09 
/.:=. ... 00 4~' . .. ::.. O~3 357. 03 

7 i::J .. :34 42. r.;:'c.- 395. 07 ,_1 •. _1 

73. ,~.~:I 40. -",,"",!, 366. 1·..., 
:' / L 

61.03 33.79 278.89 
64.60 35.77 338.64 
64.99 35.98 331.56 

80.32 44.47 413.65 

Catch 

207.41 
183.03 
173.60 
181.99 
187.64 
160.47 
160.92 
182.94 
154.59 
200.10 
254 .. 7q 
211. 72 
203.85 
205.46 
221.11 
215.80 
188.88 
207.85 
200.39 
268.36 

198.54 

187. 60 
263. 31 
222. 84 
253. 33 
275 . T'r. 
256. 55 
229. 90 
217. 45 
224. 97 
223. 14 
186. 41 
374. 94 
:298. 34 
22-1 . 52 
197. 68 
:218. -:rc= 

" • ...J 

202. 71 
154.42 
187.50 
183.58 

229.03 



Table 5. 

Year 

1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
200:5 

AVE 

1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
19"96 
1997 
1998 
1999 
2000 
2001 
2002 
2003 

AVE 
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Average of the Ten 20-Year Projections for Stock 
Size in Numbers (x 10-6) and Weight (v 10-3) 

Stock Catch 
Weight Weight stock Catch 

N. rossi i, Kerguelen F = 0.76 

5.79 2.04 3.47 .96 
6.25 2. 17 3.86 1.09. 
7.05 2.48 4.43 1. 27 
7.96 2.76 5.03 1. 42 
9.74 3.25 6.40 1. 73 

10.57 3.72 6.47 1.9:l 
10.54 4. 18 5.98 2.03 
10.27 3.98 5.92 1.88 
9.26 3.64 5.03 1. 67 
8.89 3.56 4.97 1. 64 
8. 10 3. 11 4.48 1.42 
8.45 3. 15 5.05 1. 51 
8.30 3.04 4.82 1.46 
8.30 3.23 4.77 1.55 
8. 18 3.08 4.78 1.47 
8.71 3. 13 5.31 1.54-
8.83 3.25 >= 19 1. 59 ~'. 

9. 17 3.47 5.43 1. 69 
9.44 3.43 5.67 1. 68 
9.21 3.53 5.23 1.69 

8.65 3.21 >= w. 11 1. 56 

N. rossii, Kerguel en F = 0.38 

5.84 1. 18 3.52 .54 
7. 13 1 . ~:;4 4.08 .71 
8.97 2.02 <= --' . 15 .n; 

10.92 2.41 6. 15 1.08 
12.55 2.94 6.67 1.2t-3 
14.22 3.44 7.36 1. 45 
15.91 3.E:O 8. 14 1. 56 
16.52 4. 15 7.82 1. 65 
18.65 4.53 9.59 1.83 
18. 15 4,.52 8.24 1. 74 
17.88 4.97 7 .71 1.88 
16.72 4.43 7 12 1. 57 
15.79 4. 15 6.73 1.46 
15.27 3.97 6.67 1. 42 
14.70 3.77 6.52 1 ,--, . '-' / 
14.49 3 .. ~7 6.70 1. 37 
14.62 :5.66 6.81 1 " ::::;E3 
14.57 3.59 7.14 1.42 
14.81 3.75 6.87 1.45 
15.26 3.89 7.23 1.50 

14.15 3.52 6.81 1.38 



T~ble 5 (continued) 

Year 

1 <;'87 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 

AVE 

1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 

AVE 

Stock 
Weight 

.84 
1. 18 
1. 44 
1. 77 
2.06 
2.25 
2.31 
2.28 
2.29 
2.35 
2.28 
2.27 
2.28 
2.35 
2.39 
2.35 
2.46 
2.41 
2.49 
2.48 

2. 13 

1.03 
1. 41 
1.80 
2. 15 
2.50 
2.78 
2.90 
2.96 
2.86 
2.90 
3. 16 
..". 17 '-' " 
3. 15 
':';'. 13 
3.51 
-;r Ctl 
. ...: •• ,_ID 

:3.77 
3.84 
3.68 
3.83 

2.91 

- 256 -

Catch 
Weight 

. 15 

.21 

.29 

.36 

.44 

.51 

.55 

.59 

.60 

.60 

.60 

.56 

.55 

.57 

.59 

.61 

.60 

.60 

.62 

.61 

.51 

09 
14 

.21 

.27 

.35 

.42 

.4.8 

.49 

.46 

.47 

.49 
50 

.50 

.49 

.54 

.57 
61 

.59 

.55 

.62 

.44 

Stock Catch 

2. 15 .33 
3.05 .44 
3.46 .57 
4.20 .69 
4.80 .81 
4.87 .90 
4.75 .93 
4.43 .93 
4.51 .92 
4.95 .94 
4.59 .95 
4.75 .91 
4.81 .91 
4.88 .95 
4.91 .97 
4.67 .96 
5.23 97 
4.96 .99 
5. 15 1.01 
J:" . ...}. 16 1.00 

4.51 .85 

2. 90 .20 
3.50 .29 
4.02 .. 38 
4.47 .46 
4. 91 Ct::.~ 

• J._J 

5.24 ,,62 
5.20 .67 
5.28 .67 
t= '":'te::-
__ I • ..:...--.' • 6~5 
c::- "--'L , ...... kW .66 
6.29 .70 
5.90 73 
5.72 .72 
5.62 .70 
6.82 .77 
6.72 .82 
7.23 ,,-',. 

.0/ 

7.20 .85 
6.77 .82 
6.74 .87 

5.55 .65 
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Table 6, Summary of standard reference 
(South Georgia stocks) 

points for projections 

Stock Size Yield 
Species Data Set F 1 2 3 1 2 3 

N. rossii VPA 0.55 1.6 7 2.1 4 4 

0.177 2.7 12 7 5.8 15 2 

0.089 2.4 7 4 6.4 11 4 

SUR 0.55 ** ** 
0.177 ** * 
0.089 ** * 

N. gibberifrons VPA 0.142 2.4 14 8 4.3 16 3 

0.071 2.9 11 4 5.6 11 3 

SUR 0.142 * * 
0.071 1.5 20+ * 

C. gunnari VPA 3.5 ** ** 
1. 75 * * 
0.875 * * 

SUR 3.5 * * 
1. 75 * 2 11 11 

0.875 * 2 11 11 

1 Maximum increase factor 
2 Time to reach maximum--years 
3 Time to reach 2X increase--years 
* No increase 

** Actual decrease 
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Table 7. Summary of standard reference points for projections (Kerguelen) 

Stock Size Yield 
Species Data Set F 1 2 3 1 2 3 

N. rossii VPA 0.76 1.7 6 * 2.1 6 * 
0.38 2.7 8 5 4.2 10 3 

N. squamifrons VPA 0.72 2.3 9 4 4.0 8 3 
0.36 2.5 16 10 6.8 16 2 

1 Maximum increase factor 
2 Time to reach maximum--years 
3 Time to reach 2X increase--years 
* Ne increase 

Table 8. Comparison of simulated and past reported yields. 

Average Average 
Simulated Reported 

Stock F Yield Years Catch 

N. rossii S. Georgia 0.550 9.6 
0.177 8.6 72-85 4.3 
0.089 5.1 76-85 5.7 

Kerguelen 0.770 3.2 80-86 0.9 
0.380 3.5 

N. gibberifrons 0.142 4.6 76-85 4.7 
0.071 2.9 

N. squamifrons 0.720 0.5 79-86 5.3 
0.380 0.4 

C. gunnari 3.500 31.5 72-85 30.2 
l. 750 38.0 76-85 4l. 9 
0.875 38.7 
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Figure 3. Simulations of stock size (millions of fish) of N. rossii, 
South Georgia subarea, F=O.55, based on VPA. 
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Figure 4. Simulations of stock size (millions of fish) of N. rossii 
South Georgia subarea, F=O.177, based on VPA. 
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South Georgia subarea, F=O.089, based on VPA. 
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Figure 6. Simulations of stock size (millions of fish) of N. rossii, 

South Georgia subarea, F=O.55, based on SURVAN. 
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Figure 7. Simulations of stock size (millions of fish) of N. rossi i , 

South Georgia subarea, F=O.177, based on SURVAN. 
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Simulations de la taille du stock (millions de poissons) de 
c. qunnari, sous-zone de la Georgie du Sud, F=1,75, basees 
sur la VPA. 

simulations de la taille du stock (millions de poissons) de 
c. qunnari, sous-zone de la Georgie du Sud, F=0,875, basees 
sur la VPA. 

Si.mulations de la taille du stock (millions de poissons) de 
c. qunnari, sous-zone de la Georgie du SUd, F=3,5, basees 
sur SURVAN. 

Si.mulations de la taille du stock (millions de poissons) de 
c. qunnari, sous-zone de la Georgie du Sud, E"=1,75, basees 
sur SURVAN. 

Simulations de la taille du stock (millions de poissons) de 
c. qunnari, sous-zone de la Georgie du Sud, E"=0,875, basees 
sur SURVAN. 

Simulations de la taille du stock (millions de poissons) de 
N. rossii, plateau des Iles Kerguelen, F=0,76, basees sur 
la VPA. 

Si.mulations de la taille du stock (millions de poissons) de 
N. rossii, plateau des Iles Kerguelen, E"=0,38, basees sur 
la VPA. 

Simulations de la taille du stock (millions de poissons) de 
N. squamifrons, plateau des lIes Kerguelen, F=0,72, basees 
sur la VPA. 
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Figure 26 

Figure 27 

Figure 28 

Figure 29 

Figure 30 

Figure 31 

Tabla 1 

Tabla 2 

Tabla 3 

Tabla 4 

Tabla 5 

Tabla 6 
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Simulations de la taille du stock (millions de poissons) de 
N. squamifrons, plateau des lIes Kerguelen, F=0,36, basees 
sur la VPA. 

Simulations du poids du stock et de la prise pour N. rossii, 
sous-zone de la Georgie du Sud, F=0,55, basees sur la VPA. 

Simulations du poids du stock et de la prise pour N. rossii, 
sous-zone de la Georgie du Sud, basees sur la VPA. 

simulations du poids du stock et de la prise pour N. rossii, 
sous-zone de la Georgie du Sud, basees sur SURVAN. 

Simulations du poids du stock et de la prise pour 
Notothenia qibberifrons, sous-zone de la Georgie du sud, 
basees sur la VPA. 

simulations du poids du stock et de la prise pour 
N. qibberifrons, sous-zone de la Georgie du Sud, basees sur 
SURVAN. 

Simulations du poids du stock et de la prise pour 
c. qunnari, sous-zone de la Georgie du Sud, basees sur 
la VPA. 

Simulations du poids du stock et de la prise pour 
c. qunnari, sous-zone de la Georgie du Sud, basees 
sur SURVAN. 

Simulations du poids du stock et de la prise pour N. rossii, 
plateau des lIes Kerguelen, basees sur la VPA. 

simulations du poids du stock et de la prise pour 
N. sguamifrons, plateau des lIes Kerguelen, basees sur la 
VPA. 

Encabezamientos de las Tablas 

Edad inicial y cantidades en millones de restablecimientos 
individuales. 

Parametros utilizados en el modelo de simulacion (Georgia 
del Sur). 

Parametros'utilizados en el modelo de simulacion 
(Kerguelen) . 

Promedio de las diez proyecciones a 20 anos para el tamano 
de la poblacion en ntimeros (x 10-6 ) y peso (x 10-3 ). 

Promedio de las diez proyecciones a 20 anos para el tamano 
de la poblacion en numeros (x 10-6 ) y peso (x 10-3 ). 

Resumen de los puntos de referencia estandar para las 
proyecciones (reservas de Georgia del Sur). 



Tabla 7 

Tabla 8 

Figura 1 

Figura 2 

Figura 3 

Figura 4 

Figura 5 

Figura 6 

Figura 7 

Figura 8 

Figura 9 

Figura 10 

Figura 11 

Figura 12 

Figura 13 

- 293 -

Resumen de los puntos de referencia estandar para las 
proyecciones (Kerguelen). 

Comparacion de los rendimientos simulados con los 
presentados en anos anteriores. 

Leyendas de las Figuras 

Funcion de densidad de probabilidad de restablecimiento 
universal utilizada en la simulacion. 

Frecuencias de restablecimiento generadas aleatoriamente 
(~ de peces x 10-6 ). 

Simulaciones del tamano de la reserva (millones de peces) 
de N. rossii, subarea de Georgia del Sur, F=O.55, basadas 
en el analisis de la poblacion virtual (VPA). 

Simulaciones del tamano de la reserva (millones de peces) 
de N. rossii, subarea de Georgia del Sur, F=O.177, basadas 
en el analisis de la pOblacion virtual (VPA). 

Simulaciones del tamano de la reserva (millones de peces) 
de N. rossii, subarea de Georgia del Sur, F=O.089, basadas 
en el analisis de la poblacion virtual (VPA). 

Simulaciones del tamano de la reserva (millones de peces) 
de N. rossll, subarea de Georgia del Sur, F=O.55, basadas 
en la SURVAN. 

Simulaciones del tamano de la reserva (millones de peces) 
de N. rossii, subarea de Georgia del Sur, F=O.177, basadas 
en la SURVAN. 

Simulaciones del tamano de la reserva (millones de peces) 
de N. rossii, subarea de Georgia del Sur, F=O.089, basadas 
en la SURVAN. 

Simulaciones del tamano de la reserva (millones de peces) 
de N. gibberifrons, subarea de Georgia del Sur, F=O.142, 
basadas en el analisis de la pOblacion virtual (VPA). 

Simulaciones del tamano de la reserva (millones de peces) 
de N. gibberifrons, subarea de Georgia del Sur, F=O.071, 
basadas en el analisis de la pOblacion virtual (VPA). 

Simulaciones del tamano de la reserva (millones de peces) 
de N. gibberifrons, subarea de Georgia del Sur, F=0.142, 
basadas en la SURVAN. 

Simulaciones del tamano de la reserva (millones de peces 
de N. gibberifrons, subarea de Georgia del Sur, F=O.071, 
basadas en la SURVAN. 

Simulaciones del tamano de la reserva (millones de peces) 
de c. gunnari, subarea de Georgia del Sur, F=3.5, basadas 
en el analisis de la poblacion virtual (VPA). 



Figura 14 

Figura 15 

Figura 16 

Figura 17 

Figura 18 

Figura 19 

Figura 20 

Figura 21 

Figura 22 

Figura 23 

Figura 24 

Figura 25 

Figura 26 

Figura 27 

Figura 28 
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simulaciones del tamano de la reserva (millones de peces) 
de c. gunnari, subarea de Georgia del Sur, F=l.75, basadas 
en el anaUsis de la poblacion (VPA). 

simulaciones del tamano de la reserva (millones de peces) 
de c. gunnari, subarea de Georgia del Sur, F=0.875, basadas 
en el analisis de la poblacion virtual (VPA). 

simulaciones del tamano de la reserva (millones de peces) 
de c. gunnari, subarea de Georgia del Sur, F=3.5, basadas 
en la SURVAN. 

Simulaciones del tamano de la reserva (millones de peces) 
de c. gunnari, subarea de Georgia del Sur, F=I.75, basadas 
en la SURVAN. 

Simulaciones del tamano de la reserva (millones de peces) 
de c. gunnari, subarea de Georgia del Sur, F=0.875, basadas 
en la SURVAN. 

Simulaciones del tamano de la reserva (millones de peces) 
de N. rossii, Plataforma de la Isla Kerguelen, F=0.76, 
basadas en el analisis de la poblacion virtual (VPA). 

Simulaciones del tamano de la reserva (millones de peces) 
de N. rossii, Plataforma de la Isla Kerguelen, F=0.38, 
basadas en el analisis de la poblacion virtual (VPA). 

Simulaciones del tamano de la reserva (millones de peces) 
de N. sguamifrons, Plataforma de la Isla Kerguelen, F=0.72, 
basadas en el analisis de la poblacion virtual (VPA). 

simulaciones del tamano de la reserva (millones de peces) 
de N. sguamifrons, Plataforma de la Isla Kerguelen, F=0.36, 
basadas en el analisis de la poblacion virtual (VPA). 

Simulaciones del peso de la reserva y de la captura para 
~rossii, subarea de Georgia del Sur, F=0.55, basadas en 
el analisis de la poblacion virtual (VPA). 

Simulaciones del peso de la reserva y de la captura para 
N. rossii, subarea de Georgia del Sur, basadas en el 
analisis de la poblacion virtual (VPA). 

Simulaciones del peso de la reserva y de la captura para 
N. rossH, subarea de Georgia del Sur, basadas en la SURVAN. 

simulaciones del peso de la reserva y de la captura para 
Notothenia gibberifrons, subarea de Georgia del Sur, 
basadas en el analisis de la poblacion virtual (VPA). 

simulaciones del peso de la reserva y de la captura para 
N. gibberifrons, subarea de Georgia del Sur, basadas en la 
SURVAN. 

Simulaciones del peso de la reserva y de la captura para 
·C. gunnari, subarea de Georgia del Sur, basadas en el 
analisis de la poblacion virtual (VPA). 



Figura 29 

Figura 30 

Figura 31 
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Ta6JII1l.{a 8 
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simulaciones del peso de la reserva y de la captura para 
c. qunnari, subarea de Georgia del Sur, basadas en la 
SURVAN. 

Simulaciones del peso de la reserva y de la captura para 
N. rossii, Plataforma de la Isla Kerguelen, basadas en el 
analisis de la pOblacion virtual(VPA). 

Simulaciones del peso de la reserva y de la captura para 
N. squamifrons, Plataforma de la Isla Kerguelen, basadas en 
el analisis de la poblacion virtual (VPA). 

3arOJIOBKI1 K Ta6JII1uaM 

HaqaJIhHWi B03pacT 11 KOJIl1qeCTBO (B MI1JJJII10HaX lliTYK) 
oco6ei nOnOJIHeHI1R. 

napaMeTphI. I1CnOJIh30BaHHhle npl1 nOCTpOeHl111 
I1MI1Tal.{l1oHHOi MOAeJII1 (IDmHaR feOprI1R). 

napaMeTpw. I1CnOJIh30BaHHwe npl1 nOCTpOeHl111 
I1MI1Tal.{l1oHHOi MOAeJII1 (KepreJIeH). 

CpeAHl1e BeJIl1ql1HhI AecRTI1 20-JIeTHI1X nporHo30B AJIR 
pa3MepoB 3anaCOB - no KOJII1QeCTBY (xlO -~ 11 Becy 
(xlO-3). 

CpeAHl1e BeJII1QI1HhI AecRTI1 20-JIeTHI1X nporHo30B AJIR 
pa3MepoB 3anaCOB - no KOJII1QeCTBY (xlO -~ 11 Becy 
(xlO-3) . 

CBOAHaR Ta6JIi1l.{a cTaHAapTHhlx I1cxoAHhIX nYHKToB AJIR 
nporHo30B (3anachI paioHa IDmHoi feoprl1l1). 

CBOAHaR Ta6JII1l.{a cTaHAapTHhlx I1cxoAHhIX nYHKToB AJIR 
nporHo30B (3anacw KepreJIeHa). 

CpaBHeHl1e nOJIYQeHHhIX I1MI1Tal.{l1oHHhIM MOAeJIl1pOBaHl1eM 
AaHHwx no BeJII1QI1He YJIOBOB C ~aKTI1QeCKI1MI1 
BeJII1QI1HaMI1 YJIOBOB B npOlliJlOM. 

nOnnl1cl1 K pl1cYHKaM 

YHI1BepCaJIhHaR nJIOTHOCTh pacnpeAeJIeHI1R 
BepoRTHocTei AJIR nOnOJIHeHI1R. I1CnOJIh3yeMaR B 
I1MI1Tal.{l1oHHwX MOAeJIRx. 
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Bw60pOqHO o6pa30BaHHwe rpa~HK:H qaCTOTW nononHeHHH 
(Kon-Bo Pbl6 X 10 -6). 

nonyqeHHble c nOMOIl(blO HMHTa,-\HOHHoro MogenHpoBaHHH 
BenHqHHbl 06beMa 3anaca (B MHnnHOHax oco6ei1) gnH 
N. rossii. nogpaHoH IDmHOi1 feoprHH. F = 0.55. 
paCqeT OCHOBaH Ha VPA. 

noiIyqeHHble C nOMOIl(blO HMHTa,-\HOHHoro MogenHpoBaHHH 
BenHqHHW 06beMa 3anaca (B MHnnHOHax oco6ei1) gnH 
N. rossii. nogpaHoH IDmHOH feoprHH. F = 0.177. 
paCqeT OCHOBaH Ha VPA. 

nonyqeHHWe C nOMOIl(blO HMHTa,-\HOHHoro MogenHpoBaHHH 
BenHqHHbl 06beMa 3anaca (B MHnnHOHax oco6eH) gnH 
N. rossii. nogpaHoH IDmHOH feoprHH. F = 0.089. 
paCqeT OCHOBaH Ha VPA. 

nonyqeHHble C nQMOIl(blO HMHTa,-\HOHHoro MogenHpoBaHHH 
BenHqHHW 06beMa 3anaca (B MHnnHOHax oco6eH) gnH 
N. rossii. nogpaHoH IDmHoi1 feoprHH. F = 0.55. 
paCqeT OCHOBaH Ha SURVAN. 

nonyqeHHble C nOMOIl(blO HMHTa,-\HOHHoro MogenHpoBaHHH 
BenHqHHbl 06beMa 3anaca (B MHnnHOHax oco6eH) gnH 
N. rossii. nogpai1oH IDmHOH feoprHH. F = 0.177. 
paCqeT OCHOBaH Ha SURVAN. 

nonyqeHHWe C nOMOIl(blO HMHTa,-\HOHHoro MogenHpoBaHHH 
BenHqHHbl 06beMa 3anaca (B MHnnHOHax oco6eH) gnH 
N. rossii. nogpai1oH IDmHOH [eoprHH. F = 0.089. 
paCqeT OCHOBaH Ha SURVAN. 

nonyqeHHble C nOMOIl(blO HMHTa,-\HOHHoro MogenHpoBaHHH 
BenHqHHW 06beMa 3anaca (B MHnnHOHax oco6eH) gnH 
N. qibberifrons. nogpaHoH IDmHOH feoprHH, F = 
0,142. paCqeT OCHOBaH Ha VPA. 

nonyqeHHble C nOMOIl(blO HMHTa,-\HOHHoro MogenHpoBaHHH 
BenHqHHbl 06beMa 3anaca (B MHnnHOHax oco6eH) gnH 
N. qibberifrons. nogpaHoH IDmHOH feoprHH. F = 
0.071, paCqeT OCHOBaH Ha VPA. 

nonyqeHHble C nOMOIl(blO HMHTa,-\HOHHoro MogenHpoBaHHH 
BenHqHHW 06beMa 3anaca (B MHnnHOHax oco6ei1) gnH 
N. qibberifrons, nogpaHoH IDmHOH feoprHH, F = 
0,142, paCqeT OCHOBaH Ha SURVAN. 

nonyqeHHWe C nOMOIl(blO HMHTa,-\HOHHoro MogenHpoBaHHH 
BenHqHHbl 06beMa 3anaca (B MHnnHOHax oco6eH) gnH 
N. qibberifrons, nogpaHoH IDmHOH feoprHH, F = 
0,071, paCqeT OCHOBaH Ha SURVAN. 

nonyqeHHble C nOMOIl(blO HMHTa,-\HOHHoro MogenHpoBaHHH 
BenHqHHbl 06beMa 3anaca (B MHnnHOHax oco6eH) gnH 
c. qunnari. nogpai1oH lO>KHOH feoprHH, F = 3.5. 
paCqeT OCHOBaH Ha VPA. 
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PI1CYHOK 14 nOJlYLfeHHble C nOMOII{bIO I1MI1TaQI10HHOrO MOAeJll1pOBaHI1H 
BeJlI1LfI1HbI 06'beMa 3anaca (B MI1J1J1110HaX oco6eii) AJlH 
c. qunnari, nOApaiioH IO)J{Hoii feoprl1l1, F = 1,75, 
paCLfeT OCHOBaH Ha VPA. 

PI1CYHOK 15 nOJlYLfeHHble C nOMOII{bIO I1MI1TaQI10HHOrO MOAeJll1pOBaHI1H 
BeJlI1LfI1HbI 06'beMa 3anaca (B MI1J1J1110HaX oco6eii) AJlH 
c. qunnari, nOApaHoH IDmHOH feoprl1l1, F = 0,875, 
paCLfeT OCHOBaH Ha VPA. 

PI1CYHOK 16 nOJlYLfeHHble C nOMOII{bIO I1MI1TaQI10HHOrO MOAeJll1pOBaHI1H 
BeJlI1LfI1HbI 06'beMa 3anaca (B MI1J1J1110HaX oco6eii) AJlH 
c. qunnari, nOApaHoH IDmHoii feoprl1l1, F = 3,5, 
paCLfeT OCHOBaH Ha SURVAN. 

PI1CYHOK 17 nOJlYLfeHHble C nOMOII{bIO I1MI1TaQI10HHOrO MOAeJll1pOBaHI1H 
BeJlI1LfI1HbI 06'beMa 3anaca (B MI1J1J1110HaX oco6eH) AJlH 
c. qunnari, nOApaHoH IDmHoi1 feoprl1l1, F = 1,75, 
paCLfeT OCHOBaH Ha SURVAN. 

PI1CYHOK 18 nOJlYLfeHHwe C nOMOII{bIO I1MI1TaQI10HHOrO MOAeJl"pOBaH"H 
BeJlI1Lf"HbI 06'beMa 3anaca (B MI1J1J1110HaX oco6eii) AJlH 

c. qunnari, nOApaiioH IDmHOH feopr"", F = 0,875, 
paCLfeT OCHOBaH Ha SURVAN. 

PI1CYHOK 19 nOJlYLfeHHwe C nOMOII{bIO I1M"TaQ"OHHOrO MOAeJl"pOBaH"H 
BeJlI1LfI1HbI 06'beMa 3anaca (B MI1J1JII10HaX oco6eii) AnH 
N. rossii, llieJlb~ OCTpOBa KepreJleH, F = 0,76, 
paCLfeT OCHOBaH Ha VPA. 

P"CYHOK 20 nOJlYLfeHHble C nOMOII{bIO I1MI1TaQ"OHHOrO MOAeJl"pOBaHI1H 
BeJlI1Lf"HbI 06'beMa 3anaca (B M"JlJlI10HaX oco6eH) AJlH 
N. rossii, llieJlb~ OCTpOBa KepreJleH, F = 0,38, 
paCLfeT OCHOBaH Ha VPA. 

P"CYHOK 21 nOJlYLfeHHble C nOMOII{bIO I1M"TaQI10HHOrO MOAeJl"pOBaHI1H 
BeJl"Lf"HbI 06'beMa 3anaca (B MI1J1J1110HaX oco6eH) AJlH 
N. squamifrons, llieJlb~ OCTpOBa KepreJleH, F = 
0,72, paCLfeT OCHOBaH Ha VPA. 

PI1CYHOK 22 nOJlYLfeHHble C nOMOII{bIO "MI1TaQ"OHHOrO MOAeJl"pOBaHI1H 
BeJlI1Lf"HbI 06'beMa 3anaca (B M"JlJI"OHaX oco6eH) AJlH 
N. squamifrons, llieJlb~ OCTpOBa KepreJleH, F = 
0,36, paCLfeT OCHOBaH Ha VPA. 

PI1CYHOK 23 nOJlYLfeHHble C nOMOII{bIO I1M"TaQI10HHOrO MOAeJl"pOBaHI1H 
BeJlI1LfI1HbI AJlH Beca 3anaca " AJlH YJlOBa N. rossii, 
nOApaHoH IDmHoH feopr"l1, F = 0,55, paCLfeT 
OCHOBaH Ha VPA. 

P"CYHOK 24 nOJlYLfeHHwe C nOMOII{bIO "M"TaQI10HHOrO MOAeJl"pOBaHI1H 
BeJl"Lf"HbI AJlH Bec£!. 3anaca 11 AJlH YJlOBa N. rossii, 
nOApaHoH IDmHOH feopr"", paCLfeT OCHOBaH Ha VPA. 

P"CYHOK 25 nOJlYLfeHHble C nOMOII{bIO "MI1TaQI10HHOrO MOAeJl"pOBaH"H 
BeJl"Lf"HbI AJlH Beca 3anaca 11 AJlH YJlOBa N. rossii, 
nOApaHoH IDmHOH feoprl1l1, paCLfeT OCHOBaH Ha SURVAN. 



PI1CYHOK 26 

PI1CYHOK 27 

PI1CYHOK 28 

PI1CYHOK 29 

PI1CYHOK 30 

PI1CYHOK 31 
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nonyqeHHhle C nOMO~h~ I1MI1Taql1oHHoro MOAenl1pOBaHI1H 
Benl1ql1Hhl AnH Beca 3anaca 11 AnR ynoBa Notothenia 
qibberifrons, nOApaHoH IO>KHOH feoprl1l1, paCqeT 
OCHOBaH Ha VPA. 

nonyqeHHhle C nOMO~h~ I1MI1Taql1oHHoro MOAenMpOBaHMH 
BenMqMHhl AnH Beca 3anaca 11 AnH ynoBa ~ 
qibberifrons, nOApaHOH IO>KHOH feOprl1M, paCqeT 
OCHOBaH Ha SURVAN. 

nonyqeHHhle C nOMO~h~ MMI1TaqMoHHoro MOAenl1pOBaHMH 
BenMqMHhl AnH Beca 3anaca M AnH ynoBa c. qunnari, 
nOApaHOH IO>KHOH feoprl1l1, paCqeT OCHOBaH Ha VPA. 

nonyqeHHhle C nOMO~h~ MMMTaqMoHHoro MOAenl1pOBaHMH 
BenMqMHhl AnH Beca 3anaca M AnH ynoBa c. qunnari, 
nOApaHOH IO>KHOH feoprMM, paCqeT OCHOBaH Ha SURVAN. 

nonyqeHHhle C nOMO~h~ I1MI1TaL(MOHHoro MOAenl1pOBaHMH 
BenMqMHhl AnH Beca 3anaca M AnH ynoBa N. rossii, 
llienh~ OCTpOBa KepreneH, paCqeT OCHOBaH Ha VPA. 

nonyqeHHhle C nOMO~h~ HMHTaql1oHHoro MOAenHpOBaHI1H 
Benl1ql1Hhl AnH Beca 3anaca H AnH ynoBa ~ 
squamifrons, llien h~ OCTpOBa KepreneH, paCqeT 
OCHOBaH Ha VPA. 
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BEYOND MSY : A CONSIDERATION OF DEFINITIONS OF MANAGEMENT OBJECTIVES 

J .A. Gulland 
(United Kingdom) 

Abstract 

The concept of "Maximum Sustainable Yield" (MSY) has 
provided a useful guideline for resource management 
under the assumptions of a simple population model and 
simple objectives. This paper explores different 
guidelines under more realistic population models, 
taking account of the objectives set out in Article 11 
of the CCAMLR Convention. The criteria will depend on 
whether the main concern is with recruitment or growth 
overfishing. Account also needs to be taken of the 
uncertainties associated with any assessment. 
Suggestions are made for the provision of advice to the 
Commission for the finfish and krill fisheries. 

Le concept de "production maximale equilibree" (PME) a 
fourni un principe directeur utile pour l'amenagement 
des ressources dans l'hypothese d'un modele de 
population simple et d'objectifs simples. Ce document 
explore differentes lignes directrices d'apres des 
modeles de population plus realistes, tenant compte des 
objectifs exposes a l'Article II de la convention de la 
CCAMLR. Les criteres varieront selon que l'interet 
principal portera sur le recrutement ou la 
surexploitation au detriment de la croissance. 11 
faudra egalement tenir compte des incertitudes liees a 
toute evaluation. Certaines propositions sont avancees 
en ce qui concerne la presentation de suggestions a la 
commission concernant les pecheries de poissons a 
nageoires et de krill. 

Resumen 

El concepto de "Maximo Rendimiento sostenible" (MSY) ha· 
provisto una pauta util para la administracion de 
recursos bajo las suposiciones de un modelo sencillo de 
poblacion y de objetivos simples. Este documento 
explora diferentes pautas bajo modelos de poblacion mas 
realistas, tomando en cuenta los objetivos establecidos 
en el Articulo 11 de la Convencion de CCAMLR. Los 
criterios dependeran en si la mayor inquietud se 
encuentra en la sobrepesca de las poblaciones en 
restablecimiento 0 en aumento. Tambien debe tomarse en 
cuenta las incertidumbres asociadas con toda 
evaluacion. Se dan sugerencias para la provision de 
asesoramiento a la comision para las pesquerias de pez 
aleta y de krill. 
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Pe310Me 

KOHltemtlHI "MaKCliMaJIhHOrO YCTO~l'iliBoro BhIJIOBa" 

(MSY) 51BJI 51JlaC h llOJIe 3 HhlM PYKOB 0AHrqliM 

npliHltlinOM ynpaBJIeHli51 pecypcaMli npli Hami'ilili 
liCXOAHhlX nOChlJIOK, nplicyrqliX npOCThlM 

nonYJI5IL(liOHHhIM MOAeJI5IM li npOCThlM L(eJI5IM. B 
AaHHO~ pa60Te pa3pa6aTWBalOTC5I APyrlie 
PYKOBoAHrqlie npliHL(lillW npli npliH5ITlili 60JIee 
peaJIliCTliqHhIX nonYJIHL(liOHHhIX MOAeJIe~, yqliThIBa51 

L(eJIli, li3JIO~eHHWe B CTaTbe II KOHBeHL(lili 

AHTKOMa. KpliTeplili 6YAYT 3aBliceT h OT 'l'oro, '1TO 
BhI3hIBae'l' 60JI hlIme 6ecnOKO~C'l'BO: nepeJIOB oc06e~ 
nOnOJIHeHli51 liJIli nepeJIOB MOJIOAli. TaK~e HaAo 

yqliThlBa'l' h li HeonpeAeJIeHHOC'l'li, npliCY'l'C'l'BYIOHtlie B 

JIOObIX 0LleHKax. .l(eJIalO'l'C5I npeAJIO~eHIUJ no 

npeACTaBJIeHlilO KOMliCClili peKOMeHAaL(li~ no 

npOMhlCJIY nJIaBHliKOBhlX PhI6 11 KpliJI5I. 



INTRODUCTION 

- 301 -

BEYOND MSY : A CONSIDERATION OF 

DEFINITIONS OF MANAGEMENT OBJECTIVES 

J.A. Gulland 

Renewable Resources Assessment Group 

Imperial College, London, UK 

The traditional one-phrase definition of the objective of resource 

management has been the Maximum Sustained Yield (MSY). This has several 

advantages: simplicity, ease of comprehension, and reasonable 

correspondence to the behaviour of resources under exploitation. In the 
1950s and 1960s it served a very useful purpose in bringing an 

understanding of the broad principles of resource management to 

administrators and industry. In later years it has come under increasing 
criticism. Economists have felt that it does not take enough account of 

economic and social factors, and have proposed alternatives such as Maximum 

Economic Yield (MEY). Biologists have felt that it uses too simplistic a 

concept of how natural populations behave, and that not enough account is 

taken of interactions between species and variability. 

A number of alternative formulations have been offered. One with 

considerable practical implications is contained in the Convention for the 
Conservation of Antarctic Marine Living Resources. This gives, as an 

objective of the Commission, ensuring that the population does not fall 

below the level giving the greatest net annual increase (GNAI). Under the 

simplest conditions i.e. with all factors other than the direct impact of 

exploitation remaining constant, GNAI would probably be the same as MSY, 
and both provide clear guidance on the need for management. If the 

population is below the level giving MSY or GNAI, or which in the simple 

case is the same condition, if the amount of fishing is above the MSY or 

GNAI level, then management is needed. Under more realistic conditions 

they will differ. Also the criteria for management is less simple, because 

there is no longer a simple one to one relation between the amount of 

fishing and population abundance or between either and the rate of increase 
in the population. 
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I. GENERAL CONSIDERATIONS 

Recruitment overfishing 

A fish population is usually thought of in two parts. For the 
first few months or years of life, as eggs, larvae or juveniles, the fish 

are too small to be caught by normal fishing gear, and these fish are not 

included in the stock as commonly thought of. At some point, the age of 

recruitment, the fish become big enough, or change their distribution or 

behaviour, and become accessible to fishing. Though the point of 

recruitment is not always clear cut, and the boundary between pre-recruits 

and recruits is somewhat subjective and can change if there are big changes 
in fishing practice, the distinction is an important one that exists for 

all fish except perhaps for a f~w sharks and rays that are large at birth. 

Except where explicitly stated otherwise this paper will be concerned only 
with the exploited stock. 

Following Russell (1942) the change in the population can be 

written as R+G-M-C, where 

R is the recruits to the stock, 

G is the growth put on by the fish that have already recruited 
M is the losses due to natural mortality 

and C is the catch. 

In this formulation all quantities are expressed as weight i.e. the 

use of M is different from its normal use as a coefficient. In the normal 

usage the losses due to natural mortality can be written as M*P, where P is 

the population biomass. In the steady state, the change in population is 
zero, i.e. R+G-M-C=O, or C=R+G-M. In this familiar expression it is clear 
that net natural increase and sustainable yield are the same, and the MSY 

and GNAI points are identical. To explore how they may differ in more 

complex situations the components of the right hand side need to be 
examined separately. 

R is not affected by current events in the recruited stock, but 

will depend on the size of the adult stock (which will be related to, but 



- 303 -

not necessarily identical to, the recruited stock) some time previously 
when the fish recruiting were spawned, and also on events in the 

pre-recruit stage. There are substantial arguments, and an equally 

substantial literature, on the relation between recruitment and adult 

stock. It is generally agreed that the relation between the abundance of 
adults and the average or expected recruitment from that stock can be 

described by a curve similar to those of Ricker (1954) or Beverton and Holt 

(1957) (Figure 1), but that there is great variation about the average 

curve. The main arguments concern the position of a given stock on the 

curve and the relative attention that should be given to the roles of stock 

size and environmental factors in determining recruitment. 

The Ricker curve has a maximum, but this will rarely be the point 

corresponding to MSY or GNAI.The difference is most easily seen for the 

simple case of salmon, in which recruitment, catching, spawning, and death 
follow in quick succession, with no appreciable influence of growth, or of 

natural death until after spawning. In this case the net increase per 

generation, or sustainable yield from a brood, will be the difference 

between the recruitment and the parent stock i.e. the difference between 

the stock-recruit curve in Figure 1 and the straight line of equal stock 

and recruitment. Provided that the recruitment is greater that S t' the op 
spawning stock corresponding to this maximum, the objective of GNAI will be 

met by taking an amount R-S t' so that the escapement (i.e. recruitment op 
less catch) will equal Sopt' If environmental conditions vary, so that 

recruitment varies, even when stock is maintained at S t' then catches op 
will vary. It can be argued that they are not being sustained, and that 

MSY is equal to the minimum catch, occurring after poor environmental 

conditions. It may also be noted that the policy corresponding to GNAI is 

uniquely defined in terms of stock size, i.e. escapement should be 

maintained at Sopt' but if environmental conditions are varying there is no 

unique rate of fishing that gives GNAI. Good recruiting year-classes can 

be fished harder than weak ones. 
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Growth Overfishing 

These last conclusions, that GNAI can be determined in terms of 

biomass but not fishing rate, are reversed in the case of a fish stock like 

some North Sea demersal stocks, where it appears that, to a first 

approximation, recruitment is independent of adult stock, and management is 

a matter of achieving the right balance between growth and natural 

mortality. For a period after a brood of young fish recruits, the growth 

of the individuals exceeds losses due to natural mortality, and in the 

absence of fishing the total biomass of the brood will increase. As the 

fish get older, growth slows down, and at some point - the critical age of 

Ricker (1948) - losses will exceed growth, and having reached a maximum, 

the total biomass of the brood will decline. The net natural rate of 

growth (which may be positive or 'negative) will depend on its age 

structure. A stock with mostly young fish will tend to increase and one 

with mostly old fish will decrease. 

If recruitment does not vary, then the age structure will be 

determined by the level of fishing. The effect of fishing on the natural 

rate of increase can be derived from the earlier equations in the form C = 

R + G - M, or in terms of yield per recruit (recruitment in this case being 

measured as total weight of recruits) C/R = 1 + (G-M)/R. 

Calculation of yield per recruit as a function of the growth and 

natural mortality coefficients, and as function of the two main 

characteristics of the fishery - the age at first capture (which may be 

greater than the age of recruitment if selective gear is used) and the 

fishing mortality - is a standard procedure (Beverton and Holt 1957). 

Typical results for North Sea plaice for two ages of first capture are 

shown in Figure 2. Apart from a constant, these curves are identical with 

the curves of (G-M)/R. For low age at first capture there is a clear 

maximum, which under conditions of constant recruitment corresponds to MSY 

and GNAI, and under these conditions will also correspond to specific 

values of fishing mortality and stock biomass. If recruitment varies due 

to environmental factors then to a close approximation this value of 

fishing mortality will, if sustained, give a greater yield than any other 
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sustained fishing mortality, and can be considered as giving GNAI (but not 
strictly MSY because the yield is not sustained at the same level). 

However the corresponding stock size will vary in proportion to changes in 

recruitment. A more accurate calculation will show that the long term 

yield can be achieved by a fishing mortality that varies about the constant 

recruitment optimum, being lower when a strong year-class has just 

recruited and higher when it is old. This will bring the average age of 

the fish caught closer to the critical age, but the practical difference is 

likely to be small. 

More Complex Situations 

Few stocks present cases of pure recruitment or growth overfishing. 

Even when there is little indication of stock size affecting recruitment 
over the range of stock sizes so far observed, it is clear that if stock is 

sufficiently reduced, there will be a fall in recruitment. Thus the 

absence of a maximum in the yield per recruit curve of Figure 2 for a high 

age at first capture does not reflect the behaviour of the total yield (or 

net natural increase) which will fall off at sufficiently high values of 

fishing mortality. 

If environmental conditions are constant, the two approaches are 

readily combined. The yield per recruit approach can be used to determine 

the adult stock that will result from a given recruitment under any given 

fishing pattern (fishing mortality and age at first capture). The 

resulting lines, giving stock as a function of recruitment, can be plotted 

in a stock and recruitment diagram (Figure 3). The point where the line 

for a given fishing pattern cuts the stock-recruit line gives the 

equilibrium recruitment and stock for that fishing pattern, and hence, by 

multiplying the yield per recruit by the equilibrium recruitment, the total 

yield. The fishing pattern that gives the maximum yield is then readily 

determined. Under these constant conditions, and ignoring the possibility 

of changing -the age at recruitment, unique values of stock size and fishing 

mortality can be determined corresponding to this maximum, which 

corresponds to MSY and GNAI. The necessary steps in this have been set out 
in more detail by Sissenwine and Shepherd (1987). 
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In practice the recruitment will vary, possibly quite greatly, 

independently of any changes in adult stock. The difficulties that this 

causes in determining the underlying relation between mean~recruitment and 
adult stock are well known. In addition it invalidates any simple 

application of the concepts of GNAI or MSY. The greatest yield that can be 

sustained is one corresponding to full exploitation of the weaker 
year-classes - but a much less than full exploitation of the stronger ones. 

The net natural increases may be negative, even in the absence of fishing 

when strong year-classes are being replaced by weak ones. Conversely, the 

stock may increase when a strong year-class recruits, even when it is being 

heavily exploited. 

In the simplest form of this situation, in which the stock-recruit 

relation is known, it is possible to work out optimum strategies according 
to various economic or other criteria (see Clark 1985 Chapter 6). 
Unfortunately these procedures do not in general satisfy criteria such as 

those of CCAMLR, nor do they deal with sources of uncertainty other than 

those that Clark refers to as "gambler's uncertainty", Le. to take a 

simple example, the uncertainty as to the value that next year's 

recruitment will take from a (known) probability distribution about a 
(known) stock-recruit relation. 

Possible Criteria Under Variability and Uncertainty 

The previous section suggests that if a stock could suffer from 

both recruitment and growth overfishing, and its recruitment varies 

considerably, it is not easy to define, still less determine, policies that 
would satisfy general conservation criteria such as those demanded by 

CCAMLR. A possible way forward might be to apply separately the criteria 

relevant to the two types of overfishing, i.e. to ensure that the fishing 

mortality does not rise above the level causing growth overfishing (or a 

reduced yield per recruit), and the adult stock does not fall below the 

point where recruitment begins to fall appreciably. 
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Considerations of this kind lay behind the original concept of 

objectives such as FO . l (Gulland and Boerema 1973). These give a point on 
the yield per recruit curve which is objectively defined, and can be 

estimated reasonably precisely. In the conditions of the north Atlantic in 

the early 1970s, with consensus being vital, but countries seeing their 
interests corresponding to very different levels of fishing, F

O
. l enabled 

the. scientists in ICNAF to give clear advice on target levels of fishing 

mortality. This was not possible using MSY, because it gave either an 

unreasonably high value (if recruitment effects were ignored, and only the 

yield per recruit curve was used) or could not be estimated (if recruitment 
effects were taken into account). 

As Shepherd (in press) points out, FO . l does not take 

stock-recruitment effects explicitly into account, and thus, he suggests, 

sweeps this problem under the carpet. This is only partly true. One of 

the objectives of the original proponents was to make it less likely that 

the adult stock declined to the point at which recruitment might be 

affected seriously. In the case of most ICNAF stocks this was probably 

achieved, but, although using FO . l can make recruitment overfishing less 
likely, it is neither a sufficient nor a necessary condition for doing 

this. It may also be noted that because recruitment effects are not dealt 

with, FO . l may not necessarily be the point based on economic criteria that 

it is often supposed to be. That is, unless recruitment is not affected, 

the marginal yield (as opposed to marginal yield per recruit) will not be 

exactly 10% of the marginal yield at very light fishing. 

Despite these shortcomings FO . l does provide one leg of a 

management policy that will satisfy conservation criteria of e.g. CCAMLR. 

Ensuring the F does not exceed Fo .
l 

will prevent growth overfishing and 
discourage recruitment overfishing. What is needed is a second leg that 

goes further in preventing recruitment overfishing. This will chiefly be a 

matter of maintaining an adequate adult stock, which has been the top 

priority in managing marine mammals. 

Because of their low fecundity and low mortality in the pre-recruit 

phase (perhaps 50% compared with 99.999% or more for fish) recruitment 
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among marine mammals is more nearly proportional to adult stock than is the 
case for fish. Also, though the determination of the stock-recruit 
relation is not easy, some estimate of its general form and hence of the 

form of the relation between stock and net recruitment can be obtained. 

From this, the point of maximum net recruitment (MNR, which will be 

equivalent to GNAI or MSY) can be determined. If net recruitment rate 
(i.e. net recruitment as proportion of adult stock) declines linearly from 

a maximum at very low stocks to zero when the stock is at the carrying 

capacity of the environment, then MNR will occur when the stock is at 50% 

of the maximum. There is a belief, with some observational support, mostly 
from large terrestrial mammals (Fowler 1981) that the recruitment rate is 

fairly constant until the stock comes close to carrying capacity. In that 

case MNR or MSY will occur at a population size of more than 50% of 

maximum. 

Where there are formal commitments in terms of MSY or similar 

criteria, e.g. in the International Whaling Commission, or under the U.S. 

Marine Mammal Protection Act, there have been considerable discussions over 
the precise location of the maximum. The IWC has used a value of 60%. In 

the U.S. the requirement of Optimum Sustained Population (OSP) has been 

interpreted as being a range of population sizes from that giving MSY 

(usually taken as 60-70% of maximum) upwards. 

For fish, there is as yet no simple rule of thumb about how big the 

stock should be, though it is clear that for many stocks MNR occurs at 

population levels well below the unexploited level. For example MNR for 
the four stocks illustrated in Figure 12 of Cushing (1977) lie between 

about 50% (for salmon) and 25% (for cod) of the largest stock in the data 

series, the MNR for plaice being indeterminate but certainly less than 30% 

of the biggest observed stock. Bearing in mind that all these stocks have 
been heavily fished so that, with due reservations for the temporary 

effects of the occasional very large year-class, the observed levels of 

abundance are well below the original, unexploited, levels, it appears that 

keeping these stocks at 50 or 60% of the unexploited level would be 

unnecessarily cautious. 
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In practice, fisheries management has often erred in the opposite 

direction. Lacking any general guidance on what size of adult stock is 

needed, controls on fishing with the aim of preventing recruitment 

overfishing have not generally been introduced until enough data has been 

accumulated to determine empirically the stock-recruit curve for the stock 
in question. This determination usually requires observations at low 

levels of stock and of recruitment, i.e. the onset of the recruitment 
overfishing which a good management policy should prevent. Though 

scientists have warned about the possible onset of recruitment failure e.g. 

in relation to several herring stocks in the 1970s (Saetersdal 1980), or to 

the Peruvian anchovy just before the collapse (Anon 1972), these were 

seldom acted on. This failure was mainly because the recruitment collapses 

were possibilities or probabilities, rather than certainties, and the 

management practices of those times did not call for action until the need 

for action was fully proven. The relative scarcity of serious cases of 
recruitment overfishing is not due to good management, but because in many 

fisheries the fishing effort has not reached the critical level for 

economic reasons (the fishery ceases to be profitable) or because controls 

are applied to control the more easily demonstrable growth overfishing. 

A better awareness of the risks, and new management principles, 

such as the CCAMLR Convention, have reduced some of the difficulties of 
acting on probabilities without conclusive proof, but the scientific 

problems of knowing when action is becoming desirable (i.e. when the stock 

is likely to fall, in the absence of action, below the MNR level), remain. 

There is little chance, for the typical stock with considerable natural 

variation in recruitment, that the level of MNR can be determined purely by 
the manipulation of data (principally of pairs of values of adult stock 

size and resulting recruitment) from that stock until there are some values 

for stock sizes less than MNR. 

One approach to this problem is to recognize that there appear to 

be fairly consistent patterns in the stock-recruitment curves of different 

stocks within a taxonomic group. Thus for flatfish it is often difficult 

to detect any change in mean recruitment over a wide range of populations, 

and MNR occurs at a population that is a small proportion of the unfished 
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stock. Small pelagic fish (herrings, anchovies etc) on the other hand seem 

prone to recruitment collapses. In individual cases it may be difficult to 
disentangle possible effects of overfishing from those of environmental 

changes to which these stocks also seem to be sensitive (Murphy 1977) but 
the records of collapses closely following periods of heavy fishing are 

too long to doubt the importance of fishing. 

From these records it is possible to make rough estimates of the 

stock level at which recruitment starts to decline appreciably, expressed 

as a percentage of the unfished stock. A superficial examination of some 
of the available data, chiefly those presented at the 1983 FAO meeting in 

Costa Rica (Csirke and Sharpe 1984) suggests that MNR for clupeoid species 

occurs at stock sizes some 30-50% of the unexploited level. If further 

analyses confirm this suggestion, these values and similar values for other 

groups of species could be used for determining managemerit measures. 

Another approach is that being developed in the north Atlantic in 

terms of a replacement fishing mortality or fishing pattern (Anon 1985, 

Sissenwine and Shepherd 1987). This is based on a plot of observed values 

of adult stock, S, and subsequent recruitment, R, but no attempt is made to 

fit an explicit stock-recruit function. Instead it is noted that any 

fishing pattern (i.e. vector of fishing mortality at age) will correspond 
to a straight line in this diagram giving the adult stock that would arise 

from a given steady recruitment under that fishing pattern. Any points 

that lie above the line correspond to year-classes that would, under that 

pattern, do more than replace themselves. The proportion of points that 

lie above the line for any given pattern therefore gives an indication of 

the probability that the stock will increase under that pattern, i.e. that 

the yield is sustainable or better. 

Using this approach, several possible target values of fishing 

pattern (or of F, if possibte changes in age at first capture are not of 

concern) can be determined. Sissenwine and Shepherd propose the use of the 

median line, i.e. that with equal number of points above and below it, 

designated by Frep ' as likely to be best in practice. This could, if the 
mean value of R/S changes appreciably with stock size, be somewhat 
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conservative. They point out that, (using the terms of this paper), MNR 
would probably be better estimated by putting greater weight on the 

observations at low stock sizes, and Shepherd (1982) suggested the line 

that had only 10% of the points above it. With this value of F, or with 

Fhi9h in ICES terms (Anon 1986), it is known that the stock can sometimes 
replace itself, but these occasions may be so rare that over a period, 

replacement is not possible. Thus a value of F that will certainly avoid 

overfishing, but is not too restrictive cannot be determined without better 

knowledge of the underlying relationship. Nevertheless the various values 
noted here do give some guidance, with F probably being the best if it 

rep 

is preferred to make any error on the safe side. 

11. TOWARDS A POLICY FOR CCAMLR 

The Problems of Providing Advice 

One aim in preparing this note was to find some objectively 
definable quantities that the Scientific Committee of CCAMLR could use in 

advising the Commission in order that it could fulfil the objectives set 
out in the Convention. This was not entirely successful, and defining 

policies that will achieve GNAI (or MSY) , even for single species, remains 
difficult for fish, and even more for krill so long as the true 

stock-recruit relation is cloudy. Some guidance can be given in terms of 

either fishing mortality or stock size, the presumption being that action 
is called for if either measure falls into the danger zone. 

For krill, the problem is made more difficult by the need to take 
into account "associated and dependent" species. It is probably too early 

to hope to establish a policy for krill that can be put into quantitative 
terms, and the main consideration here will be given to the fish stocks. 
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The Fish stocks 

Limits on fishing mortality might be proposed in order to prevent 

either recruitment or growth overfishing. For the latter, Frnax' the value 
giving maximum yield per recruit, is the extreme upper limit, but for most 

purposes, including that of improved economic performance, Fo .
l 

will be the 

more satisfactory. Similarly, Frep is probably the better limit to use 
for avoiding recruitment overfishing. If these can be accepted as 

strategic objectives, then tactical advice can be framed in terms of 
preventing the actual value of F exceeding the lower of these two values. 

Consideration of limits on stock size, however, are likely to arise only 

through concern about recruitment overfishing. 

The limits proposed here, whether to F or biomass, provide useful 

criteria for management only if it is possible to determine, with 

reasonable reliability, when the limits are being approached. The 

experience of the IWC has shown how doubts about the values of population 
parameters can be used, by different groups at different times, to achieve 

particular objectives. The general uncertainties surrounding the other 

Antarctic stocks are certainly no less than those surrounding whales. 

However by focussing on those parameters that are relatively well known, 
and by addressing explicitly the implications of uncertainty, it may be 

possible to determine procedures that will enable the Commission to reach 

definite conclusions on what to do. 

For most fish stocks there are fairly good estimates of the 

biological parameters (growth, natural mortality, age at maturity etc) 

needed to construct yield per recruit curves and similar functions of 

fishing pattern, in fact, because age-composition data are available for 

several stocks from the time that exploitation began, the estimates of 

natural mortality for these stocks is probably better than for most other 

stocks. It is therefore possible to calculate for most stocks values of 

FO . l and also of the value of F that would prevent the spawning biomass per 

recruit falling below any desired percentage (say 30%) of that in the 

unexploited stock. Further, the nature of the uncertainties in the 

parameter estimates are such that it would not be unreasonable to ask the 
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Scientific Committee for lower limits to these F values, i.e. the lower 

limit to the possible values of FO. I ' taking into account uncertainties in 
growth, natural mortality etc. 

The Commission could then set strategic policy objectives in terms 

of target Fs (based on the information on FO. I ' spawning biomass per 
recruit, etc. and the central and lower bounds of these figures). It might 

also determine a safety net in terms of lower bound to the absolute level 

of the spawning stock i.e. the level below which the fishery should be 

closed for a time to allow rebuilding, regardless of the value of F. This 
would give the following decision tree. 

1. Is the spawning stock below the safety level? 

Yes; close the fishery. 

No; go to 2. 

2. Is the value of F in the next season likely to reach the target 

F if no measures are applied? 

Yes; apply measures to keep F to the target level. 

NO; allow unrestricted fishing for the next season. 

For the purposes of taking decisions, an uncertain answer to either 

question should be treated as a Yes (i.e. the fishery should be closed 
unless it is clear that the spawning stock is not dangerously low, and 

measures should be introduced unless it is clear that F will not reach the 

target level). 

A problem still remains, if measures are called for, in determining 

what measures, in an understandable and enforceable form, will ensure that 

the target F is not exceeded. Assuming that mesh regulations and similar 

measures have been taken as far as is practicable and have been taken into 
account in calculating yield per recruit and the target F, and that closed 

areas and closed seasons will not provide a sufficiently sensitive control, 

two types of controls remain - on catches and on fishing effort. 

Catch quotas have been the standard method in the traditional 

fishery commissions, principally because they used a measure (tons of fish) 

which was immediately comparable between countries. Experience has shown 
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that they can raise difficulties in enforcement and lead to uncertainties 
in the reported catch statistics, and, for some stocks, very serious 

problems in estimation. If next year's quota is to ensure a predetermined 

level of fishing mortality, i.e. have the hoped for effect on the stock, it 

must take account of the size of next year's stock. For long-lived stocks 
which are not subject to much natural variation e.g. whales, this is no 

problem. For most fish, including most North Atlantic fish subject to 

quotas, the work of calculating next year's quota is considerable. It 

involves two parts, determining (usually from catch records) the size of 

this year's stock, and how much of it will be present next year, and how 

many young recruits will enter the fishery next year (either from 

pre-recruit surveys or by assuming that recruitment will be average). 

Neither process is very accurate. 

For Antarctic stocks it might be reasonable to hope that meaningful 

quotas be calculated for Notothenia rossii (once the stocks are rebuilt to 

the point at which fishing would be P?ssible). For Champsocephalus 
however, the carry over of old fish is small, and the recruitment is so 

variable that controls by quota seems impracticable. If recruitment is 

strong, the opportunity for good catches may be lost, while if it is weak 

the stock may be severely over-fished. 

control by effort limitation may be easier. A serious objection, 

if no regular adjustments are made, is that improvements in fishing 

efficiency can mean that a control (e.g. that no more than 20 trawlers can 
fish) that may be satisfactory in 1987 can allow the actual value of F in 

say 1990 or 1995 to greatly exceed the target F. The worst of such dangers 

could be avoided by setting fresh limits on nominal effort each year, based 

on the values of F and fishing effort in the most recent years. 

Since some fish stocks cannot, on the arguments presented here, be 

managed by catch quotas, but could be managed by effort control, the 

question arises whether effort controls should be applied to all stocks. 
This should be possible. The chief problem would seem to be that of 

determining when effort is directed at a species, and the question of 

incidental catches. This might be dealt with by counting activities 
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(operations of a vessel for a season or a day) towards the effort limit for 

a species unless the catches of that species are below some acceptably low 

level. 

KRILL 

For krill much the same considerations apply, so far as 

constructing a yield per recruit curve or similar relations is concerned. 

The population parameters are not quite so well known (doubts surround the 

exact growth pattern, and it may be necessary to use a relatively wide 

range of parameter values). On the other hand F is clearly negligible at 

the moment, and any estimate of total mortality will also be an estimate of 

natural mortality. The difference comes in selecting a target, or limiting 

value of F. Clearly the value of FO. l ' or other target based on 
single-species considerations will correspond to very high levels of catch, 
(at least if applied to the Antarctic as a whole), and concern will almost 

certainly arise over the possible impact on other species before such 

target Fs are approached. 

Knowledge of the interactions between krill and other species is 

still far from enabling a target F to be set that would, for example, offer 

no threat to penguins. On the other hand information is being obtained on 

the degree of natural variation in local krill abundance that can occur, 

and its impact on associated species. From this it may be possible to 

determine boundaries to the extent of change in mean krill abundance that 

could be accepted without risk to other stocks - perhaps a decline of 10%. 
From calculations similar to those of yield per recruit it would be 
possible to determine what level of F on krill would be associated with 

such declines in krill abundance (assuming constant recruitment), thus 

giving a preliminary target for the maximum allowable F for krill (for the 

Antarctic as a whole, or for smaller areas) based on multi-species 
considerations. 

Translating these target FS, which might be adopted as medium term 

Commission strategic objectives, into specific measures will be more 

difficult than in the case of fish. At the time that such measures are 
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first considered it is likely that no direct estimates of F on krill will 

be available. However estimates of krill biomass have been made from 

acoustic surveys, appeals to consumption rates by predators etc. These are 

highly variable, but they do allow lower bounds to be set to the biomass, 

in the whole Antarctic, or for particular regions. The fact that such 

bounds may differ substantially from the true biomass (perhaps by an order 

of magnitude) is not important. The point is that the use of the relation 
Catch = F x mean biomass, will allow catch limits to be set that will 

ensure that the krill fishery does not harm other species. It will only be 

when these conservative limits become substantive obstacles to further 

development to the krill fishery that better estimates of biomass, or of 

current F, will become important. 
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Figure 1 Typical curves relating average recruitment to the abundance of 
the adult stock for the Ricker and Beverton and Halt equations. 
SoP~ denotes the value of adult stock that results in the 
max~mum difference between parent stock and subsequent 
recruitment. 
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Figure 2 Typical yield per recruit curves for high and low sizes at first 
capture (curves (a) and (b) respectively). Fo 1 denotes, for 
curve (b), the value of F at which the slope of the curve is 
one-tenth of that at the origin. 
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recruitment to subsequent stock size under different intensities 
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Legendes des figures 

Courbes typiques mettant en relation le recrutement moyen 
et l'abondance du stock adulte pour les equations de Ricker 
et de Beverton et Holt. SOPT indique la valeur du stock 
adulte qui mene a la difference maximale entre le stock 
parental et le recrutement subsequent. 

Courbes typiques de rendement par recrue pour les tailles 
elevees et basses a la premiere capture (courbes (a) et (b) 
respectivement). FO.l indique, pour la courbe (b), la 
valeur de F a laquelle la pente de la courbe est egale au 
dixieme de la pente a l'origine. 

Courbe de Ricker stock-recrue de la Figure 1, et lignes 
mettant en relation le recrutement et la biomasse 
subsequente en fonction de differentes intensites de peche 
(a, aucune peche, b, peche d'intensite legere, c, de forte 
intensite, d, valeur limite de la peche a laquelle le stock 
s'effondre). RI' R2 indiquent des recrutements 
d'equilibre dans les cas de peche legere et intense. 

Leyendas de las Fiquras 

Curvas tipicas que correlacionan el restablecimiento 
promedio con la abundancia de la poblacion adulta para las 
ecuaciones de Ricker y de Beverton y Holt. SOPT indica 
el valor de la poblacion adulta que resulta en la 
diferencia maxima entre la poblacion progenitora y el 
restablecimiento subsiguiente. 

Curvas tipicas de rendimiento por restablecimiento para 
tamanos altos y bajos en la primera captura (curvas (a) y 
(b) respectivamente). FO.l indica, para la curva (b), el 
valor de F donde la pendiente de la curva es una decima 
parte de la pendiente en el origen. 

La curva de poblacion-restablecimiento de Ricker de la 
Figura 1, y las lineas que correlacionan el 
restablecimiento con el tamano de la poblacion subsiguiente 
bajo diferentes intensidades de pesca (a, pesca nula, 
b, pesca ligera, c, pesca intensa, d, valor limite de pesca 
que provoca el colapso de la reserva). RI' R2 indican 
los restablecimientos de equilibrio bajo pesca ligera e 
intensa. 
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TJ.inJ.itfHble KpJ.iBble, CBH3bIBaIOl1{J.ie BeJIJ.itfJ.iHbI cpeAHero 
nOnOJIHeHJ.iH C pa3MepOM 3anaca B3POCJIhlX oco6eA B 
ypaBHeHHHx PJ.iKKepa J.i EeBepToHa J.i XOJIbTa. SOPT 
- BeJIHtfJ.iHa 06~eMa 3anaca B3POCJIhlX oco6eA, 
nOJIYtfeHHaH KaK pe3YJIbTaT MaKCJ.iMaJIbHOA pa3HJ.iQhl 
Me~AY pOAJ.iTeJIbCKJ.iM 3anaCOM J.i nOCJIeAYIOI1{HM 
nOnOJIHeHJ.ieM. 

TJ.inl1tfHble KpJ.iBble "BbIJIOBa Ha oco6 b nOnOJIHeHJ.iH" npJ.i 
60JIbllIJ.iX 11 MaJIbIX pa3Mepax npJ.i nepBOM BbIJIOBe 
/KpJ.iBhle Ca) J.i Cb) cooTBeTcTBeHHo/. FO 1 -
AJIH KPJ.iBOA Cb) AaeT BeJIJ.itfJ.iHY F, npJ.i KOTOPOH 
HaKJIOH KPJ.iBOH paBHHeTcH OAHOH AecHToH TaKOBoro Y 
HatfaJIa KOoPAJ.iHaT. 

KpJ.iBaH "3anac/oco6b nOnOJIHeHJ.iH" - PJ.iKKepa, AaHHaH 
Ha Pl1cYHI<:e 1, J.i- Kpl1Bble, CBH3bIBaIOl1{J.ie nOnOJIHeHJ.ie C 
nOCJIeAYIOI1{I1M pa3MepOM 3anaca npM pa3JIJ.itfHbIX ypOBHHX 
J.iHTeHCJ.iBHOCTJ.i npOMhlCJIa Ca - OTCYTCTBJ.ie 
npOMbICJIa, b - He60JI bllIOA npOMbICeJI, C -
J.iHTeHCJ.iBHbIH npOMbICeJI, d - npeAeJIbHaH BeJIJ.itfJ.iHa 
J.iHTeHCJ.iBHOCTJ.i npOMhlCJIa, npJ.i KOTOPOH 3anac 
J.iCTO~aeTcH). Rl' R2 - BeJIl1tfl1Hhl nOnOJIHeHJ.iH npl1 
He60JI bllIOM J.i I1HTeHCI1B HOM npOMbICJIe, AalOl.~J.ie 
paBHOBeCHoe COCTOHHJ.ie. 
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CEPHALOPOD RESEARCH IN THE ANTARCTIC 

P.G. Rodhouse 
(United Kingdom) 

Abstract 

SC-CAMLR-VI/BG/ll 

Cephalopods are a major component of the Antarctic 
marine food web and it seems inevitable that they will 
be the subject of future commercial exploitation. 
Research is being carried out at BAS on the species 
composition and distribution of Antarctic cephalopods, 
their production and biomass, population dynamics and 
trophic relations. However, there is insufficient 
information at present for CCAMLR to formulate effective 
policy for management of Antarctic cephalopods. In view 
of the rapidity that cephalopod fisheries can develop 
there is need for co-ordinated international research 
effort. Any commercial fishing for cephalopods should 
be fully monitored, research should be concentrated on 
population biology and trophic relations of cephalopods, 
and a central reference collection of Antarctic 
cephalopods should be established. The Cephalopod 
International Advisory Council (CIAC) should receive the 
support. of CCAMLR. 

Les cephalopodes forment un element majeur de la chaine 
trophique marine en Antarctique et il parait inevitable 
qu'ils feront a l'avenir l'objet d'une exploitation 
commerciale. Des recherches se poursuivent actuellement 
au BAS (British Antarctic Survey) sur la composition et 
la repartition des cephalopodes antarctiques, leur 
production et leur biomasse, leur dynamique 
demographique et leurs relations trophiques. Faute 
d'informations suffisantes, la CCAMLR n'est cependant 
pas en mesure pour l'instant d'enoncer une politique 
efficace sur l'amenagement des cephalopodes 
antarctiques. La rapidite avec laquelle peut se 
developper l'exploitation des cephalopodes impose un 
effort de recherches coordonnees sur le plan 
international. 11 serait necessaire de controler toute 
exploitation cornrnerciale des cephalopodes, de concentrer 
les recherches trophiques des cephalopodes, et d'etablir 
une bibliotheque centrale de reference sur les 
cephalopodes antarctiques. Le Conseil Consultatif 
International sur les Cephalopodes (CIAC) devrait 
beneficier du soutien de la CCAMLR. 
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Resumen 

Los cefalopodos constituyen un importante componente de 
la red alimenticia marina antartica y parece inevitable 
que fueren objeto de una explotacion comercial futura. 
Se °esta llevando a cabo una investigacion en la 
Prospeccion Antartica Britanica (BAS) sobre la 
composicion de las especies y la distribucion de 105 
cefalopodos antarticos, su produccion y biomasa, la 
dinamica de sus poblaciones y sus relaciones troficas. 
Sin embargo, no existe actualmente informacion 
suficiente que permita a CCAMLR formular una politica 
efectiva para la administracion de 105 cefalopodos 
antarticos. En vista de la rapidez que pueden 
desarrollar las pesquerias de cefalopodos, existe la 
necesidad de un esfuerzo de investigacion internacional 
coordinado. Toda pesca comercial de cefalopodos deberia 
ser totalmente controlada, la investigacion deberia 
concentrarse en la biologia de las poblaciones y las 
relaciones troficas de los cefalopodos, y deberia 
establecerse una coleccion de referencia central de 
cefalopodos antarticos. El consejo Internacional de 
Asesoramiento sobre cefalopodos (CIAC) deberia recibir 
el apoyo de CCAMLR. 

PC310Me 

rOJIOBOHOrl1e OAHa 113 OCHOBHblX COCTaBJIR/OlI{l1X 

aHTapKTI14:eCKOH MOPCKOH Tpoq,l14:eCKOH l..\elll1, 11 

npCACTaBJIReTCR HCI136eJKHbIM, 'iTO B 6YAy~eM OHI1 

RBHTCR 06'bCKTOM KOMMCPl.fCCKOH 3KCnJlyaTal..\l1l1. B 

BAS (BpI1TaHCKOM ynpaBJICH1111 aHTapKTI1l.feCKOH 

C'beMKI1) B HaCTOH~CC BpeMR npOBOAflTCfl 

I1CCJICAOBaHl1fl no BI1AOBOMY COCTaBY 11 

pacnpCAeJICHl110 aHTapKTI1l.feCKI1X rOJIOBOHOrI1X, I1X 

npOAYKTI1BHOCTI1 11 6110Macce, AI1HaMI1Ke 1I0nYJlfll..\I111 

11 Tpoq,l14:eCKI1M CBfl3flM. TeM He MeHce, I1MC/OlI{eHCH 

B HaCTOfl~ce BpeMH I1Hq,opMal..\l1l1 HeAOCTaTOl.fHO AJIfl 

Bblpa60TKI1 AHTKOMoM 3qxpeKTI1BHOH CTpaTe1'1111 

ynpaBJICHI1R 3anaCaMI1 rOJIOBOHOrl1X AHTapKTI1KI1. 

BBI1AY Toro, 'iTO npOMblCeJI rOJIOBOHOrl1X MO)l(eT 

B03HI1KHYTb Ol.feHb CKOpO, I1MCeTCH nOTpe6HOCTb B 

CKOOPAI1Hl1pOBaHHOH MC)I(AYHapOAHOH I1CCJleAOBa TeJI b­

CKOH AeHTeJI bHOCTI1. JlJo60H KOMMepl.feCKI1H npOMblCeJI 

l'OJIOBOHOrl1X AOJI)I(CH nOJIHOCT blO HaXOAI1T bCH /lOA 

KOHTpOJIeM; I1CCJIeAOBaHI1H AOJI)I(HW 6WTb 

CKOHl..\eHTpl1pOBaHhl Ha 6110JIOrl111 nonYJIHl..\l1H 11 

Tpoq,l1l.feCKI1X CBH3RX rOJIOBOHOrI1X, a TaK)I(e AOJI)I(Ha 

6blT b c03AaHa peq,cpaTI1BHaH KOJIJICKI..\I1H 

aHTapKTI1l.feCKI1X rOJIOBOHOrI1X. MC)I(AYHapOAHblH 

KOHCYJIbTaTI1BHWH COBeT no rOJIOBOHOrl1M (CIAC) 
AOJI)I(eH nOJIYl.fI1Tb nOAAep)l(KY AHTKOMa. 
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CEPHALOPOD RESEARCH IN THE ANTARCTIC 

Paul G. Rodhouse 

Marine Life Sciences Division 

Natural Environment Research Council 

High Cross, Madingley Road 
Cambrdige CB3 OET, United Kingdom 

The Southern Ocean is known to contain large stocks of cephalopods, 

especially squid, which form an important component of the diet of several 

species of whales, seals and birds (Roper, 1981; Clarke, 1983). Important 
commercial fisheries for squid currently exist in sea areas adjacent to the 

Antarctic - around New Zealand and the Falkland Islands - and there has 

been at least one exploratory squid-fishing expedition, south of the 

Antarctic Polar Front, in the vicinity of South Georgia. There is an 

expanding world market for squid and squid products and it is inevitable 

that, in the future, Antarctic squid stocks will come under pressure of 

commercial exploitation. Recent experience has shown that squid fisheries 

can rapidly become very large. It is therefore important that the 
Commission for the Conservation of Antarctic Living Marine Resources 

(CCAMLR) should be preparing plans for an effective management strategy 

before large scale fishing commences. 

The effective management of stocks of Antarctic cephalopods will 
depend upon knowledge of : 

1. The species composition and distribution of the Antarctic 
cephalopod fauna 

2. Production and biomass 

3. Demography and population dynamics 

4. Trophic relations - role of cephalopods as predators and prey 

in the Southern Ocean ecosystem. 
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This paper considers the current state of knowledge for each of 

these topics in order to highlight key areas for research. 

CURRENT STATUS OF ANTARCTIC CEPHALOPOD RESEARCH 

Species Composition and Distribution 

The Antarctic cephalopod fauna is poorly known because much of the 

material available to science has been the semi-digested remains from the 
gut contents of vertebrate predators. The approximate geographical range 

of the major species of the Antarctic is given by Fischer and Hureau (1985) 

but this list is not exhaustive (see Clarke, 1980) and there is almost no 

information about the relationships between species and particular water 

. masses or current systems or their relationships with the continental shelf 

or island groups. 

A cephalopod sampling programme, using a RMT25, was initiated by 

the British Antarctic Survey (SAS) during the 1986-87 Antarctic season. 

This net was fished open and produced an important collection of squid from 

the vicinity of the South Georgia shelf break. The collection, together 

with Antarctic collections from the 'Discovery' expeditions and from the 

'Walther Herwig', 'Polarstern' and 'Professor Siedlecki' cruises, is being 

examined by the author at SAS •. Considerable progress could be made by 
further sampling for cephalopods with large mid-water and bottom trawls and 
possibly with commercial jigging gear. 

The distribution of the early-life phases of three common species 

of squid, in relation to the vertical structure of the Southern Ocean, has 

been examined at SAS by Rodhouse and Clarke (1985, 1986) and Rodhouse (in 

press a). These data, although very limited, suggest distinct patterns of 

distribution in relation to the hydrological structure of the ocean. 

Further sampling with opening/closing nets is needed to obtain information 
on vertical distribution of other species and at different geographical 

locations. 
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Production and Biomass 

A considerable body of data has been collected by SAS, in 

collaboration with the Marine Biological Association of the UK (MBA), on 
the consumption of cephalopods by homeothermic vertebrate predators (Clarke 

et al., 1981; Clarke and McLeod, 1982a, b; Clarke and Prince, 1981; Croxall 

and Prince, 1982; Rodhouse et al., 1987; Rodhouse, in press b). These data 

have enabled Clarke (1983) to estimate the total cephalopod consumption in 
the Southern Ocean, and Croxall et al. (1985) to estimate consumption in ," 

the Scotia Sea. The estimates, 34.2 million tonnes and 3.7 million tonnes 

per year respectively, demonstrate the importance of squid in the ecosystem 

and, in the absence of any information on total production, highlight the 

need for prudent management plans. 

Using currently available data it is impossible to estimate the 

standing stock of Antarctic cephalopods. It is unlikely that much progress 

in estimating stocks of Antarctic cephalopods can be made until commercial 
scale fishing operations commence. Stock assessment of target species will 

clearly be of the highest priority following the onset of commercial 

exploitation. 

Demography and Population Dynamics 

Cephalopod populations differ from other commercially exploited 

fish populations in a number of respects and provide special problems for 

management (Caddy, 1983; Amaratunga, 1987). There are no life-history data 

for any species of Antarctic cephalopod. Indeed the life histories of very 

few cephalopod species are known (Boyle, 1983). Data will be required on 

the biological parameters - growth, mortality, life span, fecundity and 

migrations - upon which population management models are based. 

The author is currently engaged in research on the life cycles and 

growth of two species of cool temperate myopsid squid species, 

Alloteuthis subulata and Loligo gahi, from the UK and the Falklands Islands 

respectively, and the cool temperate oegopsid squid Illex argentinus from 

the Falkland Islands fishery. Data are being collected on growth, 
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maturation and the morphometric, histological and biochemical changes 
associated with these processes. The resulting analyses will be an 

important contribution to fundamental knowledge of cephalopod life cycles 

and will be valuable for comparative purposes as information from Antarctic 

species becomes available. 

It is known that cephalopods generally have high growth rates and 

growth efficiencies. However, until recently, population studies have been 

hampered by lack of reliable methods of estimating age. Recent advances in 
validating the daily nature of micro-growth increments in the cephalopod 

statolith (Dawe et al., 1985; Hurley et al., 1985; Lipinski, 1986; Yang et 

al., 1986) now enable age to be determined with reasonable confidence. 

Studies at SAS on size at age for the species from the Falkland Islands 

fishery are being carried out and techniques for preparation and reading of 

statolith growth increments are being refined. 

At SAS, cephalopod growth is also being studied using an index 
calculated from the ratio in the tissues of RNA to DNA. This index is based 

on the hypothesis that, within a living cell, nuclear DNA content is fixed, 

provided it is not dividing, but RNA content varies with protein synthesis 

rate. The RNA/DNA ratio may thus provide a means of assessing rate of 

metabolic turnover. This information can then be used to assess 
nutritional status and comparative growth rates of cephalopods caught in 

the field. A protocol for the assay of nucleic acids in cephalopod tissue 

has been developed and a growth experiment has been run with 

Sepia officinalis, fed at a range of food rations and temperatures. This 

material is being used to validate the nucleic acid ratio as an index of 

growth rate in cephalopods. If successful, the technique has the potential 

for enabling the assessment of nutritional status and comparative growth 
rate of juvenile cephalopods from net hauls in the Antarctic. This type of 
data in turn may be useful, in the future, for predicting year class 

strength of exploited species prior to recruitment. 

Factors associated with mortality in cephalopods are poorly 

understood. Clearly, predation by vertebrates is a major factor in the 

Southern Ocean but the contribution to total mortality is not known. In 
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many species of cephalopod for which the life history is known, life span 

is approximately one year; spawning occurs once and is quickly followed by 

death. Size frequency distributions of the cephalopod prey of Antarctic 
predators (cf. Rodhouse et al., 1987), estimated from beak size 

distributions, suggest that populations of most species consist of a single 

year class. However, this may reflect selective feeding by the predators 
and further information from other sampling methods is required before firm 

conclusions can be drawn about the life span of Antarctic cephalopods. 

Fecundity of cephalopods from temperate and tropical seas tends to 

be relatively low (Caddy, 1983) and the eggs are usually large. The 

evolution of semelparity in the group suggests that juvenile mortality is 
generally low. There is evidence that the evolution of life history 

patterns in marine organisms has been influenced by latitude (A. Clarke, 

1983) and so it is possible that there are differences between high 

latitude species and those from warmer waters. 

Knowledge of seasonal patterns of migration in relation to life 

history is often important for the management of exploited cephalopod 
populations. Data are entirely lacking for Antarctic species. 

Trophic Relations 

Research on the role of cephalopods as prey for Southern Ocean 

homeothermic vertebrate predators continues at BAS and includes studies on 

Southern Elephant Seals (Mirounga leonina) and Wandering, Grey-headed and 

Black-browed Albatrosses (Diomedea exulans, D. chrysostoma and 

D. melanophris). Information from this research will be essential if 

cephalopod stocks are to be managed with due consideration for the 

conservation of those species of birds, whales and seals which consume 

cephalopqds as a major part of their diet. Predation by fish has not been 

researched but this is also a question which should be addressed. Total 

allowable catch will have to be set in any future fishery so that the yield 

to predators is maintained at a level which ensures their stable 
recruitment. 
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It is also important that, in the future, some emphasis should be 
placed on elucidating the role of squid as predators in the Southern 

Ocean's pelagic/meso-pelagic community. In this context BAS is 

collaborating with the Zoology Department at the University of Aberdeen, 

through a Natural Environment Research Council (NERC) CASE postgraduate 

award, to explore the use of serological methods to analyse the gut 

contents of Antarctic cephalopods. 

Antibodies to Antarctic krill (Euphausia superba) have been 
successfully raised in rabbits and testing is being carried out for cross 

reactions with other pelagic species which are putative prey items of 

Antarctic cephalopods. When these tests are complete, the gut contents of 
three species of squid, collected by BAS during the 1986/87 season, will be 

tested for the presence of Euphausia superba. In addition to the serology 

programme, research is also being carried out on the functional morphology 

of the beaks of Antarctic squid. 

Future research will also include more conventional analyses of 

cephalopod gut contents such as the use of eye remains to identify prey 

species and estimate their size (see Nemoto et al., 1985) 

International Co-ordination of Cephalopod Research 

Cephalopod research is in progress at several institutes 

world-wide. The Cephalopod International Advisory Council (CIAC) sponsors 

symposia, workshops and scientific publications relating to the Cephalopoda 

as well as publishing a newsletter. It provides an international forum for 
scientific exchange on matters of cephalopod biology. 

CONCLUSIONS 

The Southern Ocean contains large, unexploited stocks of squid 
which potentially have a high commercial value. Two major fisheries for 

squid exist adjacent to the Southern Ocean, in the south-east Pacific and 

South Atlantic. It is almost inevitable that attention will soon turn to 
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southern Ocean stocks. Experience elsewhere, notably in the Falkland 

Islands fishery, has shown that squid fisheries can develop very rapidly. 

If this were to happen in the Antarctic, without adequate management, there 

would be potentially serious consequences for the squid stocks and for the 
predator populations - birds, whales and seals - for which squid are a 

major food resource. 

Current knowledge of the biology of Antarctic squid stocks is 

inadequate for CCAMLR to formulate effective management policy. There is 

therefore a pressing need for international effort in this field. This 

could be achieved by concentrated effort on the following topics 

1. Co-ordination of research effort so as to pool resources and 

information. It is particularly important to increase our 

knowledge of the species composition and distribution of the 

Antarctic cephalopod fauna. 

2. Any commercial cephalopod fishing in the Antarctic should be 

monitored fully and scientific information from such 
activities should be maximised. Catch and effort data, based 

on a meaningful effort index, are clearly of prime importance 

for making stock estimates. However, given the state of 

knowledge of the Antarctic cephalopod fauna, the value of 

obtaining specimens from commercial catches should be 

emphasized. Considerable benefit to science and commerce 
would be derived from placing scientific personnel aboard 

commercial vessels fishing for cephalopods in the Antarctic. 

3. Increasing research effort into the population dynamics of 

Southern Ocean cephalopods; in particular ensuring uniformity 

of criteria and methodology used in age determination. 

4. Investigations of the trophic relations of cephalopods, both 

as predators and prey. 
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5. Establishment of a central reference collection of Antarctic 

cephalopod material. 

6. The Cephalopod International Advisory Council (CIAC) is the 

international organization for professional cephalopod 

workers. Where its activities are relevant to the Antarctic 

it should receive the support of CCAMLR. 
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Abstract 

Japanese krill fishing operations were observed on board 
a commercial vessel and the actual operation described 
in detail. "Fish-finder" was mose useful in detecting 
swarms, while sonar was used to judge the towing 
direction. The size of fished swarms ranged from 100 m 
to 10 km with different distributions occurring in 
different fishing areas. While catch per towing time 
reflects within-swarm density, catch per day was thought 
to be a good index to measure abundance of a 
concentration. Comparison of such an index across time 
and space may prove difficult due to problems of 
standardization when data from different vessels are to 
be used. 

Les operations de peche de krill japonaises ont ete 
observees a bord d'un navire commercial et les 
operations proprement dites ont ete decrites dans le 
detail. Le "detecteur de poissons" a ete tres utile 
pour detecter les bancs, alors que le sonar a servi a 
estimer la direction de chalutage. La taille des bancs 
peches aUait de 100 m a 10 km, la repartition variant 
selon le secteur de peche. Alors que la prise par temps 
de chalutage reflete la densite au sein du banc, la 
prise par jour semblait un bon indice pour mesurer 
l'abondance d'une concentration. La comparaison de cet 
indice sur le plan temporel et spatial pourra s'averer 
difficile etant donne les problemes de standardisation 
lorsque doivent etre utilisees les donnees provenant de 
differents navires. 

Resumen 

Se observaron operaciones pesqueras de krill japonesas a 
bordo de una nave comercial y se describio en detalle la 
operacion en si. El "Fish-finder" ("Localizador de 
peces") fue de gran utilidad en la deteccion de 
cardUmenes, mientras que el sonar fue usado para decidir 
la direccion de remolque. El tamano de los cardumenes 
pescados vario de 100 m a 10 km, observandose diferentes 
distribuciones en distintas areas pesqueras. Mientras 
que la captura por tiempo de remolque refleja la 
densidad dentro del cardUmen, se penso que la captura 
por dia era un buen indice para medir la abundancia de 
una concentracion. La comparacion de tal indice a 
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traves del tiempo y el espacio puede resultar dificil 
debido a 105 problemas de estandarizacion cuando deban 
utilizarse datos de diferentes embarcaciones. 

Pe310Me 

C 60pTa KOMMep'IeCKOf'O cYAHa BeJIOC b Ha6JIIOAeHI1e 
3a flnOHCKHMH npOMWCJIOBWMH onepaQHflMH npH 
npOMWCJIe KPHJIfl, H AHeTcfl AeTaJIbHOe onHcaHHe 
3THX onepaQHW. "PbI6oHCKaTeJI bIt OKa3aJICfl 
HHH60Jlee nOJIe3HbIM npH 06HapY)I(eHHH CKOflJIeHHW, B 
TO BpeMfl KaK f'HApOJIOKaTOp HCnOJIb30BaJICfl npH 
onpeAeJIeHHH HanpaBJIeHHfl TpaJIeHHfl. Pa3Mepw 
06JIOBJIeHHbIX CKOnJIeHHW BapbHpOBaJIHCb OT 100 M 
AO 10 KM C pa3JIH'IHbIM pacnpeAeJIeHHeM Ha pa3HbIX 
npOMbICJIOBbIX y'IaCTKax. BeJIH'IHHa "YJIOB Ha BpeMfI 
TpaJIeHHfl" OTpa)l(aeT nJIOTHOCT b BHYTPH CKOIIJIeHHfl; 
C'IHTaJIOCb, 'ITO BeJIH'IHHa "YJIOB 3a AeHb" 
flBJIfleTCfl XOPOlliHM flOKa38TeJIeM AJIfI OIIpeAeJIeHHfI 
'IHCJIeHHOCTH KOHQeHTp8QHH. CpaBHeHHe., TaKHX 
flOKa3aTeJIeW no BpeMeHHOW H llpOCTpaHCTBCHHOW 
IDK8JIe MO)l(eT OKa3aTbCfl HeJIef'KHM AeJIOM, T.K. npH 
HCnOJIb30BaHHH ABHHhlX C P83JIH'IHWX CYAOB 
B03HHKalOT TPYAHOCTH C HX CT8HA8pTH3aQHeW. 
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OBSERVATIONS OF FISHING OPERATIONS ON A KRILL TRAWLER 
AND DISTRIBUTIONAL BEHAVIOUR OF KRILL OFF WILKES LAND 

DURING THE 1985/86 SEASON 

Taro Ichii 

Far Seas Fisheries Research Laboratory, Fisheries Agency 

7-1, 5-Chome, Orido, Shimizu, Shizuoka, Japan 424 

1. INTRODUCTION AND MATERIALS 

It is now becoming a necessity to develop stock assessment of krill 

not only to manage the stock but also to monitor and manage the Antarctic 

ecosystem as a whole. The usefulness of CPUE (catch per unit effort) data 

as an index of krill abundance is now under investigation in the "Krill 

Simulation Studies of CPUE" by the Scientific Committee of CCAMLR. This 

study desperately needs information on fishing operational strategies and 
aggregation behaviour of krill. 

This document summarizes information collected on board a 
commercial vessel, including information on the fishing strategies and 

actual operation and on the distributional behaviour of krill necessary for 

the interpretation of CPUEs. 

Information utilized in this report was collected on board Zuiyo 
Maru No. 2 (3 023 tons, Hakodate Kokai Gyogyo Co.) throughout the 1985/86 

season off Wilkes Land. The operational features may not necessarily be 

the most representative of the Japanese krill fishery in the past there, or 
at present in the Scotia Sea. 

2. THE FISHING STRATEGIES 

2.1 Favorite Krill Quality 

Three types of products were produced by Zuiyo Maru No. 2 : 

fresh-frozen krill (for fishing bait and food in fish culture), 

boiled-and-frozen krill (for human consumption), and meal (for food in fish 
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culture). In addition to these products, Japanese vessels produce peeled 

krill meat (for human consumption), and more than half the total Japanese 
catch is used for direct human consumption. processing constraints differ 

according to the product. Fresh-frozen and boiled-and-frozen krill must be 

processed within 3 hours of capture, whereas meal can be processed much 

later. 

The major products of Zuiyo Maru No. 2 were fresh-frozen and 

boiled-and-frozen krill. The determining factors were as follows : 

1. "Greenness" 
"Green" krill were commonly found during January off Wilkes Land. They 

have a green hepatopancreas as a result of intensive feeding on 

phytoplankton and were avoided because of their dirty appearance, 
unfavorable smell and inferiority in taste. Processing options were 

". 

affected by krill greenness (Table 1). Of the three types of above 
products, fresh-frozen krill is the most sensitive to greenness. 

2. Size 
Although instructions for reporting size of krill in the logbook 

required categorization of the krill by body length, this vessel took 

body height as well into consideration in the categorization : LL 
(larger than 45 mm, and 7.3 mm in average height), L (between 35 and 45 

mm in length, and 6.5 mm in average height), and M (below 35 mm in 

length, and 4.3 mm in average height). Generally the largest size 

category is the most preferable to the fishery. The smaller classes 

are less valuable due to marketing competition with the smaller 

euphausid species, Euphausia pacifica, fished off northern Japan. 

But the smaller sized krill, on the other hand, tend to be less green 

and they are caught preferentially if only green krill are available to 

the fishery. 

3. Gravid females 

Gravid females were sought especially when green krill were unavoidable 

because egg diminishes the green appearance and adds tastiness. 
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4. Body color 
Transparent krill (called "white") are firm and look delicious, while 
brick red/pink hill (called "pink") are flaccid and easy to crush. 

This grading has come to be adapted following that used for shrimps. 

White are more valuable than pink. 

2.2 Macroscale Ground Selection 

The krill fishery has not been a self-sustaining operation 

economically and hence a combination with other bottom trawling operations 

was sought. Historical fishing grounds used by Japanese krill expeditions 

are divided geographically into three regions : off Enderby Land, off 

Wilkes Land (including George V Land), and the Scotia Sea. 

In earlier years, the trawlers operated in the fishing grounds off 

Enderby and Wilkes Lands. This is partly due to the survey on the 

feasibility of a krill fishery started off Enderby Land by the Japan Marine 

Fishery Resources Research Center (JAMARC) and partly due to the least 

transit times to Japan and fishing grounds of demersal fish off Africa. In 

recent years, the through-year activity of the trawlers has come to be 

incorporated into the fish and squid-harvesting off South America and New 

Zealand and almost all the vessels operate in the Scotia Sea. Only one or 
two vessels operate off Wilkes Land and none operates off Enderby Land. 

Besides this logistic/economic advantage, the Scotia Sea ground has 
other desirable factors, e.g. the better catch rates and the higher 

proportion of the LL sized krill, which are indispensable for the recently 

developed technology used in producing peeled krill meat. Another 

advantage is the geographical feature which diminishes worry about cargo 

work. 

In contrast, the quality of krill of Wilkes Land is better than 

that in the Scotia Sea (Table 2). For 'example, catches may be kept for 

processing fresh-frozen products for about three hours, one hour longer 

than in the Scotia Sea. Flaccid krill have become a problem since the 

Scotia Sea became the main operating area. 
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Zuiyo Maru No. 2, in 1985/86, chose the ground off Wilkes Land, 

although she had to engage in squid fishing off the Falkland Islands 

afterwards. The reason was that the quality of krill off Wilkes Land had 

been extremely good (white krill, the largest size class and high 

percentage of gravid females) in the previous season and similar quality 
was expected based on information from vessels of another company that had 

already been operating there. Unfortunately there was no white krill by 

the time the vessel reached there, but it was decided to operate in this 

ground. 

2.3 Searching for Krill Concentrations 

Krill distribution is too patchy to be able to come across 

harvestable concentrations by a random "walk-search" method, so the vessel 

made use of various information. In Table 3 are shown frequencies of 
causes of major shifts of Zuiyo Maru No. 2 in search of a new fishing 
ground during the season. 

The most important information was the historical distribution of 

good harvesting areas. Such areas tend to occur in rather limited areas, 

possibly linked to oceanographic features such as submarine rises, the 

eddying effect around the tips of glaciers or the Antarctic Divergence. 

These features may hold krill in that area for a prolonged period. The 

best fishing area operated by Zuiyo Maru No. 2 in 1985/86 season was within 
the area of good harvesting in the past. 

During operations, the crew collected data along the expedition 

route on the quality and quantity of krill and water temperature. These 
data were utilized to forecast a change in biological and fishing 

conditions to determine whether to return to the areas previously found but 

abandoned successively. 

Communication with other fishing vessels and sometimes with the 

cargo ship were made to enhance the ability to find high density areas. 
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Minke whales were not a useful cue, as usual. They were seen in 

low krill density areas as frequently as in high density areas. This was 

partly because fishing areas were far away from the pack ice edge where 
minke whales feed on krill. Icebergs were not useful to find krill 

concentrations. within concentrations, however, they could sometimes be 

useful to detect swarms until they moved away with the current in a day or 

so. 

The vessel was very experienced and eager to find high density 

areas. She increased frequency of directional changes immediately after 
detecting low density krill to find her way into density areas. 

2.4 Detection of Swarms 

Once the vessel succeeded in finding areas of high krill density 

(concentrations), detection of individual swarms was the basic activity of 

the operation. The fishing vessel tended to select the larger sized swarms 

to tow. The distribution of swarms thus selected and actually towed varied 
in size from 100 m to 10 km (Figure 1). Extremely large swarms extended 

over 5 km with very low density. 

In Table 4 are shown the relative frequencies of cues used in 

detecting swarms on which tows were made. Fish-finder was the most 

important cue throughout the season. In high density areas, the number of 

swarms per unit area was so high that there was little need to rely on 

sonar which gave a wider horizontal effective search width. Also in areas 

where swarms exceeded more than 3-4 km length/diameter but their densities 

were too low for being detected by sonar, fish-finder was the only method 
on which to rely. 

When swarms were small and scattered (generally in the beginning of 

the season), sonar was indispensable in detecting them. It could detect 

krill swarms at ranges of 300-400 meters when swarms were dense and well 

below the surface. (Krill swarms are generally denser in the Scotia Sea 

and the detectable range may extend up to 800 meters.) Although 
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fish-finder can detect swarms at any depth just below the vessel, sonar 
could miss dense swarms because of its narrow vertical range of detection. 

The main usage of sonar in the high season was to detect the direction of 

extension in order to judge the direction of towing. 

Surface swarms, which usually occurred only in the half-light 

period after sunset, were difficult to detect by sighting. Another vessel 

which had crews experienced in whale sightings seemed to use sighting to 

some extent. 

3. FISHING ~ 

3.1 Fishing Areas in the 1985/86 Season Off Wilkes Land 

As a result of operations by Zuiyo Maru No. 2, the characteristics 

of six fishing areas (Figure 2) are summarized in Table 5. In those areas, 

operations were continued more than three days. Among them, areas H2 and J 

met best with the requirement of production where a constant daily catch of 

over 50 tons was attained. In the best harvestable area H2, which had been 

a good fishing area in the past as well, the vessel's maximum capacity of 

daily catch of 100 tons was reached. Area Hl may correspond to the 

periphery of the concentration H2, judging from the similarity in length 

frequency histograms. Area J, which was found based on the information 

from the cargo ship, seemed to correspond to the Antarctic Divergence. 

Other areas such as F, D and B were less dense, although area D and 

B provided a fairly good yield of white krill in the previous season. In 

those offshore areas, the concentrations may vary from year to year. 

3.2 High Yielding Fishing Area for the Past Four Years 

Around area H2, tnere have been good yielding areas for the past 

four seasons except in the 1984/85 season when vessels were concentrated on 

white krill found offshore (Figure 3). The spatial scale of this good 

concentration was 100-300 km from east to west and 30-50 km from north to 
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south and corresponds to meso-scale aggregations according to the diagram 

of Haury et al. (1977). Submarine rises seemed to hold krill in this area. 

Krill abundance surveys by research vessels should be designed in such a 

way as not to miss this scale of concentrations. 

4. CATCH RATES 

4.1 The utility of Catch Per Day and Catch Per Haul 

in Juding the Worth of Fishing Areas 

When the vessel moved to a new area, catch per haul of the first 

few hauls gave a base to determine whether to stay or to leave. If krill 

quality was bad in the first haul, the vessel left irrespective of the 
catch per haul. A level of about three tons of catch per haul was used as 

the criterion. 

The decision to leave areas where they had kept on operating was 

made on the basis of catch per day. If catch per day was less than 50 

tons, the vessel left the area and moved to new areas. 

4.2 Interpretation and Usefulness of CPUE 

Data obtained from individual operations are catch and towing time. 

Accumulated catch and number of hauls by day can be calculated easily. 

Thus catch per day, catch per haul and catch per towing time are major 
CPUEs from the krill fishery. 

Catch per towing time seems to be a good index of the within-swarm 

density when towing was made on a small number of swarms or on swarms in 
clumps. But when more than several swarms were fished in one towing, such 

density would obviously be underestimated due to inter-swarm paucity. When 

swarms were very dense and large, hauls were made on a single swarm alone 

and so catch per towing time indexed more accurately within-swarm density. 

Figure 4 shows the chart of the net recorder when the haul was made on the 

highest density swarm in the season. The absolute density of this swarm 

was estimated as 40 g/m3 under the assumption of filtering rate equals 1.0. 
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catch per haul may not be used as an index of within-swarm density 
or concentration density. During the operation of Zuiyo Maru No. 2, catch 
was kept to 7-10 tons per haul at the maximum in order to maintain 

freshness. The captain paid great attention to maintaining this level 

through making use of the net recorder chart and adjusting towing time (or 

number of swarms fished). As shown in Figure 5 this adjustment was made 
successfully up to a certain level of catch per towing time, but above 

this, there seems to be a tendency to increase catch per haul as a failure. 

catch per day, on the other hand, seems to be a good index of 

abundance in concentration. This is because of the strategy of the fishery 
to continue to take daily catches as close to its maximum processing 

capacity. Once a vessel finds a concentration of krill suitable for more 
than several days operation, it continues 24 hours operation in order to 

maximize the daily catch. The number of hauls and towing time are 
adjusted, under constratints of desired level of catch per haul, based on 

swarm density and within-swarm density. Such processes form a kind of 
Operations Research which is not explicitly stated by the captain but is 

practised in actual operation based on his experience. 

There are, however, several problems associated in utilizing catch 

per day as an index of abundance. When catch per day reaches the maximum 
processing capacity, it may not be a sensitive index any further. Areas of 

green krill within a concentration may be avoided as well as small sized 

swarms, which obviously causes underestimation of abundance (although 
greenness or size composition seem to be properties of the concentration 

rather than swarms wihtin the concentration). The proportion of small 

sized swarms, in contrast to the fishable ones, within a concentration is 

closely connected with the swarming behaviour of krill and is not well 

known to date. 

catch per day, however, may be useful in detecting yearly changes 

in relative abundance of krill in a concentration. The area of such a 

concentration may be measured easily based on the extension of the operated 

position. Change in the formation of concentrations in geographical 

location, area and density (catch per day) as well as length composition 
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seems to be a possible means of detecting yearly changes in krill biomass 
in that area. Comparison of such an index across time and space may prove 
difficult when data from different vessels are to be used because of 

problems in standardization. 

4.3 Difficulty in Measuring Searching Time 

Searching time may be useful for estimating the density of swarms 
within a concentration or measuring abundance in a much wider area. 
Searching time is almost equivalent to the duration between the completion 
of one haul and the start of the next in low density areas, and may be 
measurable. On the other hand, searching time is very short and difficult 
to define in high density areas, where constraints are imposed mainly by 
food processing capacity. For example, in high density area H2, the vessel 

did not have to be so serious about searching any longer. While newly 
caught krill were being processed, the vessel moved around to pass time and 
detected many swarms here and there. As the time for the next towing 
approached, the vessel shot at a swarm/swarms just encountered. When no 
swarm was found in the vicinity of the vessel at that time, the vessel 
returned to the swarms previously detected and marked on the chart. In 
such a situation, searching time may be recorded as almost nil and thus be 
of no use for any index. Sometimes the captain could not resist the 

temptation to haul high density swarms the vessel just encountered and so 

had to keep the net in the water until processing of the catch from the 
previous tow was completed. 

Table 6 shows the time budget measured on board Zuiyo Maru No. 2. 
Searching time consists of primary searching effort and confirmation to 
keep in contact with previously found swarms; it was quite difficult to 
distinguish the two. 
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5. TEMPORAL CHANGES IN CATCH RATES 

5.1 Diurnal Migration of Krill and Change in Catch Rates 

Diurnal changes in the vertical distribution of krill and density 

were exhibited through the results of operation. In mid-summer (first half 

of January), under conditions of permanent daylight, krill maintained a 

fairly constant vertical distribution (Figure 6). When a period of 

darkness appeared (latter half of January), krill exhibited a diurnal 

vertical migration to surface at night. Catch per towing time tended to be 

a little higher during the half-light period after sunset. In late-summer 

(latter half of February), when the period of darkness became longer, krill 

went through a regular cycle of condensation - aggregating 

in dense swarms during the daytime and migrating to the surface after 

sunset then quickly dispersing in density and vertical distribution, which 

resulted in a big drop in catch rates by night. In March, when night time 

extended as long as seven hours, swarms dispersed so perfectly at night 

that the vessel had to spend many hours searching. 

5.2 Longer Temporal Scale Change 

Catch per towing time was not stable in each fishing area. In 

dense area H2, where operations took place for about a month, catch per 

towing time fluctuated greatly not only from day to night but also over 

longer temporal scales (Figure 7). The period of operation in area H2 is 

divided into three decades; from mid-February to end-February (period I, 

80 hauls in total), from end-February to early-March (period 11, 90 hauls 

in total) and from early-March to mid-March (period Ill, 72 hauls in 

total). Catch per towing time in period 11 was twice as high as that in 

periods I and III although there was hardly any difference in catch per day 

and catch per haul between them. Since the operation in each period was 

done almost entirely on the same concentration, the change in catch per 

towing time may reflect temporal changes in within-swarm density in the 

concentration. Nothing is known about changes in krill abundance between 

these periods. Note that this concentration did not move although icebergs 

moved with the current, usually northwestward. 



- 347 -

6. LENGTH FREQUENCY DISTRIBUTION OF KRILL 

6.1 Congruence of Length Frequency Distribution Between 

Samples from Different Parts of the Net 

Length measurements of samples from the catch were made in order to 

investigate whether the length frequency distribution of samples from one 
part of the catch can be regarded as representative. One set comprises two 

samples from the same haul each containing 150 individuals of krill, one 

sample taken from the mouth of the net and the other from the end of net. 

After the comparison, of paired samples from 30 sets of measurements, it was 

concluded that krill were well mixed in the net and sampling from one part 

of the catch might be a good representative. 

6.2 Variations in Size Compositions Between Sequential Hauls 

In areas such as area 0 (Figure A-4) where the overall length 

frequency distribution was unimodal, the size composition of catch of 

sequential hauls was constant throughout the operations (Figure 8). 
Samples of over 40 mm in length were sexed by eye and are represented as 

the shadowed part in the figure. 

In areas such as H2, where the overall length frequency 

distribution was bimodal, the proportion of large and small sizes often 

varied between sequential hauls with fairly stable modes (Figure 8). It 

may indicate, therefore, that the proportion differs swarm by swarm. Since 
swarms were many in number and their locations kept changing, the vessel 

could not select swarms which contained mainly large sizes. 

6.3 OVerall Size Composition in the 1985/86 Season 

The size composition off Wilkes Land tends to differ year to year 

in contrast, to the rather stable proportion of LL sizes in the Scotia Sea. 

This season was characterized by a bimodal length frequency distribution, 

lacking a mode at 40 mm (Figure 9). Whether this paucity of the 40 mm size 

class was due to changes in year class strength or due to water movement 

carrying these sizes away is unknown. 
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7. CONCLUSIONS 

The fishing vessels search effectively for krill concentrations 

over a wide area where experience indicates several concentrations may be 

found. Since the vessels move to, and remain in, high density areas, CPUE 

seems to be less likley to reflect annual variation in large scale krill 

abundance. Detailed information on large spatial scale from research 

vessels is also required for estimating variability in krill abundance on 

such a large scale. 

This distribution and distributional behaviour of krill shows 

significant spatial and temporal changes. High concentrations tend to 
occur in rather limited areas, based on the accumulated data of fishing 

expeditions. Thus by investigating the properties of these concentrations, 

such as spatial scales, within-swarm densities and size compositions, it 

may be possible to obtain useful information on what distributional 
parameters of krill accurately reflect the annual change in large scale 

krill abundance. 
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Table 1. Utility of krill in different feeding condition 

feeding condition 

non-feeding 

moderately feeding 

intensively feeding 
("green") 

utility 

for all processing options; 
especially fresh-frozen krill 

for all processing options; 
especially boiled-and-frozen krill 

for processing into peeled meat 
and fish meal 

Table 2. Comparison of krill qualities off Wilkes Land 
and in the Scotia Sea 

feeding condition 
shell 
body color 
texture 
by-catch 

off Wiles Land 

less "green" 
strongly built 
white 
firm 
negligible 

in the Scotia Sea 

"green" 
easy to crush 
pink 
soft and flaccid 
salps may cause problem 
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Table 3. Causes of shift of vessel in search for a new fishing area 

causes 

Good area in past: 

Return to areas previously used/found during 
season (in hope of quality improvement): 

Communication with other vessels: 

Ice condition: 

Iceberg with sea birds on it: 

Table 4. Relative frequencies of cues used 
in detecting swarms ( % ) 

cue month 
January February March 

fish finder 
sonar 
sighting 

n = 641 in total 

59 86 76 
39 14 23 
201 

frequency 

6 

4 

4 

2 

2 



Table 5. Characteristics of each fishing area 

Fishing Period Catch/day Catch/haul Catch/time Main cue for Reason for leaving By-catch 
area (tons) (tons) (tons/min.) locating area area 

F 1-4 Jan. 25 2.6 0.14 Communication Poor catch None 
with other vessels 

D 6-9 Jan. 43 4.3 0.11 Return 'to area Poor catch None 
in hope of quality 
improvement 

B 11-14 Jan. 33 3.9 0.05 Return to area Poor catch None w 
lJ1 

in hope of quality I-' 

improvement 

J 15-31 Jan. 65 5.6 0.12 Communication Drop in ratio of Fish (Paralepididae) 
with other vessels gravid females by a negligible amount 

HI 5-10 Feb. 67 5.4 0.14 Good harvesting Drop in catch Fish (Channichthyidae) 
area in past by a negligible amount 

H2 11 Feb.- 99 9.2 0.35 Good harvesting Finish of the Fish (Channichthyidae) 
14 Mar. area in past operation by a negligible amount 



Table 6. Time budget of Zuiyo Maru No.2 in 1985/86 off Wi1kes Land 

Month 
Item First Jan. Latter Jan. First Feb. Latter Feb. First Mar. 

Searching 56 % 31 40 35 35 
Towing 28 42 37 24 21 
Net handling 13 20 16 14 15 
Idling 0 0 0 15 4 
Cargo work 3 7 7 12 22 
Drifting 0 0 0 0 3 

Searching; the time between finishing one haul and starting the next, 
i,e, primary searching effort + confirmation to keep in contact 
with the swarms 

Net handling; entry to and withdrawal from water 
Idling; due to bad weather, engine kept going 
Drifting; engine stopped 

w 
lJ1 
tv 
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APPENDIX 

Cruise track and detail explanation of operation 

30 Dec.- 6 Jan. (Fig.A-1) 
Area A (30 Dec.): 

Operation started. Headed to Ehiko Maru at area F, along 6 5
0

S , 
where a good catch of "white" krill was gained in the previous 
season. 

Area B (30 Dec.): 
"Green" krill were detected and moved west. 

Area C (31 Dec.): 
"Green" Krill were detected (not abundant). Turned north­
westwards based on information that Ehiko Maru was fishing "less" 
green krill along 64S. 

Area D (31 Dec.): 
Came across harvestable concentration, but "green" krill. So left 
for area F. 

Area E (1 Jan.) : 
"Green" krill were found (not abundant). 

Area F (2 Jan.- 4 Jan.) : 
Arrived in operated area by Ehiko Maru. Catch ra~es were poor and 
krill were rather "green". Also small sized krill appeared 
around 139~ and it was thought to be predomirtant further to the 
west (based on the accumulated experience). So turn east heading 
for area H where a good yield was obtained in past. 
Area G (5 Jan.): 
On the way to Area H, less abundant area was found. 

Area H (6 Jan.): 
"Green" krill were found, so left in a hurry. Decided to return 
to harvestable area D located previously on 31 Dec. in the hope 
of quality improvement by this time. 

6-31 Jan. (Fig.A-2) 
Area D (6 - 9 Jan.): 

Dense swarms found on 31 Dec. were disappeared. "Greenness" was 
improved but catch rates were poor, so moved toward area B where 
"green" krill were detected on 30 Nov. in the hope of quality im­
pr.ovemen t. 

Area I (10-11 Jan.): 
On the way to area B, "green" and small krill were detected (not 
abundant). 

Area B (11-14 Jan.): 
Low catch rates and low percentage of gravid females with little 
improvement of "greenness". Moved to the mushroomed shaped swarms 
at 6440'S and ls440'E informed bv the cargo ship on 12 Jan. Ac-
cumulated information said that krill were scare further to the 
east except in the vicinity of Balleny Islands where krill were 
dark "green". 
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Area J (15-31 Jan.): 
A fairly good harvestable area was located to the north-west of 
the informed position of the mushroomed swarms. Ehiko Maru joined 
to Zuiyo Maru No.2 on 17 Jan. and operated together afterwards. 

31 Jan. - 1 Feb. (Fig.A-3) 
Area J (15-31 Jan.): 

Catch per haul kept on going fairly good, but toward the end of 
January the percentage of gravid females decreased, that made 
krill look "green". So left for area B again in the hope of 
quality and quantity improvement. 

Area B (31 Jan.): 0 0 

No kril1. So moved to area K( 6530' S, 15500' E) where "white" krill 
were fished in the previous season. 

Area K (31 Jan.): 
No krill. So returned to area J. 

Area J (1 Feb.): 
Not only the percentage of gravid females but also catch rates 
were low. On the other hand Ehiko Maru was fishing gravid females 
at area L, so moved to area L. 

2 Feb. - 16 Mar. (Fig.A-4) 
Area L (2 Feb.): 

The percentage of gravid females was high, but catch rates were 
extremely poor. So returned to area J. 

Area J (3 Feb.): 
There seemed to be little hope in the quality and quantity 
improvement any more in this area. And the company requested to 
take 500 tons of M-sized krill. So gave up this area where LL­
sized krill were dominant and headed for area H (near to pack ice 
edge) where L and M sized krill tend to be dominant according to 
the accumulated experience. 

Area HI (5-10 Feb.): 
M-sized krill were dominant and catches were good at first. But 
it did not last, so Zuiyo Maru No.2 had to move. 

Area M (11 Feb.): 
Catch rates were very poor, so turned south to pack ice edge 
where krill tend to be abundant. 

Area N (11 Feb.): 
Krill were abundant but "green". Also scattered ices were seen 
and it was felt dangerous for operation. So turned to the north. 

Area H2 (11 Feb.-14 Mar.): 
At last found the way into the best fishing area in that season. 
Krill were less "green" or "white", and L or M in size. Catch 
rates were so good that the processing rate reached the satura­
tion. In mid-March icing began and catch rates declined 
gradually. The production goal was almost accomplished on 14 
Mar., a very stormy day, left for the port in Chile. 

Area 0 (16 Mar.): 

Came across dense swarms around good yielding area in past. Size 
was LL. Operations for the 1985/86 season was completed after 12 
hours' fishing there. 
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SC-CAMLR-VI/BG/35 

Legendes des tableaux 

Utilite du krill dans differentes conditions alimentaires. 

comparaison de la qualite du k'rill au large de la Terre de 
Wilkes et dans la Mer de Scotia. 

Causes du deplacement des navires a la recherche d'une 
nouvelle zone de peche. 

Frequences relatives des procedes utilises pour detecter 
les bancs (%). 

Caracteristiques de chaque zone de peche. 

Utilisation du temps du zuiyo Maru N° 2 en 1985/86 au large 
de la Terre de Wilkes. 

Legendes des figures 

Repartitions des frequences de tailles des bancs peches au 
trait dans chaque zone de peche. 

Trajet de l'expedition du zuiyo Maru N° 2 pendant la saison 
1985/86. Les differents secteurs de peche sont entoures. 

Zone couverte autour de H2 au cours des operations de peche 
au krill par le Japon des saisons 1983/84 a 1986/87. 
indique la position de depart de chaque trait. 

Graphique de l'enregistreur du chalut au moment ou le banc 
le plus dense a ete peche. vingt tonnes de krill ont ete 
prises en 14 minutes de chalutage. La densite absolue a 
ete estimee a 40 g/m3. 

Prise par trait par opposition a la prise par temps de 
chalutage. Les barres verticales indiquent les ecarts 
types ±. 

Profils des variations diurnes de l'intensite moyenne de la 
lurniere, de la repartition verticale du krill, de la prise 
par trait et de la prise par temps de chalutage. La prise 
par temps de chalutage est standardisee pour signifier la 
prise moyenne par temps de chalutage durant la journee 
(06.00-18.00"h) indiquee dans la figure de droite. Les 
hachures indiquent la periode d'occurrence frequente de 
bancs de surface. 

Prise par temps de chalutage et trajets des traits au cours 
de trois periodes successives dans la zone H2. C/T = prise 
(tonnes) pour 10 minutes de chalutage; C/H = prise (tonnes) 
par trait; CiD = prise (tonnes) par jour. 
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Variations dans la composition en longueurs entre des 
traits sequentiels. La partie foncee de chaque 
histogramme represente la proportion de femelles (voir 
texte). La zone 0 est indiquee a la Figure A-4. 

Histogrammes des frequences de longueurs pendant la 
saison. La partie foncee represente la proportion de 
femelles(voir texte). 

Trajet de l' expedition (30 decembre - 6 janvier) . 

Trajet de l' expedition (6 - 31 janvier). 

Trajet de 1 'expedition (31 janvier - 1 fevrier) . 

Trajet de 1 'expedition (2 fevrier - 16 mars) • 

Encabezamientos de las Tablas 

Utilidad del krill en diferentes condiciones de 
a limen tac ion. 

comparacion de la calidad del krill aguas afuera de la 
Tierra de Wilkes y en el Mar de scotia. 

Causas del desplazamiento de 105 buques en busca de una 
nueva zona de pesca. 

Frecuencia relativa de 105 indicadores usados en la 
deteccion de cardtimenes (%). 

Caracteristicas de cada zona de pesca. 

Distribucion del tiempo del Zuiyo Maru N° 2 en 1985/86 
aguas afuera de la Tierra de Wilkes. 

Leyendas de las Figuras 

Distribucion de las frecuencias de 105 tamanos de 105 
cardtimenes remolcados en cada zona de pesca. 

Trayectoria de la expedicion del zuiyo Maru N° 2 en la 
temporada de 1985/86. Las extensiones de las zonas de 
pesca se indican con circulos. 

Area alrededor de H2 explotada por la pesqueria de krill 
japonesa desde la temporada de 1983/84 hasta la de 
1986/87. • indica la posicion de partida de cada 
remolque. 



Figura 4 

Figura 5 

Figura 6 

Figura 7 

Figura 8 

Figura 9 

Figura A-I 

Figura A-2 

Figura A-3 

Figura A-4 

Ta6Jl1Hta 1 

Ta6JHf[~a 2 

- 366 -

Carta del registrador de red cuando se pesc6 el cardumen 
m~s denso. Se capturaron veinte toneladas de krill en 14 
minutos de remolque. La densidad absoluta fue estimada en 
40 g/m3 . 

Captura por lance contra captura por tiempo de remolque. 
Las barras verticales indican las desviaciones est~ndar +. 

Perfiles de las variaciones diurnas de la intensidad de luz 
media, distribuci6n vertical del krill, captura por lance y 
captura por tiempo de remolque. La captura por tiempo de 
remolque est~ estandarizada a la captura media por tiempo 
de remolque durante las horas del dia (0600-1800 hI's), 10 
cual se present a en la figura de la derecha. El sombreado 
indica el periodo de presencia frecuente de cardllmenes 
superficiales. 

Captura por tiempo de remolque y trayectorias remolcadas en 
el transcurso de tres periodos sucesivos en el ~rea H2. 
C/T = captura (toneladas) por 10 minutos de remolque; C/H 
captura (toneladas) p~r lance; CiD = captijra (toneladas) 
por dia. 

Variaciones en la composici6n de tallas entre lances 
consecutivos. El ~rea sombreada de cada histograma 
reprcsenta la proporci6n de hembras (v~ase el texto). El 
~rea 0 se indica en la Eigura A-4. 

Histogramas de Erecuencia de tallas durante la temporada. 
El ~rea sombreada reprcsenta la proporci6n de hembras 
(v~ase el texto). 

Trayectoria de la expedici6n (30 de diciembre - 6 de cnero) . 

Trayectoria de la expedici6n (6 - 31 de enero) . 

Trayectoria de la expedici6n (31 de enero -- 1° de Eebrero) . 

'l'rayec tor ia de la expedici6n (2 de Eebrero -- 16 de marzo ) . 

B03MOZHwe cnoc06w 06pa60TKH KPHflB "Ocne pa3nH4Hwx 
peZHMoB TlHTaHHB. 

CpaBHeHHe KayeCTBelHlblX xapalo'epHcTHK KpHJla H3 

pai10Ha 3eMJIH YHJII<:ca C KpHJlelVJ Mopa CI<:OTHH. 

rIPH'{HHbl nepeMeHbl Kypca cYAlla B nOHCI<:ax HOBblX 

llpOMbICJIOBblX paHOHOB. 

OTHOCHTeJI blIaa tfaCTOTa HCIIOJI b30BaHH5I Toro HJ1H 

HHOI'O MeTOAa o6HapyzeHHB CKOIIJleHHM (B %). 



Ta6JuI4a 5 

Ta6JII14a 6 

PI1CYHOK: 1 

PI1CYHOK: 2 

PI1CYHOK: 3 

PI1CYHOK: 4 

PI1CYHOK: 5 

PI1CYHOK: 6 

PI1CYHOK: 7 

PI1CYHOK: 8 

PI1CYHOK: 9 
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,l{aHHble rro K:a)lC1:tOMY rrpOMbICJIOBOMY paHoHY. 

fpacpl1K: pa60TbI "3YHO-Mapy N22" B paHoHe 3eMJII1 
YI1JIK:ca, 1985 I 
86 1'. 

qacToTHoe pacrrpeAeJIeHl1e pa3MepOB CK:OrrJIeHI1H, 
06JIaBJII1BaBIIII1XCR B K:a)KAOM rrpOMbICJIOBOM paHoHe. 

MaplIIPYT rrJIaBaHI1R "3YHo-Mapy N22" B ce30He 1985/86 
1'. Oqep'IeHbI f'paHI14bI rrpOMbICJIOBblX Y'IaCTK:OB. 

PaHOH BOK:pyf' H2, f'Ae C ce30Ha 1983/84 1'. rro ce30H 
1986/87 1'. rrp0l13BOAI1JICR BbIJIOB K:PI1JIR RnOHCK:I1MI1 
rrpOMbICJIOBI1K:aMI1 •• YK:a3bIBaeT I1CXOAHYIO n03H4111O npl1 
K:a)KAOM TpaJIeHI1I1. 

CxeMa, rrOJIY'IeHHaR ceTC:BbIM pef'~CTpaTopoM B MOMeHT 
06JIOBa CK:OrrJIeHI1R CaMOI1 BhlCOK:OI1 rrJIOTHOCTI1. 3a 
14 MI1HYT TpaJIeHI1R 6hlJIO BblJIOBJIeHO ABaA4aTb TOHH 
K:PI1JIR. A6coJIIOTHaR rrJIOTHOCTb 6blJIa 04eHeHa B 
40 f'/ M 3. 

Kpl1BaR BeJIl1'Il1H COOTHOlIIeHI1R "YJIOB 3a 
TpaJIeHl1e"I"YJIoB 3a orrpeAeJIeHHOe BpeMR TpaJIeHI1R". 
BepTI1K:aJIbHhle JII1HI1I1 YK:a3hlBa1OT ± CTaHAapTHoe 
OTK:JIOHeHl1e. 

npOcpl1JII1 CYTO'IHhlX 113MeHeHI1H B cpeAHeH 
I1HTeHCI1BHOCTI1 CBeTa, BepTI1K:aJIbHOM pacnpeAeJIeHl111 
K:PI1JIR, BeJIl1'Il1He "YJIOB 3a TpaJIeHl1e" 11 "YJIOB 3a 
onpeAeJIeHHOe BpeMR TpaJIeHI1R". BeJIl1'Il1HbI "YJIOBa 3a 
orrpeAeJIeHHOe BpeMR TpaJIeHI1R" COOTHeceHbI co 
CpeAHI1MI1 BeJIl1'Il1HaMI1 "YJIOBa 3a onpeAeJIeHHOe BpeMR 
TpaJleHI1R B Te'IeHl1e AHR" (06.00-18.00), 'ITO 
rrOK:a3aHO Ha pI1CYHK:e cnpaBa. lliTpI1XOBK:a YK:a3hlBaeT 
Ha nepl10A BpeMeHI1, K:Of'Aa 'IaCTO BCTpe'IaJII1Cb 
rrOBepXHOCTHhle CK:OrrJIeHI1R. 

YJIOB 3a orrpeAeJIeHHOe BpeMR TpaJIeHI1R 11 MaplIIpYThl 
TpaJIeHI1R AJIR Tpex rrOCJIeAOBaTeJIbHhlX rrpOMe)KYTK:OB 
BpeMeHI1 B paHOHe H2. CIT - YJIOB (B TOHHax) 3a 
10 MI1HYT TpaJIeHI1R, CIH - YJIOB (B TOHHax) 3a 
TpaJIeHl1e, CID - YJIOB (B TOHHax) 3a AeHb. 

H3MeHeHI1R B pa3MepHOM COCTaBe Me)KAY 
nOCJIeAOBaTeJIbHhlMI1 TpaJIeHI1RMI1. 3alIITpl1XOBaHHhle 
Y'IaCTK:11 K:a)KAOH f'l1CTOf'paMMbl YK:a3bIBaIOT Ha 
OTHOCI1TeJIbHOe K:OJII1'IeCTBO oCo6ew )KeHCK:Of'O rrOJIa 
(CM. TeK:CT). PaHOH 0 nOK:a3aH Ha PI1CYHK:e A-4. 

fl1CTOf'paMMbI aCCOpTI1MeHTa AJII1H 3a ce30H. 
3alIITpl1XOBaHHhlH Y'IaCTOK: YK:a3hlBaeT Ha OTHOCI1TeJIbHOe 
K:OJII1'IeCTBO oco6eH )KeHCK:OrO rrOJIa (CM. TeK:CT). 
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PHCYHOK A-I MaprnpYT nnaBaHHR (30 AeKa6pR - 6 RHBapR). 

PHCYHOK A-2 MaprnpYT nnaBaHHR (6-31 RHBapR). 

PHCYHOK A-3 MaprnpYT nnaBaHHH (31 HHBapH - 1 ~eBpanH). 

PHCYHOK A-4 MaprnpYT nnaBaHHH (2 ~eBpanH - 16 MapTa). 
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SC-CAMLR-VI/BG/24 

AGE AND GRcwrH OF ANTARCTIC EUPHAUSIACEA (CRUSTACEA) UNDER NATURAL 
CONDITIONS* 

V. siegel1 

(Federal Republic of Germany) 

Abstract 

Five species of Antarctic euphausiid crustaceans were 
studied from the Antarctic Peninsula and the 
south-eastern Weddell Sea. Life spans range from two 
years for Euphausia frigida to six years for the krill 
Euthausia superba. Growth in length and weight was 
ca culated by non-linear regressions. No difference in 
growth of krill was observed between the Antarctic 
Peninsula area and the eastern Weddell Sea. Former 
opinions that differ are discussed. Seasonal growth was 
re-analyzed for the species Euphausia triacantha, and a 
three-year life span proposed. Male Euphausia 
cr¥stallorophias have a shorter life span than females, 
whlle their growth rate is similar. A short description 
of the life cycle and generation time of each species is 
given. In general, Antarctic euphausiids seem to 
remature and spawn at least twice and in some cases 
three times during their life, except for E. frigida 
which spawns only once. 

* published in Marine Biology 96 : 483-495 (1987) 

1. Bundesforschungsanstalt fur Fischerei, Institut fur Seefischerei; 
D-2000 Hamburg 50, Federal Republic of Germany 

Cinq especes de crustaces euphausiaces antarctiques 
provenant de la Peninsule Antarctique et du sud-est de 
la mer de Weddell ont ete etudiees. La fourchette de 
longevite est comprise entre deux ans pour Euphausia 
frigida et six ans pour le krill Euphausia superba. La 
croissance en longueur et en poids a ete calculee par 
regressions non-lineaires. Aucune difference de 
croissance du krill n'a ete observee entre la region de 
la Peninsule Antarctique et l'est de la mer de Weddell. 
certaines opinions emises precedemment et differentes 
font l'objet d'une discussion. La croissance 
saisonniere a ete reanalysee pour l'espece Euphausia 
triacantha et une longevite de trois ans a ete 
proposee. L'Euphausia crystallorophias male a une 
longevite inferieure a celle de la femelle, alors que 
leur taux de croissance est identique. Le cycle 
d'evolution et la duree d'une generation pour chaque 
espece sont brievement decrits. De fa90n generale, les 
euphausiaces antarctiques semblent arriver a maturite et 
frayer au moins deux fois et parfois trois au cours de 
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leur vie, a l'exception de E. frigida qui ne fraie 
qu'une seule fois. 

* publie dans Marine Biology 96 483-495 (1987) 

Resurnen 

Se estudiaron cinco especies de crustaceos eufausidos 
antarticos de la peninsula antartica y el Mar de Weddel 
sud-oriental. Los periodos de vida varian de dos anos 
para Euphausia frigida, a seis anos para el krill 
Euphausia superba. El crecimiento en talla y peso fue 
calculado p~r regresiones no lineales. No se observaron 
diferencias en el crecimiento del krill entre el area de 
la peninsula antartica y el Mar de Weddel oriental. Se 
discuten opiniones anteriores que difieren. Se analizo 
nuevamente el crecimiento estacional para las especies 
Euphausia triacantha y se propuso un periodo de vida de 
tres anos. El macho de la especie Euphausia 
crystallorophias tiene un periodo de vida mas corto que 
el de la hembra, mientras que su tasa de crecimiento es 
similar. Se da una breve descripcion del ciclo de vida 
y del tiempo de generacion de cada especie. En general, 
los eufausidos antarticos parecen remadurar y desovar 
p~r 10 menos dos veces y en algunos casos tres veces 
durante su vida, a excepcion de E. frigida, que desova 
solo una vez. 

* publicado en Marine Biology 96 483-495 (1987) 

Pe310Me 

M3yqanOCb nHTb BHAoB aHTapKTHqeCKHX 
paKoo6pa3Hblx-3y<!>aY3HHA AHTapKTl1qeCKoJ'O nonyocT­
pOBa H IOJ'O-BOCTOqHOi qaCTH MOpH Y3AAenna. 
npOAon~I1TenbHocTb ~113HH BapbHpyeTcH OT ABYX 
neT y Euphausia frigida AO lIIeCTI1 neT y KpHJIH 
Euphausia superba. POCT B Anl1HY H YBenHqeHHe 
Beca BblqHCnHnl1C b no HenHHeiHoi perpeCCHH. He 
6 bin 0 3aMeqeHO pa3HHL\bl B pOCTe KpHnH paioHa 
AHTapKTI1QeCKoJ'O nonyocTpoBa H KpHnH BOCTOQHOi 
QaCTI1 MOpH Y3AAenna. 06cY~AaIOTcH npeAblAYll(He -
OTnHQHble OT 3TOi TOQKH 3peHHH. SbIn 3aHOBO 
npoaHanH3HpoBaH ce30HHbli POCT AnH BHAa 
Euphausia triacantha, H CAenaHO 
npeAnono~eHHe 0 npOAon~HTenbHOCTH ~li3Hli B TPH 
rOAa. Y oc06ei MY~CKoro nona BliAa Euphausia 
crystallorophias npOAon~liTenbHOCTb ~li3Hli 
KOpOQe, QeM Y caMOK, B TO BpeMH KaK TeMn pOCTa 
nOQTH TaKoi ~e. ~aeTCH KpaTKoe onlicaHlie 
~H3HeHHOJ'0 L\I1KJla 11 BpeMeHH reHepaL\lil1 Ka~Aoro 

BliAa. B 06ll(eM npeACTaBnHeTCH, QTO 
aHTapKTI1QeCKlie 3y<!>aY3liHAW 3aHOBO C03peBalOT li 
MeQYT liKPY no KpaiHei Mepe ABa, a B HCKOTOPWX 
cnYQaHX li Tpli pa3a B TeQeHlie ~H3HH, 3a 
HCKnlOQeHHeM E. frigida, KOTopaH MeQeT liKPY 
TonbKO 0AliH pa3. 

* ony6nliKoBaHO B Marine Biology ~ 483-495 (1987) 
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SC-CAMLR-VI/BG/33 

AN ASSESSMENT OF THE MERITS OF LENGTH AND WEIGHT MEASUREMENTS OF ANTARCTIC 
KRILL EUPHAUSIA SUPERBA.* 

D.J. Morrisl, J.L. watkins1
, C. Ricketts2

, F. Buchholz3
, J. priddle1 

(United Kingdom, Federal Republic of Germany) 

Abstract 

Published relationships of various length measurements 
as predictors of wet or dry weight in Antarctic krill 
Euphausia superba Dana are standardised with new data on 
the relationships of three length measurements to wet 
and dry weight as functions of sex, maturity stage and 
moult stage. The range of coefficients and exponents 
for these relationships are examined and an example 
given to indicate the potential such variation has for 
introducing error into estimates of biomass based on 
acoustic data. An alternative approach is examined in' 
which length and additional biological data are assessed 
in terms of decreases in the residual variance of 
relationships. We have identified key sources of 
variability where relatively small increases in the 
effort of analysis result in large improvements in the 
precision of prediction. Surprisingly, the stage of the 
moult cycle of the animal has little effect upon 
length-weight relationships. The use of categories of 
sex and maturity stage, however, has marked effect upon 
the residual variance. Again surprisingly, the simple 
division of krill into male and female categories is of 
little practical use in improving the precision of any 
prediction of mass. However, the separation of gravid 
females, either from male or non-gravid female krill or, 
from adult male and other krill does result in a marked 
improvement in the precision of prediction. Example 
equations are provided. 

* In press: British Antarctic Survey Bulletin No. 79 (May 1988). 

1. British Antarctic Survey, Natural Environment Research Council, High 
Cross, Madingley Road, Cambridge CB3 OET, UK. 

2. Department of Mathematics and Statistics, Plymouth Polytechnic, Drake 
Circus, Plymouth PL4 8AA, UK. 

3. Institut fur Meereskunde an der Universitat Kiel, Dusternbrooker Weg 20, 
2300 Kiel, Federal Republic of Germany. 

Les relations publiees des differentes rnesures de 
longueur en tant qu'indicateurs du poids vert ou sec du 
krill antarctique Euphausia superba Dana sont 
standardisees avec les nouvelles donnees sur les 
relations entre trois rnesures de longueurs et le poids 
sec et vert en tant que fonctions du sexe, du stade de 
la rnaturite et du stade de la rnue. L'eventail des 
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coefficients et des exposants pour ces relations est 
examine et un exemple est donne qui permet d'indiquer le 
potentiel d'une telle variation a l'egard de 
l'incorporation de l'erreur dans les estimations de la 
biomasse basees sur les donnees acoustiques. Une autre 
approche examinee dans le document consiste a evaluer la 
longueur et des donnees biologiques supplementaires en 
fonction des diminutions de la variance residuel1e des 
relations. Nous avons identifie les sources-cles de la 
variabilite ou une intensification relativement faible 
de l'effort d'analyse aboutit a une precision de 
prediction bien superieure. Contrairement a ce qu'on 
pourrait attendre, le stade du cycle de la mue de 
l'animal a peu d'effet sur les relations 
longueur-poids. Par contre, l'utilisation de categories 
pour le sexe et le stade de maturite a un effet prononce 
sur la variance residuelle. Autre surprise : la 
division simple du krill en males et en feme lIes ne sert 
guere a ameliorer la precision de toute prediction 
portant sur la masse. Cependant, si l'on separe les 
femelles gravides, soit des males ou des femelles 
non-gravides, soit des males adultes et de l'autre 
krill, i1 en resulte une nette amelioration quant a la 
precision de la prediction. Des exemples d'equations 
sont fournis. 

* Sous presse : British Antarctic survey Bulletin No. 79 (May 1988). 

Resumen 

Las correlaciones publicadas de las distintas mediciones 
de talla como pronosticadores del peso en fresco 0 seco 
del krill antartico Euphausia superba Dana son 
estandarizadas con datos nuevos sobre las correlaciones 
de tres mediciones de talla al peso en fresco y seco 
como funciones de sexo, etapa de madurez y etapa de 
muda. Se examina el ran go de 105 coeficientes y los 
exponentes para estas correlaciones y se da un ejemplo 
para indicar el potencial que tal variacion tiene para 
introducir error en las estimaciones de la biomasa 
basadas en datos acusticos. Se examina un enfoque 
alternativo en el cual se evaluan talla y datos 
biologicos adicionales en terminos de las disminuciones 
en la varianza residual de las correlaciones. Hemos 
identificado fuentes clave de variabilidad en las que 
los aumentos relativamente pequenos en el esfuerzo de 
los analisis resultan en grandes mejoras en la precision 
de la prediccion. Sorpendentemente, la etapa del ciclo 
de muda del animal tiene poco efecto sobre las 
correlaciones de talla-peso. El uso de las categorias 
de sexo y etapa de madurez tiene, sin embargo, un 
marcado efecto sobre la variacion residual. Nuevamente 
resulta sorprendente que la simple division del kril1 en 
las categorias de macho y hembra es de poco uso practico 
en el mejoramiento de la precision de cualquier 
prediccion de masa. Sin embargo, la separacion de las 



- 373 -

hembras gravidas, ya sea del krill macho 0 del krill 
hembra no gravido 0, de los machos adultos y de otros 
krill, resulta de hecho en un marcado mejoramiento en la 
precision de la prediccion. Se proveen ejemplos de 
ecuaciones. 

* En prensa : British Antarctic Survey Bulletin No. 79 (May 1988). 

Pe310Me 

Ony6JHlKOBaHHble paHee COOTHOllleHIHI, CBH3blBalO!l{I-Ie 

pa3J1I-1'1Hble AaHHble no AJHlHe C CblPblM 1-1 CYXI-IM 

BeCOM aHTapKTI-I'IeCl<:oro KPI-IJlH Euphausia superba 
Dana, npI-IBeAeHbl B COOTBeTCTBl-le C HOBbIMI-I 

AaHHbIMI-I no B3aI-lM03aBI-ICI-IMOCTHM Tpex 1-13MepeHI-IH 

no AJHlne 1-1 Cblporo 1-1 cyxoro Beca KaK !f>YHK~HI-I OT 

nOJla, CTaAI-II-I nOJlOB03peJlOCTI-I 1-1 CTaAI-II-I JlI-IHbKI-I. 

PaCCMaTpI-IBaeTCH BeCb Al-lana30H K03qxpl-l~l-IeHTOB 1-1 

3KCI10HeHTOB AJIH 3TI-IX ypaBHeHI-IH 1-1 npI-IBOAI-ITCH 

npI-IMep, I-IJlJlIOCTPI-IPYIO!l{I-IH TO, '1TO npI-I TaKOM 

pa36poce I-IMCeTCH B03MomHOCTb B03HI-IKHOBeHI-IH 

oum6KI-I B o~eHKax 61-10MaCCbl, 110JlY'IeHHbIX Ha 
OCHOBe aKYCTI-I'IeCKI-IX AaHHhlX. Pa361-1paeTCH 

aJlbTepHaTI-IBHhlH nOAXOA, I1PI-I KOTOPOM AaHHhle 110 
AJIHHe 1-1 AOnOJlHI-ITeJlbHble 61-10JlOrl-l'leCKl-le AaHHble 

paccMatpI-IBalOTCH C TO'lKI-I 3peHI-IH YMeHbllleHI-IH 

OCTaTO'lHOH AI-IcncpcI-II-I B COOTHOlUeHI-IHX. Mbl 

BhlHBI-IJlI-I Te KJlIO'IeBhle I-IC TO 'I HI-I KI-I nOHBneHI-IH 

pa36poca, r Ae I1PI-I OTHOCI-ITeJl bHO He60n blUOM 

YBeJlI-I'lCHI-II-I YCI-IJlI-IH npI-I aHaJll-l3e MomHO 

CYIIteCTBeHHO nOBbICI-IT b TOt(HOCT b I1peACKa3aHI-IH. Ha 

YAHBJleHl-le, CTaAI-IH ~I-IKJla JlI-IHbKI-I OpraHI-I3Ma 
I-IrpaeT He3Ha'lI-lTeJlbHYIO pOJlb B COOTHOllleHl-I1-I 

"AJlI-IHa-Bec". OAHaKo I-IcnoJl b30BaHl-le KaTe rOpI-IH 

110Jla 1-1 CTcnCHH 110JlOB03peJlOCTI-I CYIIteCTBeHHO 

BJlI-IHeT Ha OCTaTO'lHYIO AI-ICl1epcl-llO. OI1HT b me, Ha 

YAI-IBJlCHl-le, npOCToe pa3AeJleHl-le KPI-IJlH Ha 
KaTerOpI-II-I oc06eH MymcKoro 1-1 meHCKoro nOJla 

npaKTl-lt(eCKH AaeT ot(eHb HCMHoro AJlH nOBblllleHI-IH 

TOt(HOCTH JlI06hlX I1peACKa3aHI-IH MaCChl. npH 3TOM 

OTAeJleHHe I-IKPHHbIX oc06eH JlI-I60 OT oc06eH 

MymcKoro nOJla 1-1 Hel-lKpHHhlX oc06eH meHCKoro nOJla 

JI 1-16 0 OT B3POCJlblX OC06CH MymcKoro 110na 1-1 

npo'lero KPI-IJlH AaeT B pe3YJlbTaTe cyIItecTBeHHoe 

no BhllUeHl-le TOt(HOCTI-I npeAcKa3aHHH. nalOTcH 
npI-IMCphl ypaBHeHI-IH. 

B nCpI-IOAI-IKC: British Antarctic Survey Bulletin No. 79 (May 
1988) . 
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SC-CAMLR-VI/BG/13 
(WG-CEMP-87/19) 

CAN WE SATISFACTORILY ESTIMATE VARIATION IN KRILL ABUNDANCE?* 

I. Everson1 

(United Kingdom) 

Abstract 

Knowledge of abundance and rates of change of abundance 
are basic requirements for fisheries models. Catch per 
unit effort (CPUE) has traditionally been used in 
demersal fisheries assessments as an estimator of 
abundance. It is less satisfactory for pelagic 
fisheries. Evidence is given that CPUE estimated from 
data reported to the Commission for the Conservation of 
Antarctic Marine Living Resources (CCAMLR) does not 
provide a realistic index of krill abundance. 

Recognising that there is a large natural year to year 
variation in hill abundance it is important that this 
be quantified and separated from fishery induced 
variation. The timescale for such information is 
discussed in the light of the needs of fishery 
management. 

* In press in : Sahrhage, D. (ed). Antarctic Ocean and Resources 
Variability. Springer. Berlin, Heidelberg, New York, 
Tokyo. 

1. British Antarctic Survey, Natural Environment Research Council, High 
Cross, Madingley Road, Cambridge CB3 OET, ilK. 

11 est essentiel de connaitre l'abondance et les taux de 
changement de l'abondance si l'on veut etablir des 
modeles d'exploitation. La prise par unite d'effort 
(PUB) a traditionnellement ete utilisee dans les 
evaluations des peches demesales en tant que parametre 
d'abondance. BIle convient moins bien aux peches 
pelagiques. 11 est demontre que la PUB estimee a partir 
de donnees declarees a la commission pour la 
conservation de la Faune et la Flore Marines de 
1 'Antarctique (CCAMLR) ne fournit pas un indice realiste 
de l'abondance du krill. 

Vu qu'il existe une grande variation interannuelle 
naturelle dans l'abondance du krill, il est important de 
la quantifier et de la distinguer des variations dues a 
la peche. Un calendrier pour l'obtention de ces 
informations est presente a la lumiere des besoins 
relatifs a l'amenagement des peches. 

* Sous presse dans : Sahrhage, D. (ed). Antarctic Ocean and Resources 
Variability. springer. Berlin, Heidelberg, Mew 
York, Tokyo. 
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Resumen 

El conocimiento de la abundancia y de las tasas de 
variacion de la abundancia son requisitos basicos para 
los modelos de pesquerias. La captura por unidad de 
esfuerzo (CPUE) ha sido usada tradicionalmente en las 
evaluaciones de pesquerias demersales como un estimador 
de la abundancia. Este indice es menos satisfactorio 
para las pesquerias pelagicas. Se presenta evidencia de 
que la CPUE estimada en base a aquellos datos 
presentados a la Comision para la COnservacion de los 
Recursos Vivos Marinos Antarticos (CCAMLR) no provee un 
indice realista de la abundancia de krill. 

Reconociendo que existe una gran variacion natural de un 
ano a otro en la abundancia de krill. es importante que 
esta variacion sea cuantificada y separada de la 
variacion inducida por la actividad pesquera. Se trata 
la escala de tiempo para dicha informacion a la luz de 
las necesidades de la administracion de las pesquerias. 

* En prensa en : sahrhage. D. (ed). Antarctic Ocean and Resources 
variability. Springer. Berlin. Heidelberq. New 
York. Tokyo. 

Pe310Me 

3HaHHe 'IHCneHHOCTM H TeMnOB M3MeHeHMH ee 
OCHOBHoe Tpe60BaHHe npH nOCTpoeHHH Mo~eneH 
npOMwcna. BenH'IHHa ynoBa Ha e~HHHqy YCHnHH 
(CPUE) Tpa~HqHoHHo Hcnonb3yeTcH KaK 
nOKa3aTen b 'IHCneHHOCTH npH npOMblCJle 
~eMepcan bHO" pW6bl. C MeH blHHM ycnexoM OHa 
npHMeHHeTCH npH nenarH'IeCKOM npoMblcne. l-{alOTcH 
~oKa3aTenbCTBa Toro, 'ITO BenH'IHHW CPUE, 
nonY'IeHHWe Ha OCHOBaHMH ~aHHWX, npe~CTaBneHHWX 

KOMHCCHH no coxpaHeHHIO MOPCKHX }l(HBWX pecypCOB 
AHTapKTHKH (AHTKOM), He ~alOT peanHCTH'IeCKOrO 
nOKa3aTenH KOnH'IeCTBa KpHnH. 

Y'IHTblBaH TO, 'ITO Me}l(rO~OBble eCTeCTBeHHble 
'H3MeHeHHH B KOnH'IeCTSe KpHnH BenHKH, B a}l(HO, 
'ITOt>bl OHH 6wnH onpeAcneHW KOnHqeCTBCHHO, H 
'IT06w 6wno npOBc~eHO pa3nH'IHe MC}l(Ay HHMH H 
H3MeHeHHHMH, BbI3BaHHbIMH npOMbICnOM. B CBeTe 
Tpc60BaHHH ynpaBneHHH npOMbICnOM 06Cy}I(~aeTCH 
rpa~HK nonY'IeHHH HH~pMaqHH TaKoro pOAa. 

* B nepHOAHKe ~: Sahrhaqe. D. (ed). Antarctic Ocean and 
Resources Variability. Springer. Berlin, 
Heidelberg. New York, Tokyo. 
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PREY MONITORING SURVEYS. A DISCUSSION OF THE CHARACTERISTICS NECESSARY IN 
PREY SURVEYS 

I. Everson 
(United Kingdom) 

Abstract 

The CCAMLR Ecosystem Monitoring Programme requires 
information on prey distribution to relate to changes in 
predator demography. The paper discusses the 
constraints imposed on such surveys and outlines some 
possible designs. 

Le Programme de controle de l'ecosysteme de la CCAMLR 
demande que les informations sur la repartition des 
proies soient relatives aux changements dans la 
demographie des predateurs. Le document examine les 
contraintes qu'imposent de telles prospections et 
indique brievement quelques types de prospect ions 
possibles. 

Resumen 

El Programa de CCAMLR de Control del Ecosistema requiere 
informacion acerca de la distribucion de las especies 
presa para relacionar con los cambios en la demografia 
de los depredadores. Este documento trata los 
constrenimientos impuestos sobre tales prospecciones y 
resena algunos disenos posibles. 

Pe3IOMe 

AHTKOMa no MOHHTopHHry 3KOCHCTeMhl nporpaMMe 
Tpe6yeTcH 
nOTpe6JIHeMblX 
H3MeHeHHHMH 
06 cY>KAaIOTCH 
CbeMKH. H 
npoBeAeHHH. 

HH~opMa~HH 0 pacnpeAeJIeHHH 
BHAOB AJIH . COOTHeceHHH ee C 

B AeMorpa~HH XH~HHKOB. B pa60Te 
OrpaHHQeHHH. HaJIaraeMhle Ha TaKHe 
onHCblBalOTCH B03MO>KHble cxeMhl HX 
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PREY MONITORING SURVEYS. A DISCUSSION OF 

THE CHARACTERISTICS NECESSARY IN PREY SURVEYS 

Inigo Everson 

British Antarctic Survey 

Natural Environment Research Council 

Madingley Road, Cambridge CB3 OET 

united Kingdom 

The CCAMLR Ecosystem Monitoring Programme (CEMP) has developed to 

the point where the implementation of monitoring of several predator 

parameters is believed to be praticable. Evaluation of the cause of 

changes in the values of these parameters is dependent on information being 

available on the availability of krill to the predators either before or 

during the monitoring period. This places an immediate constraint on the 

timing and duration of the prey monitoring studies. 

The predator parameters may also be used to help define the 

geographical limits for the prey survey. Furthermore the diving ability of 

the selected predators defines the vertical stratum covering the amount of 

prey that is available to the predators. This is not synonymous with the 

total prey available as a significant amount, perhaps even all of the prey 

may be beyond the diving range of the selected predators at certain times. 

It is important to be able to distinguish between these two characteristics 

of prey distribution. 

SURVEY CONSTRAINTS IMPOSED BY THE PREDATOR PARAMETERS 

a. Predator Parameters 

Eight penguin monitoring parameters have been identified and these 

are listed in Table 1 along with comments regarding the implied 

requirements for prey surveys. Three of the parameters (foraging trip 
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duration, chick fledging weight and chick diet) identify a restricted 

period during which an effect due to prey availability is likely to be 

recognised. 

The remaining parameters require information on the availability of 

krill in an undefined region during a poorly specified period of time which 

includes part, at least, of the winter. These parameters, adult weight on 

arrival at breeding colony, length of first incubation shift, annual trend 

in size of breeding population, demography (annual survivorship, age at 

first reproduction, cohort strength) and breeding success, are therefore 

not suitable for comparison for interpretative purposes with 

quasi-instanteous surveys of krill abundance. 

b. Survey Area 

During the chick and pup rearing periods the predators are 

restricted to a relatively small area of the ocean. Precise information on 

foraging range is not available although from a knowledge of swimming 

speed, activity budgets and foraging trip duration a reasonable estimate 

can be made of the maximum radius of the 'foraging circle' relative to the 

breeding colony. Current best estimates are as follows : 

Adelie penguin 

Chins trap Penguin 

Macaroni Penguin 
Fur Seal 

Black-browed Albatross 
(Croxall pers comm.) 

50 - 80 km (Max 100 km) 

40 - 60 km 

50 - 100 km 

approx 100 km 
approx 200 km 

Taking the predator study colonies as the centre then prey surveys 

covering a radius of 100 km from the site should provide adequate coverage 

for penguins and fur seals while a 200 km radius may cover black-browed 
albatross foraging areas. 
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c. Depth Ranges 

Fur seal and penguin diving activity patterns are concentrated 

within the range 0 to 100 metres from the surface. Albatrosses are unable 

to dive deeper than about 2 metres. These values indicate two sampling 

depth strata; further layers within these are desirable. It is also. 
desirable to sample over the full depth range of krill. 

INTEGRATED STUDY AREAS 

a. Antarctic Peninsula Region 

The area is indicated in Figure 1. The arcs of circles are of 

radius equivalent to 100 km and are centred on the study sites indicated in 
Table 1 of the report of the CCAMLR Ecosystem Monitoring Programme 1987. 

The area to the south of Anvers Island contains a lot of foul 
ground and small islands and is unsuitable for establishing a survey. This 

area could form as much as half of the area available to foraging 

predators. Since such a large proportion of the area is unsuitable for 

survey further consideration needs to be given as to whether to continue to 

include this site as a primary monitoring site. 

The sea areas close to the remalnlng sites are relatively free from 

foul ground and it would therefore be possible to undertake surveys in 

them. The timing of such surveys is constrained by the predator foraging 

periods; these are : 

Adelie penguin 

Chinstrap Penguin 

23 Nov-13 Dec (guarding) or 2 Jan (creche) 

20 Dec-13 Jan (guarding) or 21 Feb (creche) 

'Guarding' is the period when at least one adult of the pair is in 

attendance with the chicks. 'Creche' is when one or both of the adults are 
collecting food and chicks 'from the colony congregate into creches. 
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Although there is some overlap between the species the total period 
is about three months. In practical terms this is probably too long for a 

single survey, it is more likely that no more than one month is likely to 

be available. Some compromise may therefore need to be sought between the 
start of the Adelie and the end of the Chinstrap periods. A suitable 
compromise might be from 13 Dec to 13 Jan. Such a compromise would reduce 

the effectiveness of comparisons involving Chinstrap Penguin fledging 

weight. Any compromise decisions on the timing and duration of the survey 

can only be made on the advice of experts in the field of predator 

monitoring. 

b. South Georgia 

This is considered to be synonymous with B'ird Island. The key 

predators are Macaroni Penguin, Fur Seal and Black-browed Albatross. A map 
showing the limits of the study area with circles of radius 100 and 200 km 

is shown in Figure 2. Very little of the area is unsuitable for survey. 

Appropriate periods for predator monitoring are 

Macaroni Penguin 

Fur~~ 

26 Dec - 19 Jan (guard) or 1 Feb (creche) 

12 Dec to 12 Jan 

Rather than survey throughout this period a compromise of from about 20 Dec 

to 20 Jan would probably cover both species adequately. This would however 

raise the same compromise situation regarding comparison with chick weight 

at fledging. 

c. Prydz Bay 

It is not clear from the Report of the Working Group precisely 

where the predator monitoring sites are to be established. It is assumed 

that the main focus will be at Davis Station and this is indicated in 

Figure 3. 
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The main species identified for study is the Adelie penguin which 

in this region begins feeding chicks about 13 Dec, the guarding phase is 
completed by about 2 Jan and creche phase by about 21 Jan. A survey timed 

to last for a month prior to 20 Jan would permit comparison with chick 

fledging weight but be less suitable for the early chick growth period. 

SURVEY DESIGN 

The primary aim of the survey is to determine how much krill is 

available to the predators during a defined critical period and within a 

defined range of the study colony. The area of the survey may therefore be 

considered to be contained within an arc. Seen in this way the study 

colony is effectively a point location from which foraging predators will 
search radially up to a distance of about 100 km. By analogy with predator 

foraging activity, the transects could be located along radii. Such a 

situation is shown in Figure 4 for a survey of ten transects. 

It is likely that there will be some form of coastal water flow 

which could introduce systematic errors into the sampling. To overcome 

this the transects could be surveyed in pairs in a random sequence. If the 

pairs were selected so as to start at the study colony end then the time 
taken to travel between pairs would be minimised. 

Assuming a constant survey speed of 10 knots (18.5 km;hr) for the 

hours of daylight (the time when krill are likely to be absent from the 

surface layer and hence be undetected) and that surveying closer than about 

15 km to the colony is impractical, then about three transects per day 

could be surveyed. This would permit a set of 10 transects to be surveyed 

in about four days leaving the hours of darkness free for net sampling to 

determine the species composition in the zooplankton for predator dietary 

comparisons to be made. 

Concentrating the survey phase during the hours of daylight reduces 

the likelihood of large amounts of krill being present in the near surface 

layer. Much predator feeding does however take place after dark so that 
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some consideration needs to be given to krill night depth based on daytime 
surveys. On balance it is probably better to survey during the day and 

apply such a correction than to continue at night using different 
techniques. 

This survey is not suitable for Black-Browed Albatross due to the 

larger area and also because it requires estimation of krill at the 

surface. Further research on krill vertical migration may allow factors to 
be determined which convert daytime krill availability to that of surface 
availability during the day and night. 

Several such surveys could be completed within a month and also 

allow some time between surveys in which to undertake additional studies 

aimed at investigating water circulation and the krill distribution outside 
this primary survey region. 

No account has been taken of the likely effects of sea ice on the 
effectiveness of the survey. At South Georgia this is likely to be 

minimal. The South Shetland Island area is also generally free of ice 

during the December/January period. The Prydz Bay area is often congested 

with ice and this may mitigate completely against a survey of this type. 

The above is only one of the several options that could be employed 

and is primarily aimed at purely predator/prey interactions. Alternative 

designs that are as efficient for this purpose but more efficient for 

determining specific properties associated with krill are also possible. 

Before deciding on a particular survey it is essential that expert 

statistical advice is sought to refine the survey and take due 

consideration of the analyses to be undertaken on the resultant data. 

CONCLUDING COMMENTS 

The proposals outline a framewo~k that could be used to monitor 

krill abundance locally and compare it with specific predator parameters. 

The area covered by such surveys and the level of interaction is only a 

small proportion of the total Southern Ocean. The level of coverage in the 
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south Shetland Island and South Georgia regions may be adequate for a 
monitoring exercise in those regions because the shore-based sites are 

sited in areas likely to be sensitive to variation over a wider area. This 
is not definite particularly if we wish to make comparisons involving 

integrated estimates of abundance over the year. The Prdyz Bay region is 

much more poorly known and for that region it may be advisable to undertake 

a coastal monitoring survey covering several study colonies. 

Essentially, the unfortunate conclusion is that we have methods for 

monitoring prey locally but the logistics of mounting large scale surveys 
on an annual basis currently preclude direct estimation over the wider 

area. The difference between the few hundred square kilometres contained 

within the surveys described above and the 35 million square kilometres of 

the Southern Ocean is too great for simple extrapolation to apply. 
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Table 1. Consideration of predator parameters and the implied requirements 
from prey surveys 

Predator Parameter 

Adul t Ar rival 
Weight 

First incubation 
shift length 

population Size 

Demography 

Foraging trip 
duration 

Breeding success 

Chick fledging 
weight 

Chick diet 

Required Prey Survey Characteristics 

Duration and Timing 

unspecified duration 
during winter 

Unspecified duration 
early spring 

Unspecified duration 

Unspecified duration 
during year 

Approx one month 
in summer 

unspecified duration 
during year. Main survey 
in Spring and Summer 

Approx two months 
during summe r 

Approx one month 

Area 

Unknown but large 

Unknown may be large 

Unknown may be large 

Unknown but large 

Max 100 km 
from colony 

Unknown but may 
be large 

Max 100 km range 
from colony 

Max 100 km range 
from colony 
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Figure 1 Peninsula Area. The shaded areas are approximately 100 km from 
the study sites. 
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Figure 2 South Georgia Region. Circles represent 100 and 200 km from 
Bird Island. 
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5 6 

Study Colony 

Figure 4 Radial transect survey design. The outer limit of each transect 
would be 100 km from the study colony. The length of each 
transect would therefore be between 85 and 90 km. Pairs of 
transects could be surveyed in random order so as to minimise 
bias, e.g. 9+10, 5+6, 1+2, 3+4, 7+8. 
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Legende du tableau 

Consideration des parametres des predateurs et imperatifs 
implicites relatifs aux prospect ions des proies. 

Legendes des figures 

Zone de la Peninsule. Les regions hachurees se trouvent a 
environ 100 km des sites d'etude. 

Region de la Georgie du SUd. Les cercles representent 100 
et 200 km a partir de l'Ile Bird. 

Region de la Baie Prydz. (Carte reproduite d'apres ANARE 
Research Notes No. 7, reimpression mai 1985). 

Modele de prospect ion par sections transversales radiales. 
La limite exterieure de chaque transect :se trouverait a 
100 km de la colonie etudiee. La longueur de chaque 
transect serait donc de 85 a 90 km. Les paires de 
transects seraient prospectees au hasard afin de minimiser 
tout biais, par ex. 9+10, 5+6, 1+2, 3+4, 7+8. 

Encabezamientos de las Tablas 

Consideracion de los parametros de los depredadores y los 
requerimientos que sugirieron las prospecciones de las 
especies presa. 

Leyendas de las Figuras 

Area de la Peninsula. Las areas sombreadas se encuentran 
aproximadamente a 100 km de los sitios de estudio. 

Region de Georgia del Sur. Los circulos representan 100 y 
200 km desde la Isla Bird. 

Region de la Bahia Prydz. (Mapa reproducido de las Notas 
de Investigacion ANARE NO 7, reimpresas en mayo de 1985). 

Diseno de· prospecciones de secciones transversales 
radiales. El limite exterior de cada seccion transversal 
estaria a 100 km de la colonia de estudio. Por 10 tanto, 
cad a seccion transversal tendria entre 85 y 90 km de 
longitud. Podrian prospectarse pares de secciones 
transversales en orden aleatorio a fin de minimizar el 
sesgo, por ejemplo 9+10, 5+6, 1+2, 3+4, 7+8. 



PI1CYHOK 1 

PI1CYHOK 2 

PI1CYHOK 3 

PI1CYHOK 4 

- 391 -

3arOnOBKl1 K Ta6nl1uaM 

06cYJKAeHl1e rrapaMeTpOB XI1m;HI1KOB 11 BblTeKalOl.l.\l1e 113 
:3TOrO Tpe60BaHl1H K C'beMKaM rroTpe6nReMblX BI1AOB. 

AHTapKTI1QeCKl1i rrOnYOCTpOB. 3alliTpl1XOBaHHhle paiOHhl 
HaxoARTCR rrpl1MepHO B 100 KM OT 113YQaeMhlX YQaCTKOB. 

Perl10H ~Hoi feoprl1l1. OKPYJKHOCTI1 - paCCTORHl1e B 
100 11 200 KM OT OCTpOBa EepA. 

Perl10H 3anl1Ba npIDAC. (KapTa rrepeCHRTa 113 "ANARE 
Research Notes" N27, rrepel13AaHO B Mae 1985 r.) 

CxeMa C'beMKI1 rro paAl1an bHblM pa3pe3aM. BHelliHRR 
rpaHl1ya KaJKAoro pa3pe3a B 100 KM OT 113YQaeMOH 
KOnOHI1I1. TaKI1M 06pa30M, Anl1Ha KaJKAoro pa3pe3a _ 
MelKAY 85 11 90 KM. QT06bl CBeCTI1 K MI1HI1MYMY 
rrorpelliHOCTb 113MepeHI1H, C'beMKI1 rrap pa3pe30B MorYT 
rrp0l13BOAl1TbCR B rrp0l13BOnbHOM rropRAKe, Harrp., 
9+10, 5+6, 1+2, 3+4, 7+8. 
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THE UTILIZATION OF SEABIRD CENSUSES FOR KRILL MONITORING 

E.R. Marschoff, J.G. Visbeek and L.R. Fontana 
(Argentina) 

Abstract 

WG-CEMP-87/9 

The possibility of using bird observations made at sea 
as a means of monitoring krill in the Antarctic ocean is 
explored. No variation source directly linked with 
krill was identified by means of correspondence 
analysis. Contour plotting, profile analysis and tests 
for equality of covariance matrices proved capable of 
detecting changes in bird abundance and/or species 
composition, associated with three levels of krill 
abundance. 

A vector close to multi-normality was obtained, thus 
suggesting that refinements of the technique will allow 
the discrimination of krill levels by means of bird 
counts thereby providing an efficient tool for 
statistical tests of significance. The most promising 
approach seems to be the application of discriminant 
analysis. 

Further developments of the method are possible only 
with greater databases, calling for international 
cooperation on the subject. 

Est exploree la possibilite d'utiliser les observations 
sur les oiseaux faites en mer pour controler le krill 
dans l'ocean Austral. Aucune source de variation liee 
directement au kri.ll n'a ete identifiee au moyen d'une 
analyse de correspondance. Les leves de contour, les 
analyses de profil et les tests d'egalite des matrices 
de covariance se sont averes capables de detecter des 
changements dans l'abondance des oiseaux et/ou la 
composition des especes, lies a trois niveaux de 
l'abondance de krill. 

Un vecteur proche de la multi-normalite a ete obtenu, 
suggerant ainsi qu'un affinement de la technique 
permettra de distinguer les niveaux de krill par les 
denombrements d'oiseaux, ce qui fournira un outil 
efficace pour les tests statistiques de signification. 
L'approche la plus promelteuse semble etre l'application 
de l'analyse discriminante. 

La methode ne connaitra de nouveaux developpements que 
grace a des bases de donnees plus importantes, cc qui 
suppose une collaboration internationale en la matiere. 
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Resumen 

Se estudia la posibilidad de utilizar las observaciones 
de aves hechas en el mar como un medio de controlar el 
krill en el oceano antartico. No se identifico ninguna 
fuente de variacion ligada directamente con el krill por 
medic de analisis de correspondencia. El trazado de 
contornos, el analisis de perfiles y las pruebas para 
detectar la igualdad de las matrices de covarianza 
demostraron ser capaces de detectar cambios en la 
abundancia de las aves y/o composicion de las especies, 
asociados con tres niveles de abundancia de krill. 

Se obtuvo un vector cercano a la multinormalidad 10 
cual, por 10 tanto, sugiere que los refinamientos de 
esta tecnica permitira la discriminacion de los niveles 
de krill por medic de recuentos de aves, proveyendo de 
este modo una herramienta eficaz para pruebas 
estadisticas significativas. El enfoque mas promisorio 
parece ser la aplicacion del analisis discriminante. 

Los desarrollos ulteriores del metodo son solo posibles 
con mayores bancos de datos, 10 que requiere una 
cooperacion internacional en et tema. 

Pe3IOMe 

PaCCMaTpWBaeTCH B03MO~HOCTb npMMcHeHMH 
pe3YJI bTaTOB npoBeAeHHblx B Mope Ha6JlIOAeHMH 
MOPCKMX nTWQ B KaqeCTBe OAHoro W3 cpeACTB 
MOHMTopWHra KpMnH B AHTapKTMqeCKOM OKeaHe. 
AHanW3 cOBnaAeHWH He BWHBwn HWKaKMX 
HenocpeAcTBeHHO CBH3aHHblX C KpwneM MCTOqHWKOB 
OTKnOHeHwH. OKa3anOCb. qTO 0 nOMOIl{blO 
BWqepqWBaHMH KOHTypOB. npo~wnbHoro aHanM3a H 
npOBepKW paBH03HaqHOCTW KOBapMaHTHWX MaTpMQ 
MO~HO BWHBMTb M3MeHeHHH B qHCneHHOCTM nTMQ 
M/WJIM BWAOBOM COCTaBe. CBH3aHHOM C TpeMH 
ypOBHHMW qMCneHHOCTW KpMnR. 

EWJI llonyqeH BeKTOp, 
MynbTMHopManbHOMY, qTO AaeT OCHOBaHMH 
npeAnonO~MTb. qTO YCOBepmeHCTBOBaHHblfr MeTOA 
1l03BOnWT onpeAenWTb pa3nMqHWe YPOBHM 
KOJIWqeCTBa KpMnH npM nOMOIl{W nOACqeTa IlTMQ, 
qTO, TaKMM 06pa30M, HBMTCH Jl~eKTI1BHbIM 
cpeACTBOM AnH llonyqeHMH CTaTWCTWqeCKWX 
KpMTepweB 3HaqWMOCTM. Hal160Jlce 06el.l(1'lIOll(I1M 
Ka~eTCH npMMeHeHwe AMCKpHMWHaHTHoro aHanW3a. 

,nan bHC~!Illee pa3BHTwe 3Toro MeTOAa B03MO~HO 
TOJlbKO npM HanWqWW 60JIbllfl1X 6a3 AaHHbIX. qTO 
Tpe6yeT Me~AYHapoAHoro COTPYAHMqeCTBa B JlTOM 
Bonpoce. 
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THE UTILIZATION OF SEABIRD CENSUSES FOR 

KRILL MONITORING 

E. R. Marschoff, J.G. Visbeek and L.R. Fontana 

Instituto Antarctico Argentino 

Man-induced changes in the Antarctic ecosystem will first appear 

as changes in biological parameters of the species suffering the pressure 

of fisheries. It was the case with whales, seals, fishes, etc. While the 

mentioned species are more or less suitable for direct observation, at the 

present state of the art it is economically impossible to keep track of 

biological parameters of krill populations on a regional basis by means of 

direct measurements. This represents a significant shortcoming in our 

capability to provide in time the advice needed by the Commission and calls 
for indirect measures of krill population status. 

Ecosystem monitoring in the open ocean represents an important and 

difficult task. It is a necessary complement to the land-based monitoring 

programs being developed by CCAMLR members and can provide information on 

areas not reached by indicators when studied in their reproductive sites 

but crucial to ecosystem evolution and management. 

For monitoring purposes it is necessary to define a sampling unit 

where measurements can be taken regularly, which is more difficult in the 

open ocean due to the high variability of the abiotic component of the 

marine ecosystem. It is imposslble to sample the same spot under the same 

conditions in two consecutive years. 

Moreover, other parameters of value to the ecosystem are still 

less suitable for sampling : rates, variations in zooplankton abundances 

and composition, etc. calling for indirect estimators. 
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Bird observations made from ships are an inexpensive and simple 
methodology which can be performed with a minimum of training, thus 

allowing the utilization of practically any platform. Observations give 

information on factors governing distribution and abundances. The 

rationale behind the present exploratory work is that the vector composed 

by the bird counts per species will show differences associated with krill, 
either in its position measures or in other distributional properties. 

Such changes will be more efficiently detected if parametric statistics can 

be applied. 

In the Reports of previous meetings of the Working Group on 

Ecosystem Monitoring a list of interesting variables and parameters was 

identified. As well as minke whales and penguins, bird populations will 
reflect changes in abundance of krill in a given area. 

On the other hand, if changes detected are to be used by 

administrators, it is necessary to make every effort to obtain a measure of 

statistical significance associated with every statement produced. 

The present paper is the result of exploring the possibility of 

using bird observations made at sea, for the purpose of krill abundance 

monitoring. Bearing in mind the concept of the CCAMLR Working Group on 
Ecosystem Monitoring that recommends the survey of parameters and variables 

easily obtained and sensitive to changes in the actual object of the 

monitoring program, this possibility was considered worthy of being 

investigated. It is to be noted that bird observations can be carried out 

from any ship operating in the area, thus becoming an inexpensive way of 

monitoring krill abundances over great areas, least as accurate as any of 

the already proposed indicators (seals, minke whales, etc.), and not tied 

to the operations of a fishing fleet as is the case with catch per unit 

effort. 
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To this end, 72 bird observations made during FIBEX (1981) cruise 

of R/V Dr Eduardo L. Holmberg taken together with acoustic records of krill 

abundance were studied by some multivariate techniques. The main objective 

was to identify which bird species can be used as indicators of krill 
abundance and to outline the methodology of data analysis in order to 

obtain parametric exact tests for hypothesis testing. 

The same data set has been analysed by Visbeek and Fontana (1983) 

from the viewpoint of the autecology of bird species. This analysis has 

proven the sensitivity of the bird variates to slight variations in abiotic 

conditions and was based on an ANOVA approach to profile analysis developed 

by Gneisser and Greenhouse (195$) followed by planned contrasts according 

to Bonferroni. 

MATERIAL AND METHODS 

Along the January-February 1981 cruise of R/V Dr Eduardo L. 

Holmberg, realised as part of the FIBEX exercise, birds within 500 m of the 
sides of the ship were recorded in the 1Q-minute Seabird Record Cards. The 

area sampled lies between 57 and 62 degrees South and 42 and 48 degrees 

west; more details on the methods are to be found in Visbeek and Fontana 

(1983). 

From the records of a Simrad EK120 echosounder, five levels of 

krill abundance have been determined associated with each bird observation. 

It should be noted that the fifth level is several orders of magnitude 

greater than the fourth. 

The statistical methodology employed was selected in order to 

obtain : 
Graphic displays purporting dimensionality reduction, readily 

understandable in biological terms. 

Methods allowing hypothesis testing with the material at hand. 

Methods that can be used for comparison with other data sets, thus 

allowing for monitoring of different parameters. For the sake of 

clarity, the methods applied will be briefly described: 



- 398 -

Correspondence Analysis 

Descriptions of the method can be found in Lebart, Morineau and 

Fenelon (1979). 

The method is closely related to principal components; it is based 
on the eigenanalysis of the moment of inertia of the given set of points. 

Masses are allocated as total birds observed when considering the 

sighting-points in the p-space of bird species; or as the total number of 

birds of a given species when species-points in the n-space of observations 
are considered. These two representations of the set of observations are 

reduced in dimensions by considering only those eigenvectors associated 

with a high contribution to total inertia. It can be shown that the 

eigenvectors are the same and that representations in both spaces (birds 
and observations) are equivalent. This allows the representation in a 

single plot of bird and sighting points, providing good insight on the 

interrelations of species and localities of observation. 

The main output is formed by a table of eigenvalues and 

percentages of total inertia explained, and bidimensional plots of the 

points using as coordinates the projections on the directions of 

eigenvectors. 

Contour Plotting 

This method is due to Andrews (1972) and also described in 

Gnanadesikan (1977). Given a vector (x) in a p-dimensional space, a 
bidimensional representation is obtained defining a set of directions in 

the p-space and projecting the interesting points on these. Useful sets of 

directions are generated by means of the vector of parametric orthogonal 

functions : 

(1) a'(t) = (1/1"2 ),sin t, cos t, sin 2t, cos 2t, ... ) 

the parameter t is kept between pi and minus pi. 
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The projections are calculated as a linear function of t for the 

point x 
(2) Fx (t) = a'(t) • x, 

and the values of Fx(t) represented as ordinates of the abscissa (t). In 

that way, each point will be replaced by a curve, allowing for graphic 

comparisons. Those directions where differences occur can be identified 

for ulterior investigation by the values taken by a'(t). 

The representations obtained are not unique, in the sense that the 

order of the variates in the p-space determines the coefficients associated 

with each variate. Each permutation purports a strict association of 

variates and coefficients defined in (1) (each permutation might be 
considered as a different definition of space orientation), thus 

permutations provide different insights into data structure. 

At variance with discriminant analysis this method is not aimed to 

obtain a direction where differences between treatments are maximal, but to 

obtain a picture of the directions where the differences occur. 

Two applications of the method will be developed in the sequel 

1. Quantile contour plotting: 

On each of the directions generated by (1), F(t) functions are 

calculated for the 72 observations according to (2). These 72 values 
are ordered and First Decile (D1), First Quartile (Q1), Median (M), 

Third Quartile (Q3) and Ninth Decile (D9) evaluated. Then quantiles 

are plotted against t values and the ratios : (D1-M)/(Q1-M) and 

(D3-M)/(Q3-M) calculated and listed. The plot will give information on 
the presence of multimodality and highly correlated variates, while the 

ratios should be approximately equal to 1.9 if joint normality of the 

variates is assumed. 

It is to be noted that quantile contour plotting is not a formal 

test for multinormality, but will give an idea of the distributional· 

properties of data, which is sufficient with the data set at hand. 
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2. Function contour plotting: 

Taking the centroids of different treatments and treatment levels 

as the points in p-space to be analysed, function contour plotting as 

described above provides a method of classification which permits 

clustering (provided number of points is kept low). At variance with 
conventional clustering methods based in the definition of 

ultrametrics, it allows the inclusion or not of a point in some of the 

clusters formed as well as identifying directions that result in 

similarities or differences in the plot. Furthermore, as a consequence 

of the selection of orthogonal functions as components of vector a'. 
11; 

3. As _! [fi(t)-fj(t) 1~2 dt 

is proportional to the euclidean distance defined between points xi and 

xj, closeness of the curves might be considered as closeness in the 
original p-space. 

Comparison of Covariance Matrices 

A Chi-square statistic is constructed as an extension of 

Bartlett's test (Morrison, 1977), to provide an exact test of the null 

hypothesis of equality of several covariance matrices. The statistic is 
also highly sensitive to non-normally distributed variables and not defined 

if one or more of the matrices is singular, thus precluding the inclusion 

of variates not observed in one of the data subsets. 

Profile Analysis 

Given a set of groups of p-dimensional data, with non-singular 

covariance matrices (not necessarily equal), we can define the profile of 

one of the groups as the values of the mean vector of the group. This 

technique, fully detailed in Morrison (1977), allows the construction of a 

test for the profile parallelism hypothesis and tests for group mean level 

and variate levels, the last two only if the first test resulted 

non-significant. 
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Fortran source programs for correspondence analysis are those 

published in Lebart, Morineau, Fenelon (1979). Other methods were run 

utilizing Fortran programs developed by authors on IBM PC-XT 640K. 

RESULTS AND DISCUSSION 

Bird sightings have been used by fishermen and sailors as 

indicators of fishing targets and geographical features for many years. 

OUr goal should be to translate this fact into a mathematically tractable 

form, defining a model to be applied in hypothesis testing. Results given 
by each of the methods used will be discussed prior to general evaluation 

of results. 

Correspondence Analysis 

Table I. presents the percentage of inertia associated with each 

of the eigenvalues obtained considering all variates and krill related 

variates (as per literature information) alone. 

Data dimensionality can be sensibly reduced applying this method, 

but neither of the new coordinate axes obtained can be attached to the 

variables of our interest (figs. 1-4). This approach might prove to be 
significant to the biology of avian communities, but to our present purpose 

they show that krill influence is at least correlated with other factors. 

Thus a methodology allowing for specific representation of interesting 

directions in the space defined by the bird variates is necessary. 

Contour Plotting 

Figs. 5-9 show the application of the method to raw and 

log-transformed data, with and without considering the Pygoscelis spp. 

variate. From the comparison it results that log transformed data are more 

stable, both representations showing not only the differences between 

treatments, but also the fact that without penguins their discrimination is 

still possible. 
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From Figure 5 and other permutations of variates (random, 

according to food regime and abundances) several directions where 
treatments show differences have been identified. The next step was the 

identification of the coefficients associated to each variate in these 

directions. The analysis showed clearly the influence of Pygoscelis spp., 

Pagodroma nivea and Pachyptila spp. in treatment discrimination. Results 

were not so clear for Daption capense. 

Krill treatments resulted in different curves that can be grouped: 
1) Sightings where krill was highly abundant 

2) Sightings where krill was abundant 

3) Sightings where krill was scarce or absent. 

In the sequel, only these three levels will be considered. Figs. 

8 and 9 present the results obtained applying the method to the species 

considered as possible krill feeders with and without penguins. 

Contour plotting in the space defined by indicators identified 

here was not attempted because the same set of data provided the selection 

of species and the representation. 

Profile Analysis 

Due to the fact that under the assumptions of this method all 

groups to be compared must possess a non-singular covariance matrix, we 
were restricted to the use of following species (present under all krill 

levels) : 
Diomedea exulans + D.epomophora, Daption capense, pagodroma nivea, 

Pachyptila spp. and Oceanites oceanicus. 

Results of the test were significant at the .01 level, thus 

indicating that the species considered react differentially to the presence 

of krill. A simple inspection of the profiles shown in Figure 10 indicates 

that it is Pagodroma nivea and to a lesser extent pachyptila spp. that can 

be used as krill indicators. 
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Equality of Covariance Matrices 

In all cases tested and with the transformations (raw data, square 

root and log) used, covariance matrices were significantly different. It 

is impossible to decide with the evidence at hand, whether this result is 

due to an inequality of covariances or to non-normality of data. Anyhow 

any of the origins of the significant difference will lead to a useful 

insight: if it is non-normality, data can be transformed in order to get a 

rnultinormal set of variates thus allowing for a highly efficient test of 

hypothesis. If the matrices are essentially different, this inequality can 

be used to detect variations in krill abundance and comparisons from year 

to year. Contour plotting of the position measures for treatments 1 and 2, 

(log transformed data) shown in Figures 12 and 13, as well as their 

quotients, strongly suggest the possibility of obtaining a normalized 

variable by means of the log transformation or a related one. These plots 

also show that if non-normality actually exists it is not very great. 
Further work should be devoted to this approach. 

Based on the above results, we can now develop a line of 

analysis 

I. From the correspondence analysis of the whole set of data, no major 

axis can be extracted with a high correlation with krill abundance. 

This means that the general linear model (purporting a regression) 

will be of little use until a set of interesting contrasts is defined. 

Krill appears always correlated with other factors, thus calling for a 

line of analysis enabling the selection of specifically interesting 
directions. 

11. Contour plotting is strictly descriptive in nature, no significance 

can be attached to the graphics obtained, but they showed that the 

method is sensible to krill presence, that penguins are not essential 

for discrimination, but only three levels of abundance were detected. 

It must be noted that the plots are scaled to make full use of a 130 

spaces printer, so curves coming from different plots should be 

compared with caution after rescaling the drawings. 
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plots made on 3 or 5 krill levels identified the species responsible 

for the discrimination between treatments. These species might be 

considered as sensitive to krill presence, but not considered as good 

indicators until further validation is done. 

Ill. A vector was constructed with all species present at different krill 
levels and latitudes. This restriction is needed if non-singular 

covariance matrices are to be obtained in each treatment level. 

Covariances at three different krill levels and four latitudes were 

found to be significantly different. Significant results might be the 

outcome of a non-normally distributed variable, or of differences in 

covariance matrices. In either case, a multivariate general linear 

model cannot be fitted if probability levels are to be used outside 

the present body of data. 

IV. with the same subsets defined for krill and latitude treatments in 

Ill, profile analysis was performed. Significant results prove that 

species do not react homogenously to changes in latitude or krill 
abundance. Direct inspection of profiles showed that Pagodroma nivea 

and pachyptila spp. are the variates responsible for the non 

parallelism of profile of the third treatment. 

V. A vector of variates supposed to be sensitive is constructed and 

analysed with the same methods with the following summary of results 

No krill regression on species is worth trying (correspondence 

analysis). 

Highly different contours resulted. 

Significantly different covariance matrices have been found as 

well as profiles resulted non-parallel. 

VI. Quantile Contour Plotting was performed on the vector of sensitive 

variates showing minor deviations from normality. 
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This result strongly suggests the possibility that covariance matrices 

comparison results are rather due to actual differences in covariances 

and not to the lack of joint normality. This leaves open the 

possibility of finding a set of treatments that leaves multinormally 

distributed residuals. In that case a conservative degree of freedom 

ANOVA, as developed by Geissen and Greenhouse (1958) and described in 

Morrison (1977) and Winer (1971), can be applied. This will give a 
powerful tool for monitoring by means of the formulation of adequate 

contrasts, and eventually to obtain regression curves. No such method 

is attempted here, because of the fact that directions to be tested 

are defined from the same set of data. 

CONCLUSIONS 

1. The present analysis has been developed mainly on a Fibex data set 

restricted to the summer 1981 north of South Orkneys Islands. Its 

results cannot be extrapolated to other areas and years, until the 

analysis is validated by subjecting other data sets where krill and 

birds have been registered simultaneously, to the same or refined 

statistical techniques. Moreover, the exploratory work performed does 

not preclude the application of other methodologies not used 

(discriminant analysis, canonical correlation, non-parametric 

statistics, etc.). 

2. A set of sensitive bird species has been identified. This set would 

allow either : 

a) detection of krill concentrations by means of classical 

discriminant analysis. This will be possible if normality 

analysis and comparisons with other data sets allow for the 
restrictions of the method (mainly normality) and the analysis 

made under different well-identified conditions; 

b) detection of krill concentrations by means of univariate ANOVA 

under the conservative degrees of freedom formulation; 
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c) detection of krill concentrations by associating to its presence a 

certain covariance structure. Thus intensive cruising of a 

certain region will provide a data set to be compared with those 

where krill has been independently evaluated. Comparisons can be 

tested by means of covariance matrices comparisons or profile 

analysis. 

3. If the univariate approach is tenable, the possibility of constructing 

a regression line of krill abundance on the bird variates should be 
considered and carefully tested. Such an approach will directly yield 

an estimation of krill abundance from bird sightings under different 

affecting factors. 

4. A monitoring minimum approach can be outlined 

i) To identify areas where bird observations (with or without 

simultaneous krill evaluations) are carried out by ships not 
necessarily committed to research; 

ii) to decide the methodology to be used for krill detection by means 

of bird sightings (parametric statistics, covariance matrices 

comparison, profile analysis or non-parametric tests); 

iii) weights should be allocated providing a compensation for the 

total Record Cards obtained by a given cruise in the area; 

iv) numbers of bird cards indicative of krill presence can be taken 

as a measure of krill abundance in the area considered. 

5. Due to the amount of information necessary, this monitoring 

development can be fruitfully envisaged only under a cooperative 

international basis, allowing the use of BIOMASS and CCAMLR data 

bases, which will provide the background for the simultaneous analysis 

of other factors not included in the present paper because of the 

insufficient number of observations (e.g. time, depth of krill 

patches, latitude, meteorological conditions, etc.). 
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Table 1. Eigenvalues obtained from correspondence analysis 

Krill related variates All variates 

EIGENVALUE PERCENT. ACCUMUL EIGENVALUE PERCENT . ACCUMUL 

2 . 72307 35.14 35.14 .71822 28.75 28.75 
3 .61801 30.03 65.18 .56255 22.52 51.27 
4 .48580 23.61 88.79 .46305 18.54 69.81 
5 .17237 8.38 97.16 .30425 12.18 81.99 
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Contour plot of the centroids of three krill levels in the space 
defined by all sensitive variates in decreasing order. Log 
transformed data. 
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f ________________________________________________________ _ 

Hacr DeAP PNYV Pach DOCE 

Figure 10 profiles of the means of three levels of krill abundance. Log 
transformed data. (+ = scarce or absent, * = present or 
abundant, # = highly abundant). 



Figure 11 Quantile contour plot 
(scarce or no krill). 
(*), 3rd Quartile (A) 
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. I 

. . 

for the position measures of treatment 1 
1st Decile (.), 1st Quartile (-), Median 

and 9th Decile (,). Log transformed. 
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Figure 12 Quantile Contour plot for the position measures of treatment 2 
(present or abundant krill). 1st Decile (.), 1st Quartile (-), 
Median (*), 3rd Quartile (~) and 9th Decile (,). Log 
transformed. 



Tableau 1 

Figure 1 

Figure 2 

Figure 3 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

Figure 8 

Figure 9 
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WG-CEMP-87/9 

Legende du tableau 

Valeurs propres obtenues a partir de l'analyse de 
correspondance. 

Legendes des figures 

Analyse de correspondance des variantes liees au krill. 
Projection sur l'axe 1 (horizontal) et 2 (vertical). Les 
stations ou le krill etait fort abondant sont representees 
par KKKK ou *KKK si les stations sans krill ont les memes 
coordonnees. Les points marques d'un ! ne sont pas 
rapportes a l'echelle. Pachyptila spp = Pach; Pygoscelis 
spp = Pygs; oceanites oceanicus = OOCE; Pagodroma 
nivea = PNYV; Fulmarus glacialoides = FGLA; Daption 
capense = DCAP; Macronectes spp = Macr; Diomedea 
exulans ± Diomedea epomophora = Derr; Diomedea 
melanophris = DMEL; Phoebetria palpebrata = PPAL. 

Analyse de correspondance des variantes lieesau krill. 
Projection sur l'axe 2 (horizontal) et 3 (vertical). Pour 
la legende, voir la Figure 1. 

Analyse de correspondance de toutes les variantes. 
Projection sur l'axe 1 (horizontal) et 2 (vertical). Pour 
la legende, voir la Figure 1. 

Analyse de correspondance de toutes les variantes. 
Projection sur l'axe 2 (horizontal) et 3 (vertical). Pour 
la legende, voir la Figure 1. 

Trace de contour des centroides de cinq niveaux de krill 
dans l'espace defini par les 10 variantes dans un ordre 
decroissant. Donnees brutes. 

Trace de contour des centroides de cinq niveaux de krill 
dans l'espace defini par toutes les variantes sauf 
pygoscelis spp. dans un ordre decroissant. Donnees brutes. 

Trace de contour des centroides de cinq niveaux de krill 
dans l'espace defini par les variantes sensibles (obtenues 
a partir des donnees de documentation) dans un ordre 
decroissant. Donnees brutes. 

Trace de contour des centroides de trois niveaux de krill 
dans l'espace defini par toutes les donnees sensibles dans 
un ordre decroissant. Donnees transformees a 
l'introduction. 

Trace de contour des centroides de trois niveaux de krill 
dans l'espace defini par toutes les variantes sensibles 
sauf Pygoscelis spp. dans un ordre decroissant. Donnees 
transformees a l'introduction. 



Figure 10 

Figure 11 

Figure 12 

Tabla 1 

Figura 1 

Figura 2 

Figura 3 

Figura 4 

Figura 5 

Figura 6 
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Profils des moyennes de trois niveaux de l'abondance du 
krill. Donnees transformees a l'introduction. (+ = rare ou 
absent, * = present ou abondant, # = tres abondant). 

Trace de contour du quantile pour les mesures de position 
du traitement 1 (krill rare ou absent). ler decile (.), 
ler quartile (-), mediane (*), 3eme quartile (A) et geme 
decile (,). Transforme a l'introduction. 

Trace de contour du quantile pour les mesures de position 
du traitement 2 (krill present ou abondant). ler decile 
(.), ler quartile (-), mediane (*), 3eme quartile (A) et 
geme decile (,). Transforme a l'introduction. 

Encabezamiento de la Tabla 

Autovalores obtenidos del analisis de correspondencia. 

Leyendas de las Figuras 

Analisis de correspondencia de las variables relacionadas 
con el krill. Proyeccion sobre los ejes 1 (horizontal) y 
2 (vertical). Las estaciones en las cuales el krill fue 
sumamente abundante se representan p~r KKKK, 0 por *KKK, si 
las estaciones sin krill tienen las mismas coordenadas. 
Los puntos marcados con ! estan fuera de escala. Especies 
Pachyptila = Pach; especies Pygoscelis = Pygs; Oceanites 
oceanicus = OOCE; Pagodroma nivea = PNYV; Fulmarus 
glacialoides = FGLA; Daption capense = DCAP; especies 
Macronectes = Macr; Diomedea exulans ± Diomedea 
epomophora Derr; Diomedea melanophris = DMEL; Phoebetria 
palpebrata = PPAL. 

Analisis de correspondencia de las variables relacionadas 
con el krill. Proyeccion sobre los ejes 2 (horizontal) y 
3 (vertical). Los encabezamientos son iguales a los de la 
Figura 1. 

Analisis de correspondencia de todas las variables. 
Proyeccion sobre los ejes 1 (horizontal) y 2 (vertical). 
Los encabezamientos son iguales a los de la Figura 1. 

Analisis de correspondencia de todas las variables. 
proyeccion sobre los ejes 2 (horizontal) y 3 (vertical). 
Los encabezamientos son iguales a los de la Figura 1. 

Trazado de contorno de los centroides de cinco niveles de 
krill en el espacio definido por las 10 variables en orden 
decreciente. Datos en bruto. 

Trazado de contorno de los centroides de cinco niveles de 
krill en el espacio definido p~r todas las variables, 
excepto las especies Pygoscelis en orden decreciente. 
Datos en bruto. 



Figura 7 

Figura 8 

Figura 9 

Figura 10 

Figura 11 

Figura 12 
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Trazado de contorno de los centroides de cinco niveles de 
krill en el espacio definido, por las variables sensibles 
(en base a datos obtenidos de la documentacion) en orden 
decreciente. Datos en bruto. 

Trazado de contorno de los centroides de tres niveles de 
krill en el espacio definido por todas las variables 
sensibles en orden decreciente. Datos transformados a 
logari tmos. 

Trazado de contorno de los centroides de tres niveles de 
krill en el espacio definido por todas las variables 
sensibles, excepto las especies Pygoscelis en orden 
decreciente. Datos transformados a logaritmos. 

Perfiles de los valores medios de tres niveles de 
abundancia de krill. Datos transformados a logaritmos. 
(+ = escaso 0 ausente, * = presente 0 abundante, 
# = muy abundante). 

Trazado Cuantil de Contorno para las medidas de la posicion 
del tratamiento 1 (krill escaso 0 ausente). ler D~cil (.), 
ler Cuartil (-), Mediana (*), 3er Cuartil (~) y 
90 D~cil (,). Transformados a logaritmos. 

Trazado Cuantil de Contorno para las medidas de la posicion 
del tratamiento 2 (krill presente 0 abundante). 
ler D~cil (.), ler Cuartil (-), Mediana (*), 
3er Cuartil (A) y 90 D~cil (,). Transformados a 
logaritmos. 

3aronOBOK K Ta6nJilue 

Co6CTBeHHwe 3HaqeHJilR, nonyqeHHWe npJiI aHanJil3e 

cOBnaAeHJili1. 

AHanJil3 COBnaAeHJili1 nepeMeHHbIx. OTHOCRlI\JilXCR K 

KpJilnro. npOeK~JiIJiI Ha OCJiI 1(ropJil30HTanbHYro) JiI 

2(BepTJilKanbHYIO). CTaH~JilJiI, BO BpeMR BbmOnHeHJilR 

KOTOPbIX KOnJilqeCTBO KpJilnR 5bInO OqeH b BenJilKO, 

OTMeqeHW CJilMBOnOM KKKK JilnJil *KKK - ecnJil y CTaH~Jili1 
5e3 KpJilnR Te me caMble KOOPAJilHaTbI. TOqKJiI, 

nOMeqeHHbIe "!", BbIXOART 3a npeAeJIbl MaCIIITa5a. 
Pach - BJilAbI Pachyptila, Pygs - BJilAW Pygoscelis; 
ooeE - Oceanites oceanicus, PNYV - Pagodroma nivea, FGLA -
Fulmarus glacialoides, DCAP - Daption capense, Macr -
B JilAbI Macronectes, Derr - Diomedea exulans ±. Diomedea 
epomophora, DMEL - Diomedea melanophris, PPAL - Phoebetria 
palpebrata. 
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AHanl13 cOBnaAeHI1A nepeMeHHhlX, OTHOCR~I1XCR K 
Kpl1n~. npoeK41111 Ha OCI1 2(rOpI130HTanbHY~) 11 
3(BepTI1KanbHY~). YcnOBHble 0603HatfeHI1R - KaK 11 Ha 
PI1CYHKe 1. 

AHanl13 COBnaAeHI1A Bcex nepeMeHHhlx. npoeK41111 Ha 
OCI1 1 (rOpI130HTanbHY~) IiI 2 (BepTI1Kan bHY~). YCJIOBHble 
0603HatfeHI1R - KaK 11 Ha Pl1cYHKe 1. 

AHanl13 COBnaAeHI1A Bcex nepeMeHHhlx. npoeK41111 Ha 
OCI1 2(rOpI130HTanbHY~) IiI 3(BepTI1KanbHY~). YcnOBHble 
0603HatfeHI1R - KaK 11 Ha Pl1cYHKe 1. 

KOHTYPHoe nOCTpOeHl1e 4eHTpol1A nRTI1YPOBHeA 
KOnl1tfeCTBa KpI1nR B npocTpaHcTBe, onpeAeneHHoM 
10-~ nepeMeHHbIMI1 B nOp5lAKe y6bIBaHI1R. 
Heo6pa6oTaHHhle AaHHhle. 

KOHTYPHoe nOCTpOeHl1e 4eHTP0l1A nRTI1 YPOBHeA 
KOnl1tfeCTBa KpI1nR B npocTpaHcTBe, onpeAeneHHoM 
BCeMI1 nepeMeHHbIMI1, KpoMe BI1AOB Pygoscelis, B 
nopRAKe y6hlBaHI1R. He06pa6oTaHHhle AaHHhle. 

KOHTYPHoe nOCTpOeHl1e 4eHTP0l1A nRTI1 YPoBHeA 
KOnl1tfeCTBa Kpl1nR B npocTpaHcTBe, onpeAeneHHoM 
tfYBcTBI1TenbHbIMI1 (no ony6nl1KOBaHHbIM AaHHbIM) 
nepeMeHHbIMI1 B nopHAKe y6bIBaHI1H. Heo6pa60TaHHble 
AaHHble. 

KOHTYPHoe nOCTpOeHl1e 4eHTpol1A Tpex YPoBHeA 
KOnl1tfeCTBa Kpl1nH B npocTpaHcTBe, onpeAeneHHoM 
BCeMI1 tfYBcTBI1TenbHbIMI1 nepeMeHHbIMI1 B nopHAKe 
y6hlBaHI1H. ~aHHhle, npe06pa30BaHHhle 
nOrapl1~Ml1pOBaHl1eM. 

KOHTYPHoe nOCTpOeHl1e 4eHTP0l1A Tpex YPoBHeA 
KOnl1tfeCTBa Kpl1nH B npocTpaHcTBe, onpeAeneHHoM 
BCeMI1 tfYBcTBI1TenbHbIMI1 nepeMeHHbIMI1, KpoMe BI1AOB 
Pygoscelis, B nopHAKe y6bIBaHI1H. ~aHHble, 
npeo6pa30BaHHble no rapl1~Ml1pOBaHl1eM. 

npO~l1nl1 cpeAHl1x Benl1tfl1H Tpex YPOBHeA KOnl1tfeCTBa 
Kpl1nR. ~aHHble, npe06pa30BaHHble nOrapl1~Ml1pOBaHl1eM. 
(+ - peAKo BCTpetfaeTCR I1nl1 OTCYTcTByeT, * -
I1MeeTCR I1nl1 I1MeeTCR B 1iI30611nl1l1, # - OtfeHb 
6onbllioe KOnl1tfeCTBo). 

KBaHTl1nbHOe nOCTpOeHl1e KOHTypOB n03114110HHhlX 
113MepeHI1A cI1Tya41111 1 (peAKo BCTpetfa~I1AcH I1nl1 
OTCYTCTBY~I1A Kpl1nb). I-A Ae4Hnb (.), I-A 
KBapTl1nb (-), MeAl1aHHOe 3HatfeHI1e (*), 3-A 
KBapTl1nb (A) 11 9-A Ae411nb (,). ~aHHhle, 
npeo6pa30B aHHble nOrapl1~Ml1pOB aHl1eM. 



PHCYHOK 12 
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KBBHTHRbHoe nOCTpoeHHe KOHTYPOB n03HQHOHHWX 
H3MepeHHM CHTYBQHH 2 CHMe~HMcH HRH HMe~HMcH B 
H306HRHH KpHRb). I-M AeQHRb C.), I-M KBBPTHRb 
C-), MeAHBHHoe 3HBqeHHe C*), 3-M KBBPTHRb CA) H 
9-M AeQHRb C,). ABHHWe, npe06pB30BBHHWe 
ROrBpH~MHpOBBHHeM. 
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SURVEY OF ANTARCTIC FUR SEALS IN THE SOUTH SHETLAND ISLANDS, ANTARCTICA, 
DURING THE 1986/87 AUSTRAL SUMMER 

J.L. 8engtson, L.M. Ferm, T.J. Harkonen, E.G. Schaner, 8.S. Stewart 
(USA, Sweden) 

Abstract 

A survey of Antarctic fur seals in the South Shetland 
Islands, Antarctica, during the 1986/87 austral summer 
indicated that this species is continuing its population 
recovery and recolonization of rookery sites following 
19th Century commercial exploitation. Twelve fur seal 
pupping sites were identified, some of which had not 
previously been reported. The largest pupping sites are 
at Telmo Island and Cape Shirreff, on the north coast of 
Livingston Island. Total fur seal pup production in the 
South Shetland Islands in 1986/87 is estimated to be 
approximately 4000 individuals. Notes on other pinniped 
species observed during the survey are presented. The 
optimal sites for combined fur seal and penguin 
monitoring activites, as part of the CCAMLR Ecosystem 
Monitoring Program, are recommended as Seal Island, 
Elephant Island; Stigant Point, King George Island; and 
Cape Shirreff/Telmo Island, Livingston Island. 

Une prospect ion des otaries antarctiques dans les lIes 
Shetland du Sud, Antarctique, au cours de l'ete austral 
1986/87 a indique que le repeuplement de cette espece se 
poursuit et que ses colonies se developpent a nouveau 
apres l'exploitation commerciale dont elle a fait 
l'objet au cours du 1geme siecle. Douze sites de 
parturition ont ete identifies, dont certains n'avaient 
pas ete signales auparavant. Les plus grands sites de 
parturition se trouvent a l'lle Telmo et au Cap 
Shirreff, sur la cote nord de l'lle Livingston. La 
production totale d'otaries nouveau-nees dans les lIes 
Shetland du Sud en 1986/87 est estimee a environ 4000 
individus. Des notes sur d'autres especes de pinnipedes 
observees au cours de la prospect ion sont presentees. 
Les sites optimums suivants sont recommandes pour des 
activites de controle combinees portant sur les otaries 
et les manchots, dans le cadre du Programme de controle 
de l'ecosysteme de la CCAMLR: l'lle des Phoques, lIe 
Elephant; Stigant Point, lIe du Roi George; et le Cap 
Shireff et l'lle Telmo, lIe Livingston. 
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Resurnen 

Una prospeccion de las focas peleteras antarticas en las 
Islas Shetland del Sur, Antartida, durante el verano 
austral de 1986/87 indico que esta especie esta 
continuando la recuperacion de supoblacion y la 
recolonizacion de los sitios de anidarniento luego de la 
explotacion cornercial del siglo 19. Se identificaron 
doce sitios de cria de focas peleteras, algunos de los 
cuales no habian sido inforrnados previarnente. Los 
rnayores sitios de cria se encuentran en la isla Telrno y 
en el Cabo Shirreff, en la costa norte de la isla 
Livingston. La produccion total de cachorros de foca 
peletera en las Islas Shetland del Sur en 1986/87 se 
estirna en aproxirnadarnente 4000 individuos. Se presentan 
notas acerca de otras especies de pinipedos observadas 
durante la prospeccion. Los sitios optirnos recornendados 
para las actividades cornbinadas de control de focas 
peleteras y pringuinos, corno parte del Prograrna de 
CCAMLR de Control del Ecosisterna, son la isla Seal, la 
isla Elephant; stigant Point, la isla King George·y el 
Cabo Shirreff/Isla Telrno, isla Livingston. 

Pe310Me 

CbeMKa IO)KHblX MOPCKl1X KOTl1KOB B paHoHe iO>KHblX 
rneTnaH~CKl1X OCTPOBOB, AHTapKTl1Ka, B TeqeHl1e 
aBcTpanbHoro neTa 1986/87 r. nOKa3ana, qTO 
nonYJIH/.{l1l1 :llTOrO Bl1~a npO~On)KaIOT 

BOCCTaHaBnl1BaT bCH 11 BHOB b 3aHl1MaT b CTapble 
3ane)KKl1 - nocne KOMMepqeCKOH :llKCnJlyaTa/.{l1l1 Bl1~a 
B XIX BeKe. EbInO 3apel'l1CTpl1pOBaHO ABeHa~/.{aT b 
m;eHHblx 3ane)KeK; 0 HeKOTopblX 113 Hl1X paHee He 
co06m;anoc b. KpYllHeHume m;eHHble 3ane)KKl1 
HaXO~HTCH Ha OCTpOBe TenMo 11 Mblce rnl1peqxp, 
ceBepHblH 6epel' oCTpoBa Jll1Bl1HI'CTOH. 06m;ee 
KOnl1qeCTBO nOHBl1Bllil1XCH Ha CBeT m;eHKOB MOPCKOI'O 
KOTl1Ka Ha iO>KHblX rneTJlaH~CKl1X OCTpOBax B 
1986/87 1'. o/.{eHI1BaeTCH npl16nl13I1TenbHo B 4000 
oc06eH. TaK)Ke npe~CTaBneHhl 3aMeTKl1 0 APYI'l1X 

Bl1~aX naCTOHOI'l1X, Ha6nlO~aB[[/l1XCH BO BpeMH 
npOBe~eHl1H CbeMKl1. B KaqeCTBe OnTI1Man bHblX 
yqaCTKOB ~nH npOBe~eHl1H KOMnneKCHOI'O 
MOHl1TOpl1Hra MOPCKl1X KOTl1KOB 11 nl1HrBl1HOB B 
paMKax nporpaMMbl AHTKOMa no MOHl1TOpI1Hry 

:llKOCl1CTeMbl peKoMeH~YIOTcH: OCTPOB Cl1n - OCTPOB 
3necf:>aHT, MblC C.Tl1raHT OCTPOB Kl1Hr-ll)Kop~)K 11 

MblC rnl1peqxp/OCTpOB TenMo - OCTPOB Jll1Bl1HrCToH. 
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SOUTH SHETLAND ISLANDS, ANTARCTICA, DURING THE 1986/87 AUSTRAL SUMMER 
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, and Brent S. Stewart4 

1. National Marine Mammal Laboratory, Northwest and Alaska Fisheries 
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2. Tjarno Marine Biological Institute, PI. 2781, S-45200 Stromstad, Sweden 
3. 8224 Windsor View Terrace, Potomac, Maryland, 20854 USA 
4. Hubbs Marine Research Center, 1700 South Shores Road, San Diego, CA 
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INTRODUCTION 

Antarctic fur seals, Arctocephalus gazella, were commercially 

harvested and nearly exterminated in the 19th century. In the 1930's small 

numbers of fur seals (tens of individuals) were once again seen at Bird 

Island, South Georgia (Banner, 1968). Since 1956, when censuses were begun 

in the South Georgia vicinity, the number of pups born at Bird Island and 

South Georgia increased to a population estimated in the early 1980's at 
just under 1 million (Payne 1977; Banner, 1981; Laws 1984). At present, 
the majority of Antarctic fur seal pups are born at Bird Island, South 

Georgia, and the Willis Islands, although daughter rookeries have been 

re-established during the past several decades throughout the Scotia Arc 

and elsewhere (Banner 1968; Laws 1984). Surveys have been made during the 

breeding season at several of these sites but census coverage has been 

incomplete. Fur seals in the South Shetland Islands have been censused 

sporadically over the past 80 years, with the first post-exploitation 

record of successful pup production being reported by O'German (1961) at 

Cape Shirreff, Livingston Island, in January 1958. However, no attempts to 

census the entire archipelago have been made since 1965/66 when Aguayo and 

Torres (1967) surveyed fur seal abundance. 
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The survey reported here focused on the South Shetland Islands and 

had three principal objectives : 1) to document the recolonization and 

current distribution of Antarctic fur seal rookeries, 2) to estimate the 
current annual pup production in the archipelago, and 3) to identify fur 

seal rookeries suitable as potential monitoring sites in the land-based 

network of the CCAMLR Ecosystem Monitoring Program. 

METHODS 

Surveys were conducted between 23 December 1986 and 12 February 
1987 during research cruises aboard the USCGC Glacier and the R/V Prof. 

Siedlecki. From 23 December 1986 to 2 January 1987, helicopters from the 

USCG Glacier were used to survey all coastlines of the Elephant Island 

group, including the Seal Islands, Cornwallis, Clarenc~, Gibbs, Aspland, 
and O'Brien Islands (Figure 1). Surveys were flown at approximately 100 

meters altitude, with photographs taken of large groups to assist in 

estimating group size (e.g., southern elephant seals, Mirounga leonina). 

Although the survey focused on Antarctic fur seals, all pinnipeds observed 

hauled out on land were counted. Species which routinely haul out on ice 

(e.g., crabeater seals, Lobodon carcinophagus, and leopard seals, Hydrurga 

leptonyx) were only sighted on land infrequently whereas southern elephant 

seals (hauled out on beaches for their annual molting period) were sighted 
often. Counts of all pinnipeds were tallied by species, with no 

differentiation made between age and sex classes except for fur seals. At 

sites where fur seal pups were present, observers counted living and dead 

pups by censusing colonies on foot. 

Surveys from the R/V Prof. Siedlecki were conducted between 25 

January to 12 February 1987 and were performed by navigating inflatable 

boats near shore. All ice-free coasts of the South Shetland Islands 

between Low and Smith Islands and King George Island were examined in this 

fashion (Figure 1). Where fur seals were observed in abundance, observers 

landed to search for puP? by walking through haul out areas. 
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RESULTS 

A total of 12 Antarctic fur seal pupping sites were identified, 

some of which were not known prior to this survey (Tables 1 and 2). 

Numbers of Antarctic fur seal pups at various sites ranged between a single 

pup each at Fildes Peninsula, Desolation Island, and Smith Island, to 1895 

pups (including 235 dead pups) at the Telmo Island north of Livingston 

Island. Most pupping sites were located on or near King George, 

Livingston, or Elephant Islands. Only bachelor male fur seals were 

observed at other sites. No pupping sites were located on the southern 

coasts of islands along the Bransfield Strait. 

Even though the fur seal population is increasing in the South 
Shetland Islands, not all of the islands known to have had fur seal 

rookeries prior to exploitation are currently occupied. OUr census 

revealed that although fur seal colonies are being established successfully 

along the northern coastlines of the South Shetland Islands, recolonization 

of the southern coasts has not yet begun. Southern coasts are known to 
have been the sites of large fur seal rookeries which were subjected to 

heavy commercial exploitation in the 1820/21 and 1821/22 seasons 
(Stackpole, 1955; Bertrand, 1971). In addition, no fur seals were observed 

at Cornwallis, Clarence, Gibbs, Aspland or O'Brien Islands. The absence of 

animals at these islands conforms to previous survey data which indicated 

few Antarctic fur seals in these areas (Aguayo and Torres, 1967; Hunt 1973; 

Aguayo 1978). 

DISCUSSION 

Survey results indicate that both the pup production and the 

distribution of Antarctic fur seals are continuing to increase in the South 

Shetland Islands (Table 3). Even for those sites in years when data on the 

number of pups are not available, the total number of individuals observed 
appears to be increasing in most areas. 
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The reason for the differences in growth rates of rookery size 

between the three islands listed in Table 3 is unknown. Whereas rookeries 

at Elephant and Livingston Islands have expanded signficantly over the past 

two decades, the number of pups born at Stigant Point, King George Island, 

has remained essentially unchanged. To the human observer, there appears 

to be sufficient space on the Stigant Point beaches for rookery growth. 

These areas are currently utilized as haulout areas by bachelor males. 
Determining the extent to which potential difference in habitat and local 

prey resources between these sites may influence pup survival and rookery 

expansion requires further study. 

Three fur seal pupping sites were identified as potentially good 

locations for incorporation into the CCAMLR Ecosystem Monitoring Program 

network: 1) Seal Island, Elephant Island, 2) Stigant Point, King George 

Island, and 3) Cape Shirreff, Livingston Island. Each of these sites meets 
'" 

the following criteria which are considered important for establishing a 

field camp for monitoring purposes: 1) at least 100 fur seal pups born 

annually, 2) at least 10,000 nesting chinstrap penguins, Pygoscelis 

antarctica, available for similar monitoring studies, and 3) a suitable 
camp site available for a field team. Cape Shirreff and Seal Island are 

particularly well suited as monitoring sites because of their abundance of 

fur seals and geographic position in relation to krill fishing areas. The 

relative advantages of establishing a monitoring program at these sites 

will be considered further within national programs and the Working Group 
for the CCAMLR Ecosystem Monitoring Program. 
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Table 1. Pinniped census in the South Shetland Islands, Antarctica, 
durinJ the 1986/87 austral SlUTIlUer (E=elephant seal, W=Weddell seal, 
C=crabeater seal, L=leopard seal). 

Fur Seals 
Pups 

Location Male Female Alive Dead E w c L 

King George I. 3,326 147 146 12 2,932 386 2 1 

Nelson Island 186 1,070 432 1 1 

Robert Island 194 549 141 1 2 

Greenwich I. 235 423 40 

Li vinJston I. 1,912 129 298 4,898 264 1 1 

Cape Shirreff 1,650 844 673 178 772 134 1 

Telrno Island 1,607 2,299 1,660 235 3 3 

Snow Island 652 1,494 157 5 

Smith Island 105 2 1 8 

lLM Island 418 251 34 

Deception Island 520 3 48 1 

Elephant Island 153 191 235 15 1,315 21 4 

Seal Island 286 200 241 8 232 4 1 3 

Large Leap I. 73 167 254 21 

Total 11,317 3,979 3,508 469 13,942 1,651 34 12 
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Table 2. Summary of Antarctic fur seal pup production in the 
South Shetland Islands, Antarctica, in 1986/87. 

Location Live Dead Total 

Seal Island (Elephant Is.) 241 8 249 
Large Leap Island (Elephant IS.) 254 21 275 
Cape Valentine (Elephant Is.) 42 3 45 
Cape Lindsey (Elephant IS.) 191 12 203 
stinker Point (Elephant Is.) 2 0 2 
stigant Point (King George IS.) 145 12 157 
Fildes Peninsula (King George Is.) 1 0 1 
Desolation Island (Livingston Is.) 1 0 1 
Cape Shirreff (Livingston IS.) 673 178 851 
Telmo Island (Livingston Is.) 1,660 235 1,895 
Window Island (Livingston Is.) 297 297 
Smith Island 1 0 1 

Total 3,508 469 3,977 
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Table 3. Changes in Antarctic fur seal pup production at 
important rookery sites in the South Shetland Islands, 
Antarctica. sites listed are for those areas for which there are 
past census data comparable with the 1986/87 survey. 

Location Date pupsl Total2 Source 

ELEPHANT ISLAND 

Seal Island 7 Jan 66 20 Aguayo 1978 
13 Dec 70 16 62 Hunt 1973 
24 Dec 86 249 1250 1986/87 survey 

Cape Valentine 16 Feb 66 2 30 Aguayo 1978 
9 Feb 71 3 100 Hunt 1973 

30 Jan 87 45 121 1986/87 survey 

Cape Lindsey 16 Feb 66 3 70 Aguayo 1978 
Feb 71 30 Hunt 1973 

30 Jan 87 203 468 1986/87 survey 

KING GEORGE ISLAND 

stigant Point 16 Jan 70 123 213 Llano 1971 
Feb 73 80 250 Aguayo 1978 
Jan 82 168 293 Oliva et al. 1986 

1982/83 123 367 Oliva et al. 1986 
31 Jan 87 157 507 1986/87 survey 

LIVINGS TON ISLAND 

Cape Shirreff 14 Jan 58 1 27 O'Gorman 1961 
2 Feb 59 2 11 O'Gorrnan 1961 
1 Jan 66 12 50 Aguayo 1978 

Feb 71 71 201 Aguayo 1978 
25 Jan 73 300 1741 Aguayo 1978 

Jan 82 60 532 Cattan et al. 1982 
1982/83 564 Oliva et al. 1986 
1983/84 248 969 Oliva et al. 1986 
1984/85 384 1590 Oliva et al. 1986 

2 Feb 87 851 3345 1986/87 survey 

Window Island 21 Jan 66 50 150 Aguayo 1978 
25 Jan 73 70 320 Aguayo 1978 

3 Feb 87 297 646 1986/87 survey 

1) Includes both living and dead pups. 

2) Total. Antarctic fur seals, including pups. 
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SC-CAMLR-Vl/BG/18 

Legendes des tableaux 

Recensement des pinnipedes dans les lIes Shetland du Sud, 
Antarctique, au cours de l'ete austral 1986/87 (8 = elephant 
de mer, W = phoque de Weddell, C = phoque crabier, 
L = leopard de mer). 

Recapitulation de la production des petits des otaries 
antarctiques dans les lIes Shetland du Sud, Antarctique, en 
1986/87. 

Changements dans la production des petits des otaries 
antarctiques a d'importants sites de colonies dans les lIes 
Shetland du Sud, Antarctique. Les sites indiques 
correspondent aux regions pour lesquelles il existe des 
donnees de recensements anterieurs comparables a la 
prospect ion de 1986/87. 

Legende de la figure 

lIes Shetland du Sud, Antarctique, zone d'etude. 

8ncabezamientos de las Tablas 

Censo de los pinipedos en las lslas Shetland del Sur, 
Antartida, durante el verano austral de 1986/87 
(8 = elefante marino, W = foca de Weddel, C = foca 
cangrejera, L = foca leopardo). 

Resumen de la produccion de cachorros de foca peletera en 
las lslas Shetland del Sur, Antartida, en 1986/87. 

Cambios en la produccion de cachorros de foca peletera en 
importantes sitios de reproduccion en las lslas Shetland 
del Sur, Antartida. Los sitios que se indican correspond en 
a aquellas areas para las cuales existen datos de censos 
anteriores comparables con los de la prospeccion de 1986/87. 

Leyenda de la Figura 

lslas Shetland del Sur, Antartida, area de estudio. 

3arOJIOBKH K Ta6JIHijaM 

YqeT qHCJIeHHOCTH JIaCTOHOrHX iOJKHblX llieTJIaHACKHX 
OCTPOBOB, AHTapKTHKa, B TeqeHHe aBCTpaJIbHOrO JIeTa 

1986/87 r. (8 - MOPCKOH CJIOH, W - T/OJ1eHb 

Y:!lAAeJIJla, C - TIOJIeH b-Kpa6oeA, L - MOPCKOH 
JIeOnapA) • 
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CBOAKa no pO~AaeMOCTW Y ro~Horo MopCKoro KOTWKa 
IO>KHblX lIIeTJ1aHAcKWx OCTPOBOB, AHTapKTwKa, B 1986/87 
r. 

H3MeHeHWH B pO~AaeMocTw Y ro~Horo MopCKoro KOTWKa 

Ha OCHOBHblX J1e~6ml\ax IO>KHblX lIIeTJ1aHACKWX OCTPOBOB, 
AHTapKTWKa. nepeQWCJ1eHhl J1e~6w~a B Tex paiOHax, no 

KOTOPblM wMeroTcH nOJ1yqeHHble npw npoBeAeHWW B 
npOlllJ10M YQeTa QWCJ1eHHOCTW AaHHble, KOTopble MO~HO 

cpaBHWTb C pe3YJ1bTaTaMW c~eMKW 1986/87 r. 

nOAnWCb K PWCYHKY 

IO>KHble lIIeTJ1aHAcKWe OCTpOBa, AHTapKTwKa, - paiOH 

w3YQeHWH. 
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SC-CAMLR-VI/BG/14 Rev.1 
(WG-CEMP-87/14) 

LONG-TERM TRENDS IN THE FORAGING PATTERNS OF FEMALE ANTARCTIC FUR SE!\LS AT 
SOUTH GEORGIA* 

1 J.L. Bengtson 
(USA) 

Abstract 

The number of feeding trips to sea made by female 
Antarctic fur seals during lactation may reflect the 
relative availability of local prey resources. 
Experimental work utilizing tetracycline-marked teeth 
confirmed that the feeding trip/suckling cycles of 
females are reflected as starving/suckling layers in the 
teeth of their pups. A collection of unmarked Antarctic 
fur seal teeth from Bird Island, South Georgia, was 
analyzed to estimate: 1) birth year of individuals, and 
2) the number of feeding trips made by an individual's 
mother during lactation. 

This analysis showed that between 1962 and 1981 the mean 
number of feeding trips made by female fur seals varied 
markedly. From 1962 to 1979 there were several 
significant increasing and decreasing trends in the mean 
number of feeding trips, with 1979 being the year with 
the fewest trips made during the entire 20 year period. 

* In press in : Sahrhage, D. (ed). Antarctic Ocean and Resources 
Variability. Springer. Berlin, Heidelberg, New York, 
Tokyo. 

1. National Marine Mammal Laboratory, Northwest and Alaska Fisheries 
Center, National Marine Fisheries Service, 7600 Sand Point Way NE, 
Washington 98115 USA. 

Le nombre de voyages alimentaires en mer effectues par 
les otaries femelles de l'Antarctique au cours de la 
lactation peut indiquer la disponibilite relative des 
ressources en proies locales. Des travaux experimentaux 
bases sur l'utilisation de dents marquees a la 
tetracycline ont confirme qu'aux cycles voyage 
alimentaire/allaitement des feme lIes correspondent des 
couches sous-alimentation/allaitement dans les dents de 
leurs petits. Un ensemble de dents non-marquees 
d'otaries antarctiques provenant de l'Ile Bird, Georgie 
du Sud, a ete analyse afin d'estimer : 1) l'annee de 
naissance des individus et 2) le nombre de voyages 
alimentaires effectues par la mere d'un individu au 
cours de la lactation. 

Cette analyse a montre que le nombre moyen de voyages 
alimentaires effectues par les otaries femelles variait 
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nettement entre 1962 et 1981. De 1962 a 1979 sont 
apparues plusieurs tendances marquees indiquant une 
augmentation ou une baisse du nombre moyen de voyages 
alimentaires, 1979 etant l'annee durant laquelle les 
voyages ont ete les moins nombreux sur la periode de 20 
ans. 

Sous presse dans Sahrhage, D. (ed). Antarctic Ocean and Resources 
variability. springer. Berlin, Heidelberg, New 
York, Tokyo. 

Resumen 

El numero de viajes al mar para alimentacion hechos por 
las focas peleteras antarticas hembra durante la 
lactacion puede reflejar la disponibilidad relativa de 
los recursos de especies presa locales. Un trabajo 
experimental utilizando dientes marcados con 
tetraciclina confirmo que los ciclos de viaje para 
alimentacion/amamantamiento de las hembras se reflejan 
como capas de privacion de alimento/amamantamiento en 
los dientes de sus cachorros. Se analizo una coleccion 
de dientes no marcados de foca peletera antartica de la 
Isla Bird, Georgia del Sur, para estimar : 1) el ano de 
nacimiento de los individuos, y 2) el nUmero de viajes 
para alimentacion hechos por la madre de un individuo 
durante la lactacion. 

Este analisis mostro que entre 1962 y 1981 el numero 
medio de viajes de alimentacion hechos por las focas 
peleteras hembra vario marcadamente. Desde 1962 hasta 
1979 hubo varias tendencias crecientes y decrecientes 
significativas en el nUmero medio de viajes para 
alimentacion, siendo 1979 el ano con la menor cantidad 
de viajes hechos durante todo el periodo de 20 anos. 

En prensa en: Sahrhage, D. (ed). Antarctic Ocean and Resources 
variability. springer. Berlin, Heidelberg, New 
York, Tokyo. 

Pe3JOMe 

KOJIH'ieCTBO COBeprnaeMblx caMKow JOlKHoro MopcKoro 
KOTHKa BhlxoAOB B Mope B nOHCKax nM~H B nepHOA 
JIaKTaqHH MOlKeT OTpalKaTh OTHOCHTeJIhHYJO 
AocTynHocT h MeCTHbIX 3anaCOB nOTpe6JIReMhIX 
BHAOB. 3KcnepHMeHTaJIbHhle pa60Thl C 
HCnOJIb30BaHHeM MeqeHHR 3y6oB TeTpaqHKJIHHOM 
nOATBepAHJIH, 'iTO qHKJIhl nOHCK nH~H/ 
BCKapMJIHBaHHe y caMOK COOTBeTCTBYJOT B 3y6ax 
~eHKOB 'iepeAOBaHHJO UIoeB rOJIOAaHHJI/cocaHHR. 
KOJIJIeKqHR HeMe'ieHHbIX 3y6oB JOlKHoro MopCKoro 
KOTHKa C OCTpOBa nepA H IDlKHOW reoprHH 
nOABeprJIaCh aHaJIH3Y C qeJIhJO onpeAeJIeHHR: 
1) rOAa pOlKAeHHR KOHKpeTHhlX oco6ew H 
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2) KOnWqeCTBa BhlXOAOB B 
COBepweHHblX MaTepblO KaKofl-nw60 
naKTaL(WW. 

nOWCKax nmqw, 
oco6w B nepwoA 

Pe3yn bTaTbl aHanW3a nOKa3anw, qTO B npOMemYTKe 
MemAY 1962 W 1981 rOAOM cpeAHee KOnWqeCTBO 
BblXOAOB B nOWCKax nWII{W, COBepweHHblX pa3nWqHblMW 
caMKaMW MopCKoro KOTWKa, CHnbHO BapbwpOBanOCb. 
C 1962 no 1979 reA Ha6nlOAanHcb HeCKonbKO pa3 
TeHAeHL(Hw K cYlI{ecTBeHHoMY YBeJlHqeHHIO W 
YMeHbweHwlO cpeAHero 1(0nHqeCTBa BblXOAOB B 
nOWCKax nWlI{w, npw 3TOM 1979 reA OKa3anCH 
rOAoM, KorAa 6bInO cAenaHo HaWMeHbwee 
KOnWqeCTBO BhlxoAoB 3a BeCb 20-neTHwfI nepwoA. 

B nepwoAwKe ~: Sahrhage, D. (ed). Antarctic Ocean and 
Resources Variability. Springer. Berlin. 
Heidelberg, New York, Tokyo. 
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SC-CAMLR-VI/BG/15 
(WG-CEMP-87/13) 

REPRODUCTIVE PERFORMANCE OF SEABIRDS AND SEALS AT SOUTH GEORGIA AND SIGNY 
ISLAND, SOUTH ORKNEY ISLANDS, 1976-1987 : IMPLICATIONS FOR SOUTHERN OCEAN 
MONITORING STUDIES* 

J.P. Croxall, T.S. McCann, P.A. Prince and P. Rotheryl 
(United Kingdom) 

Abstract 

Aspects of the reproductive performance over the last 
decade of Black-browed, Grey-headed and Wandering 
Albatrosses, Gentoo and Macaroni Penguins and Antarctic 
FUr Seals, at Bird Island, South Georgia and for Adelie 
and Chinstrap Penguins at Signy Island, South Orkney 
Islands, are summarised and reviewed. Breeding success 
of the Wandering Albatross, which breeds in winter and 
eats fish and squid, has remained constant, while 
population size has declined gradually but 
significantly. The other species at South Georgia, 
which breed in summer and feed extensively on krill, 
have shown major fluctuations in some or all of : 
breeding population size, breeding success, foraging 
trip duration and offspring growth rate. 1977-78 and 
1983-84 were summers of particularly poor reproductive 
performance by almost all species; circumstantial 
evidence relating this to reduced availability of krill 
is discussed. The fluctuations in reproductive 
performance of the krill-eating, summer-breeding 
penguins at Signy Island are not synchronised with those 
at South Georgia; they correlate best (especially for 
Chinstraps, which suffered badly in 1980-81 and 1982-83) 
with the date of ice break-out in late spring. Numerous 
parameters of albatross, penguin and fur seal biology 
are reviewed in terms of their sensitivity and 
suitability for detecting changes in the marine 
environment. 

* In press in : Sahrhage, D. (ed). Antarctic Ocean and Resources 
Variability. Springer. Berlin, Heidelberg, New York, 
Tokyo. 

1. British Antarctic Survey, Natural Environment Research Council, Madingley 
Rd, Cambridge, CB3 OET, UK. 

S~nt resumes et examines des aspects de la terformance 
de reproduction au cours de la derniere dec~~nie du 
grand albatros, de l'albatros a sourcils noirs et de 
l'albatros a tete grise, du manchot papou et du gorfou 
dore, et de l'otarie antarctique a l'Ile Bird, Georgie 
du Sud, ainsi que des manchots Adelie et a jugulaire a 
l'Ile signy, Orcades du SUd. La reussite de 
reproduction du grand albatros, qui se reproduit en 
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hiver et se nourrit de poissons et de calmars, est 
demeuree constante alors que la taille de la population 
a connu une baisse graduelle et fort sensible. Chez les 
aut res especes de la Georgie du Sud, qui se reproduisent 
en ete et se nourrissent en grande partie de krill, sont 
apparues des fluctuations importantes dans certains ou 
dans tous les domaines suivants : taille de la 
population reproductrice, reussite de la reproduction, 
duree des sorties d'approvisionnement et taux de 
croissance des juveniles. La performance de 
reproduction de presque toutes les especes a ete 
particulierement faible au cours des etes 1977--78 et 
1983-84; ce document presente les preuves indirectes 
d'une relation entre cette faible performance et la 
disponibilite reduite de krill. 11 n'existe pas de 
concordance entre, d'unepart, les fluctuations dans la 
performance de reproduction des manchots se nourrissant 
de krill et se reproduisant l'ete it l'ne Signy et, 
d'autre part, celles qui surviennent en Georgie du Sud; 
la meilleure correlation (surtout pour les manchots it 
jugulaire qui ont ete tres affectes en 1980-81 et 
1982-83) correspond it la date de liberation des glaces it 
la fin du printemps. De nombreux parametres de la 
biologie des albatros, des manchots et des otaries sont 
examines sur le plan de leur sensibilite et de leur 
pertinence quant it la detection des changements dans le 
milieu marin. 

* Sous presse dans : Sahrhage, D. (ed). Antarctic Ocean and Resources 
variability. Springer. Berlin, Heidelberg, New 
York, Tokyo. 

Resumen 

Se resume y revisan aspectos del rendimiento 
reproductivo durante la ultima decada, de los albatros 
de ceja negra, de cabeza gris y Diomedea exulans 
(wandering albatros), de los pinguinos Gentoo y Macaroni 
y de las focas peleteras antarticas en la 1sla Bird, 
Georgia del Sur, y para los pinguinos Adelie y Chinstrap 
en la 1sla signy, Islas Orcadas del Sur. El exito 
reproductivo de Diomedea exulans (wandering albatros), 
el cual se reproduce en invierno y se alimenta de peces 
y calamar, ha permanecido constante, mientras que el 
tamano de la poblacion ha declinado gradual pero 
significativamente. Las otras especies en Georgia de~ 
Sur, que se reproducen en verano y se alimentan 
extensamente de krill, han evidenciado fluctuaciones 
importantes en algunos 0 todos de los siguientes : 
tamano de la poblacion reproductiva, exito reproductivo, 
duracion de los viajes de forrajeo y tasa de crecimiento 
de las crias. Los veranos de 1977-78 y 1983-84 fueron 
de rendimiento reproductivo particularmente pobre para 
casi todas las especies; se discute la evidencia 
circunstancial que relaciona esto a una reduccion en la 
disponibilidad del krill. Las fluctuaciones en el 
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rendimiento reproductivo de los pinguinos de la Isla 
signy, los cuales se alimentan de krill y se reproducen 
en verano, no estan sincronizadas con aquellas de 
Georgia del Sur; se correlacionan mejor (especialmente 
para los Chinstrap, los cuales sufrieron 
considerablemente en 1980-81 y 1982-83) con la fecha de 
ruptura del hielo en la ultima parte de la primavera. 
Se revisan numerosos parametros de la biologia de los 
albatros, pinguinos y focas peleteras en terminos de su 
sensibilidad y capacidad para la deteccion de cambios en 
el medio ambiente marino. 

* En prensa en Sahrhage, D. (ed). Antarctic Ocean and Resources 
variability. springer. Berlin, Heidelberg, New 
York, Tokyo. 

Pe310Me 

CBeAeHbl BMeCTe I1 paCCMaTpI1BaIOTCH acneKTbI 
npOLtecca BOCnp0I13BOACTBa 3a nOCJJeAHee 
AeCJJTI1JJeTI1e Y qepHo6pOBOfO, CepOfOJJOBOfO I1 
CTpaHcTBy~efo aJJb6aTpOCOB, nanyaccKofO I1 
30JIOTOBOJJOCOfO nI1HfBI1HOB I1 IO)!{HOfO MOPCKOfO 
KOTI1Ka B paHOHe OCTpoBa EePA, IO)lmOH feOpfI1I1 I1 
y nI1HrBI1HOB AAeJII1 I1 qI1HCTpan B paHOHe OCTpOBa 
CI1rHI1., iOJKHbIe OpKHeHCKI1e oCTpOBa. 
PeIlpOAYKTI1BHbIH ycnex y CTpaHcTBy~efo 
aJJb6aTpOca, KOTOPbIH BbIBOAI1T nTeHLtOB 3I1MOH I1 
III1TaeTCH pbI60H I1 KaJJbMapaMI1, OCTaBaJJCH 
nOCTOHHHbIM, B TO BpeMH KaK pa3Mep IIonYJJHLtI1I1 
MeAJIeHHO, HO cy~ecTBeHHO COKpa~aJJCH. Y APyrI1X 
BI1AOB, 06I1Ta~I1X y iOJKHOH feoprI1I1. KOTopbIe 
BbIBOAHT IITeHLtOB JJeTOM I1 nI1TaIOTCH B OCHOBHOM 
KpI1JIeM, Ha6JJIOAaJJI1C b CI1JI bHbIe cpJJYKTyaLtl111 B 
HeKOTopbIX I1JJI1 BO Bcex HI1)!{enepeql1CJJeHHbIX 
acneKTax: pa3Mep pa3MHO)!{a~eHCH nonYJIHLtI1I1, 
penpOAYKTI1BHbIH ycnex, AJJI1TeJJ bHOCT b nepl10AOB 
nOI1CKa IlI-l~11 I1 CKOPOCT b pOCTa nOTOMCTBa. JIeTo 
1977-78 1'.1'. I-l JJeTO 1983-84 1'.1'. 6bIJJI1 oco6eHHO 
HeYAaQHbIMI1 B IlJJaHe BOCnpOI-l3BOACTBa IlOQTI1 AJJH 
Bcex BI1AOB; 06 cY)!{AaIOTCH KOCBeHHbIe cBeAeHI1H, 
II03BOJJH~I-le CBH3aTb 3TO C nOHI13I1BrneHCH 
AOCTYIlHOCT blO KPI1JJH. ct>JIYKTyaLtI1I1 B 
BOCnp0I13BOACTBe IlI1HrBI1HOB OCTpOBa CI1I'HI1, 
KOTopbIe IlI1TaIOTCH Kpl1JJeM I1 BbIBOAjjT nTeHLtOB 
JIeTOM, He COBnaAalOT no BpeMeHI1 C TaKOBbIMI1 Ha 
iOJKHOH feopnm; JJYQrne Bcero OHI1 COOTBeTCTBYIOT 
(oc06eHHo AJJH IlI1HrBI1HOB QI1HCTpan, AJJH KOTOPbIX 
rOAa 1980-81 I1 1982-83 OKa3aJJl1Cb Qpe3BbIQaHHO 
HeYAaQHbIMI1) BPCMCHI1 BCKPbITI1H JJeAHHOro nOKpOBa 
B KOHLte BeCHbI. MHOrOQI1CJJeHHbIe 6I10JIOrI1QeCKI1e 
napaMeTpbl aJIb6aTpocoB, nI1HfBI1HOB I1 MOPCKI1X 
KOTI-lKOB paCCMaTpI1BaIOTCH B OTHOrneHl111 I1X 
QYBCTBI1TeJJbHOCTI1 11 npI1MeHI1MOCTI1 K BblHBJJeHI110 
113MeHCHl1H B MOPCKOH oKpy)!{a~eH cpeAe. 

* B nepl10AI-lKe ~: Sahrhage. D. (ed). Antarctic Ocean and 
Resources Variability. Springer. Berlin. 
Heidelberg. New York. Tokyo. 
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SC-CAMLR-VI/BG/19 
(WG-CEMP-87/6) 

SURVEYS OF BREEDING PENGUINS AND OTHER SEABIRDS IN THE SOUTH SHETLAND 
ISLANDS, ANTARCTICA, JANUARY-FEBRUARY 1987* 

W.D. Shuford and L.B. Spear1 

(USA) 

Abstract 

Surveys conducted as part of the Antarctic Marine Living 
Resources Program in 1987 provided data on the number, 
size, and location of penguin and Antarctic blue-eyed 
shag colonies and the breeding status of other seabirds 
in the South Shetland Islands, Antarctica. We 
encountered several species at many more sites than 
previously reported, thus increasing the known breeding 
localities of sheathbills and skuas by threefold, 
chinstrap penguins by twofold, and Cape petrels and 
shags by 50%. Our minimum estimate of 1 620 000 
breeding Chinstrap penguins, the most abundant penguin 
in the study area, is about 2.5 times greater than the 
previous estimate. Although there appears to have been 
about 40% overall increase in the chinstrap population 
in the last 20-30 years, about three-fourths of the 
difference between our counts and previous ones is due 
to more complete coverage of available nesting habitat 
in 1987. For the same reason, at least in part, other 
species of breeding seabirds were also found to be more 
abundant than previously reported. 

* published in NOAA Technical Memorandum NMFS Antarctic Marine Living 
Resources Program (AMLR) 

1. Point Reyes Bird Observatory, 4990 Shoreline Highway, Stinson Beach, 
CA 94970 USA. 

Des prospect ions effectuees en 1987 dans le cadre du 
Programme des ressources marines_vivantes de 
l'Antarctique ont fourni des donnees sur le nombre, la 
taille et la position des colonies de manchots et de 
Phalacrocorax atriceps antarctiques, ainsi que sur la 
situation concernant la reproduction des autres oiseaux 
de mer dans les lIes Shetland du SUd en Antarctique. 
Nous avons rencontre plusieurs especes a beaucoup plus 
de sites qu'il avait ete auparavant signale, si bien que 
les lieux de reproduction connus des chionis et des 
skuas ont ~riple, ceux des manchots a jugulaire ont 
double et ceux des petrels a cape et des cormorans 
huppes ont augmente de 50%. Notre estimation minimum de 
1 620 000 manchots a jugula ire reproducteurs (l'espece 
de manchot se trouvant en plus grand nombre dans la zone 
d'etude) est environ 2 fois et demie plus elevee que 
l'estimation precedente. Bien qu'il semble que la 
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population des manchots a jugula ire ait augmente 
globalement d'a peu pres 40% au cours des dernieres 
20-30 annees, environ les trois-quarts de la difference 
entre nos denombrements et les precedents s'expliquent 
par une couverture plus complete en 1987 des habitats 
dont disposent les colonies reproductrices. En partie 
pour la meme raison, l'on a egalement pu constater que 
d'autres especes d'oiseaux de mer reproducteurs etaient 
plus abondantes que precedemment declare. 

* publie dans NOAA Technical Memorandum NMFS Antarctic Marine Living 
Resources Program (AMLR) 

* 

Resumen 

Las prospecciones realizadas como parte del Programa de 
los Recursos Vivos Marinos Antarticos en 1987 
proporcionaron datos acerca del nlimero, la talla y la 
ubicacion de las colonias de pinguinos y cormoranes de 
ojos azules de la Antartida y del estado de reproduccion 
de otras ayes marinas en las Islas Shetland del Sur, 
Antartida. Encontramos varias especies en muchos mas 
sitios de los que se habian dado a conocer previamente, 
triplicando de esa manera los lugares de reproduccion 
conocidos de los pico de vaina y de los skuas, 
duplicando los de los pinguinos chinstrap y aumentando 
en un 50% los de los petreles de capa y los cormoranes. 
Nuestra estimacion minima de 1 620 000 pinguinos 
chinstrap reproductores, el pinguino de mayor abundancia 
en el area de estudio, es aproximadamente 2,5 veces 
mayor que la estimacion previa. A pesar de que la 
poblacion de los chinstrap parece haber aumentado 
globalmente alrededor del 40% en los ultimos 20-30 anos, 
aproximadamente tres cuartas partes de la diferencia 
entre nuestros recuentos y los previos se debe a una 
exploracion mas completa del habitat de anidamiento 
disponible en 1987. Por la misma razon, al menos en 
parte, otras especies de ayes marinas reproductoras 
fueron encontradas en mayor abundancia de 10 informado 
previamente. 

publicado en NOAA Technical Memorandum NMFS Antarctic Marine Living 
Resources Program (AMLR) 

Pe310Me 

B pe3ynbTaTe c~eMoK, npoBeAeHHhlx B 1987 r. KaK 
qaCTb nporpaMMhl no MOPCKWM ~HBhlM pecypcaM 
AHTapKTHKH, 6hlnH nonyqeHhl AaHHhle no 
qWCneHHOCTW, pa3Mepy W MeCTOHaxo~AeHWIO KonoHHH 
nWHrBWHOB H aHTapKTHqeCKHX rony6orna3hlx 
6aKnaHOB W HH~opMa~wH 0 penpOAYKTWBHOM 
COCTOHHHW APyrwx MOPCKWX nTH~ Ha iO>KHhIX 
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llIeTJIaHACIOfX OCTpOBaX, AHTapKTI1Ka. HeCKOJI bKO 
BI1AOB Ha6JIIOAaJIOCb Ha ropa3Ao 60JIbWeM, qeM 3TO 
6blJIO 113BeCTHO paHee, KOJIl1qeCTBe yqaCTKOB; 

TaKI1M 06pa30M, B TPI1 pa3a YBeJIl1ql1BaeTCH 
KOJIl1qeCTBO 113BeCTHblX rHe3AOBI1H JIOrraTOKJIIOBblX 11 

rrOMOpHI1KOB, B ABa pa3a - rrl1HrBI1HOB ql1HCTparr, 11 
Ha 50% - KarrCKI1X rOJIy6KoB 11 6aKJIaHOB. ITo HaWI1M 
OlleHKaM, pa3MHO)Ka/Ol.l(I1XCH rrl1HrBI1HOB QI1HCTparr, 
caMoro MHOrOQI1CJIeHHOrO BI1Aa rrl1HrBI1HOB B paHOHe 
I1CCJIeAOBaHI1H, 6blJIO KaK MI1HI1MyM 1620000, QTO B 

2,5 pa3a 60JIbWe, QeM rro rrpeAblAYlI\l1M OlleHKaM. 
XOTH, KaK Ka)KeTCH, 3a rrOCJIeAHl1e 20-30 JIeT 
o611\ee KOJII1QeCTBO rrl1HrBI1HOB QI1HCTparr 
YBeJII1QI1JIOCb Ha 40%, rrpl1MepHO TPI1 QeTBepThlX 

pa3HI111bl Me)KAY HaWI1MI1 11 rrpeAblAYII\I1MI1 rrOACQeTaMI1 
CJIeAyeT OTHeCTI1 Ha CQeT Toro, QTO B 1987 r. 

60JIee TlI\aTeJIb~O 113YQaJIaCb Teppl1TOpl1H, 
rrpl1rOAHaH AJIH rHe3AOBI1H. ITo TOH )Ke rrpl1QI1He. 
rro KpaHHeH Mepe QaCTI1QHO, - 6hlJIO HaHAeHo, QTO 
KOJII1QeCTBO pa3MHO)Ka/Ol.l(l1xcH MOPCKI1X rrTI111 APyrl1x 
BI1AOB TaK)Ke 60JI bwe, QeM 6blJIO 113BeCTHO paHee. 

* orry6JII1KOBaHo B NOAA Technical Memorandum NMFS Antarctic 
Marine Living-Resources Program (AMLR) 
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SC-CAMLR-VI/BG/36 

OBSERVATIONS ON HAUL-OUT PATTERNS AND TRENDS IN THE BREEDING POPULATIONS OF 
SOUTHERN ELEPHANT SEAL AT PENINSULA VALDES (PATAGONIA) AND STRANGER POINT 
(25 DE MAYO - KING GEORGE r.) 

D.F. Vergani, M.N. Lewis and Z.B. Stanganelli 
(Argentina) 

Abstract 

Southern elephant seal, Mirounga leonina, populations at 
Peninsula Valdes (patagonia) and 25 de Mayo-King George 
I. were studied during the breeding season from 1979 to 
1987. Two main objectives were taken into 
consideration : haul-out pattern and the female 
population trend. In both places, the intrinsic 
population growth rate is positive. In 1982, at 
Stranger Point, a sharp decrease of the female component 
of the population was observed (r=-56.54%). The 
recovery of the population_at Stranger Point, and the 
global increase at Peninsula Valdes, indicate the good 
condition of these populations. 

Les populations d'elephants de mer du Sud, Mirounga 
leonina, a Peninsula Valdes (Patagonie) et 25 de 
Mayo-TIe du Roi George ont ete etudiees au cours de la 
saison de reproduction de 1979 a 1987. Deux object ifs 
principaux ont ete consideres : les caracteristiques de 
la venue a terre et les tendances de la population 
feme He. A ces deux endroits, le taux intrinseque de 
croissance demographique est positH. En 1982, a 
stranger Point, une forte diminution de la composante 
femelle de la population a ete observee (r=-56,54%). Le 
repeuplement a stranger Point et l'augmentation globale 
a Peninsula Valdes indiquent la bonne condition de ces 
populations. 

Resumen 

Se estudiaron poblaciones de elefante marine austral, 
Mirounga leonina en la Peninsula de Valdes (Patagonia) y 
en 25 de Mayo - Tsla King George, durante la estacion 
reproductora desde 1979 hasta 1987. Se tomaron en 
consideracion dos objetivos principales : el patron de 
emergida y la tendencia de la poblacion de hembras. En 
ambos lugares, la tasa intrinseca de crecimiento de la 
poblacion es positiva. Se observo en 1982, en Stranger 
Point, un brusco descenso del componente de hembras de 
la poblacion (r=-56.54%). La recuperacion de la 
poblacion en Stranger Point, y el aumento global en la 
Peninsula de Valdes, indican el buen estado de estas 
poblaciones. 



- 454 -

Pe310Me 

C 1979 no 1987 r. BO BpeMH nepMoAa pa3MHomeHMfl 
npoBoAMnMCb MccneAoBaHMH nonYJlfll.(MH IOmHOJ'O 
MopCKoro cnOHa, Mirounga leonina, Ha 
nonYOCTpOBe BanbAec enaTaJ'OHMH) M Ha 0-8e KMHJ'­
Jl.)K0PA>K. BHMMaHMe YAenRnocb ABYM OCHOBHblM 
l.(enRM: M3yqeHI11O 3aKoHoMepHocTeH B IlPI16blTI111 Ha 
ne>K6l1uta 11 HanpaBneHMH H3MeHeHMH B nOllynHI.(MHX 
caMOK. TeMIl 3KcnOHeHl.(l1anbHoro pOCTa pa3Mepa 
nonYJHll.(MI1' nOnO>KI1Ten bHblH B 060l1X MeCTax. B 
1982 r. Ha Mblce CTp3HA>Kep B nonYJlfll.(11'11 
Ha6nlOAanoc b pe3Koe YMeH blUeHl1'e KOnMqeCTBa caMOK 
er -56,54%). BOCCTaHOBneHl1'e pa3MepOB 
nonYJIHl.(11'11' Ha Mblce CTp3HAmep 11' 06utee YBenW-IeHl1'e 
3anaCOB Ha nonYOCTpOBe BanbAec YKa3hlBalOT Ha 
TO, qTO 3TI1' nonynfll.(11'11' - B xoporueM COCTOHHI1'I1'. 
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OBSERVATIONS ON HAUL-OUT PATTERNS AND TRENDS IN THE BREEDING 

POPULATIONS OF SOUTHERN ELEPHANT SEAL AT PENINSULA VALDES 

(PATAGONIA) AND STRANGER POINT (25 DE MAYO - KING GEORGE 1.) 

D.F. vergani1
, M.N. Lewis2 and Z.B. stranganelli1 

1. Instituto Antartico Argentino, Cat. de Genetica, Fac. Cs. 
Veterinarias, calle 60 y 118, (1900) La Plata, Argentina 

2. Centro Nacional patagonico, 28 de Julio 28 (9120) Puerto 
Madryn, Chubut, Argentina 

INTRODUCTION 

Southern elephant seals, Mirounga leonina, breed on both sides of 

the Antarctic Convergence. Most of the breeding places are located on 

islands, except for the herd found on the coast of Peninsula Valdes 

(Patagonia). The distribution of elephant seal breeding populations is 

circumpolar and they were recognized as three stocks : South Georgia, 
Kerguelen and Macquarie (Laws, 1960). 

Population decrease was reported by several authors in different 

stocks: at Kerguelen (Skinner and van Aarde, 1983, Bester, 1982, Condy, 
1979); at Macquarie (Burton et al., 1986). At South Georgia censuses were 

carried out in 1985-1986; the total population estimated was essentially 

the same as the abundance estimated from the 1951 survey (Croxall, 1986). 

It is possible that there could be more than one reason for this decrease. 

One reason could be the competition with fishing fleets since the onset of 

this decade and their possible influence on the reproductive success, and 

in the population trends (van Aarde, 1980). 

In this paper we present information on the last seven years in two 

breeding places belonging to the Georgia stock. Two main objectives have 

been taken into consideration : haul-out pattern, and the female popUlation 

trend. The first was considered to decide which method would be used in 
the popUlation estimation of females from these two breeding places. 
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The second one was included because after the breeding season, 

females from Peninsula Valdes go to the south (Scolaro 1976) and perhaps 

they could reach Antarctic ~aters where they would recover the weight lost 

during lactation (Vergani, 1986). Changes in food availability could be 
reflected in trends of the female component of these populations. 

A first step in analysing this hypothesis was to compare an 

Antarctic population trend against a patagonian one. 

METHODS 

Censuses were carried out in two different places. One of them was 

located at 25 de Mayo I. (King George) (1980-1986 except for 1981), where a 

study area of 5 km between Stranger and Elefante Point was fixed (62°14' S 
'" 

- 58°30' W). The other place was located at Peninsula Valdes (patagonia) 

(1981-1984). Censuses were carried out on 8 km of coastline; one isolated 
beach was determined to be representative of the original area and it was 

used every year to collect the information. 

The maximum number of females at Stranger Point was calculated by 

females plus weaned and dead pups (McCann, 1985) and at Peninsula Valdes a 

mathematical model as described by Lewis (in press) was used. 

Estimates of intrinsic population growth rates were based on the 

exponential function: Nt = No ert as suggested by Caughley (1977) like 
that of Skinner and van Aarde (1983). 

RESULTS 

Differences in time of females haul out were observed between 

Peninsula Valdes and Stranger Point. Through the whole period of, 

observations, the difference ranged between a minimum of 13 days and a 

maximum of 29. This variation reflects the different starting point of 
female arrival. 
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In stranger Point the rank was 8/9 to 23/9 and at Peninsula Valdes 

was 26/8 to 1/9. Similar differences were also found in the date of the 

peak of females ashore corresponding to 27/10, rank ± 3 to Stranger Point 

and to 30/9, rank ± 5 to Peninsula Valdes. 

Besides, the duration of the breeding season in Stranger Point was 

10 days shorter (average) than Peninsula Valdes. In both places it was 

independently observed, from year to year, the duration and the 

synchronization of the breeding season of cow haul out. 

Differences between both populations may be observed in Figure 1. 

In both places, the intrinsic population growth rate is positive 

(Figure 2). In 1982 in Stranger Point a sharp decrease of the female 

component of the population was observed (r = -56.54%). This fact could be 

related to some kind of disturbance of the austral ocean (e.g. "El Nino"). 

DISCUSSION 

This paper shows that comparing both places the haul out pattern is 

different so their breeding seasons are not synchronic ones. If we wish to 

estimate the maximum number of females ashore on the basis of a single 

census, at Stranger Point this should be carried out after the 30/10 (27/10 

plus the 3-days rank), and at Peninsula Valdes after the 5/10 (30/9 plus 
5-days rank). Here the weaning pups immigration from other areas would 

produce an overestimation of the female maximum number. That is why it was 

decided to use the model developed and used by Lewis (in press) in previous 

years to calculate Peninsula Valdes population trends. 

Migration between subantarctic and antarctic places after the 

breeding season have been confirmed with male of elephant seal from 

Kerguelen to Vestfold Hills (Burton, 1985). 
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In patagonia, the number of females involved in the breeding season 
is greater than the number that goes there for moulting, while at stranger 

Point exactly the opposite happens (Vergani, 1985). This fact would allow 

to speculate on a migration between subantarctic and antarctic places, but 

population trends do not show a sharp parallelism between them~ At 

Peninsula valdes it did not happen the sharp decrease of the female 

component of the population that was observed at Stranger Point in 1982. 

Here, the most probable hypothesis is an "El Nino" (1982-1983) influence on 

the ecosystem. (This point will be dealt with in a future paper). 

The recovering of the population at Stranger point and the global 

increase at Peninsula Valdes indicate the good conditions of these 

populations. The global increase at Peninsula Valdes was obtained by 

comparing the total number of females of 1975 and 1982. The first was of 4 

400 individuals, data obtained through transforming the number of pups 

censed by Scolaro (1976) in female number through the application of birth 

rate. The second was obtained through an aerial census carried out by 

Lewis (submitted to Marine Mammal Sciences) at the peak point of the 

breeding season, which rendered 6 400 individuals. The value of r between 

these two years is 0.05, similar to the one estimated for this population 

by McCann (1985) between 1971-1975. 

Through the study of the diet and using directional and time depth 

recorders it could be proved the hypothesis of Patagonian females reaching 

Antarctic waters. On the other hand, the comparative study of population 
trends within the same stock will help achieve a better understanding of 

the factors affecting them. 
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Figure 1 Fluctuations in the number of females during several breeding 
seasons at stranger Point and Peninsula valdes. 
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SC-CAMLR-vr/BG/36 

Legendes des figures 

Fluctuations du nombre des femelles au cours de plusieurs 
saisons de reproduction a Stranger Point et Peninsula 
Valdes. 

Tendances relatives a la composante feme lIe de la 
population d'elephants de mer du SUd. 

Leyendas de las Figuras 

Fluctuaciones en el numero de hembras durante varias 
temporadas de reproduccion en Stranger Point y la Peninsula 
de Valdes. 

Tendencias en el componente de hembras en la pOblacion de 
elefantes marinos australes. 

Oonnl1CI1 K pl1CYHKaM 

H3MeHeHl1R QI1CneHHOCTI1 caMOK B TeQeHl1e HeCKOnbKI1X 
nepl10AOB pa3MHO>KeHI1R Ha Mblce CTp:9HA>Kep 11 
nonYOCTpOBe BanbAec. 

HanpaBneHI1R 113MeHeHl1M B QI1CneHHOCTI1 caMOK 
nonynR~1111 ~>KHOrO MopCKoro cnOHa. 
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SOUTHERN ELEPHANT SEALS AND CCAMLR 

M.N. Bester, D.G.M. Miller 
(South Africa) 

Abstract 

SC-CAMLR-VI/BG/28 

This paper describes research findings of primarily 
South African (including some French and Australian 
results) studies on the southern elephant seal (Mirounga 
leonina) in the Kerguelen province of the Southern 
Ocean. Sub-populations of this species have declined at 
Kerguelen, Marion, Prince Edward and Heard Islands. 
population studies during the animals' terrestrial phase 
have failed to explain this observed decline which has 
also been recently confirmed for the Macquarie Island 
stock. The availability of food, competition with 
rapidly growing fur seal populations and competition 
with fishing fleets have all been suggested as possible 
causes of the elephant seal's decline in the region. 
Such explanations assume that a communal feeding ground, 
not yet identified, exists and that this exerts some 
common influence on the species' population dynamics. 
As such, study of both the elephant seal's spatial and 
temporal distribution during its pelagic phase is 
extremely important. Recent South African research in 
this field has been initiated and it is hoped that this 
will help to elucidate the reasons for the observed 
decline of M. leonina in the southern Indian Ocean. 

Ce document decrit les conclusions de recherches 
entreprises essentiellement par l'Afrique du Sud (et 
incorporant des resultats obtenus par la France et 
l'Australie) sur l'elephant de mer du Sud (Mirounqa 
leonina) dans la province de Kerguelen (ocean Austral). 
Les sous-populations de cette espece ont diminue dans 
les lIes Kerguelen, Marion, Prince Edouard et Heard. 
Des etudes demographiques menees au cours de la phase 
terrestre des animaux n'ont pu expliquer cette baisse 
qui a egalement touche le stock de l'Ile Macquarie comme 
il vient d'etre confirme. La disponibilite de 
nourriture, la concurrence avec les populations 
d'otaries en rapide croissance et la concurrence avec 
les flottes de peche ont ete suggerees comme causes 
possibles du declin de l'elephant de mer dans la 
region. De telles explications supposent l'existence 
d'un secteur d'alimentation commun (qui n'a pas encore 
ete identifie) ayant la meme influence sur la dynamique 
demographique de l'espece. L'etude de la repartition 
spatiale et temporelle de l'elephant de mer au cours de 
sa phase pelagique est donc extremement importante. De 
recentes recherches sud-africaines dans ce domaine ont 
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ete engagees et il est permis d'esperer qu'elles 
aideront a expliquer les raisons de ce declin de ~ 
leonina dans l'ocean Indien sud. 

Resumen 

Este documento describe los resultados de los estudios 
en su mayor parte sudafricanos (incluyendo algunos 
resultados franceses y australianos), sobre el elefante 
marine austral (Mirounqa leonina) en la provincia de 
Kerguelen del Oceano Austral. Las subpoblaciones de 
esta especie han declinado en las islas Kerguelen, 
Marion, Prince Edward y Heard. Los estudios de 
poblacion durante la fase terrestre de los animales no 
han podido explicar esta declinacion observada, la cual 
tambien ha sido confirmada recientemente para la reserva 
de la is la Macquarie. Tanto la disponibilidad de 
alimentos como la competencia con las rapidamente 
crecientes poblaciones de focas peleteras y la 
competencia con las flotas pesqueras, han sido sugeridas 
como causas posibles de la declimacion del elefante 
marine en la region. Tales explicaciones suponen que 
existe un terreno de alimentacion comunitario, aun no 
identificado, y que esto ejerce cierta influencia comun 
sobre la dinamica de la poblacion de las especies. Como 
tal, el estudio de las distribuciones tanto espacial 
como temporal del elefante marine durante su fase 
pelagica es extremadamente importante. Se ha iniciado 
recientemente una investigacion sudafricana en este 
campo y se espera que esto ayudara a dilucidar las 
razones de la declinacion observada de M. leonina en el 
Oceano Indico austral. 

Pe310Me 

B :ilTOM pa60Te omrcaHbI pe3YJlbTaTbI liCCJleAOBaHliM 

B OCHOBHOM IO>KHoM ACPPliKli (BKJIlOtfaJf HeKoTopble 

pe3YJI bTaTbI, nOJIY'leHHbIe cppaHl.{Y3CKliMli li 

aBCTpaJIliMCKliMli Y'leHbIMli) no IO>KHOMY MOPCKOMY 
CJIOHY (Mirounga leonina) B 06JIaCTli 

KepreJIeHa. IO>KHbIM OKeaH. nOAlIOnYJIJfl.{lili 3Toro 
BliAa COKpaTliJIliCb B paMoHe OCTPOBOB KepreJIeH, 

MaplioH, npliHl.{ 3AyaPA li X3PA. MccJIeAOBaHliJf 
nonYJIJfl.{liH: BO BpeM5I Ha3eMHOH: cpa3bI >Kli3Hli 3TliX 

>KliBOTHbIX He CMOrJII1 06b5lCHliT b Ha6JIIOAaBllierOC5I 

liCTOII\eHliH 3anaCOB. nOATBep>KAeHHOro HeAaBHO li 

AJIJf 3anaca OCTpOBa MaKyopli. .l{OCTYIlHOCT b IlliIqli, 

KOHKypeHl.{liJf C 6bICTPO paCTYIqliMli IlonYJIJfl.{li5lMli 

MOPCKliX KOTliKOB li KOHKypeHl.{li51 C npOMbICJIOBbIMli 
cpJIO TliJIli JfMli Bce 3TO 6bIJIO IlpeAJIO>KeHO B 

Ka'leCTBe B03MO>KHhlX npli'lliH COKpaIqeHliJf 
'lliCJIeHHOCTli MOPCKliX CJIOHOB B BTOM perliOHe. 

TaKlie 06b5lCHeHli51 IloApa3YMeBalOT HaJIli'llie 06IqeH: 

nliIqeBOH: 6a3bI (noKa He 06HapY>KeHHOH:), KOTOpa5l. 
B CBOIO O'lepeAb, OKa3bIBaeT 06Iqce BJIliHHlie Ha 
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AI1HaMI1J<:Y nOnYJIHL{1111 3TI1X BI1AOB. B TaJ<:OM CJIY'Iae 
qpe3BWqaHHO Ba~HWMI1 HBJIHIDTCH I1CCJIeAOBaHI1H 
npOCTpaHCTBeHHOrO 11 BpeMeHHOrO paCnpOCTpaHeHI1H 
MOPCJ<:I1X CJIOHOB BO BpeMH neJIarl1QeCJ<:OH cpa3bl I1X 
~113HI1. HeAaBHO 6blJIO HaQaTO npOBeAeHl1e iOJKHOH 
ACPPI1J<:OH I1CCJIeAOBaHI1H B 3TOH 06JIaCTI1, 11 I1MeeTCH 
HaAG~Aa Ha TO, QTO 3TO nOMo~eT BblHBI1T b npl1QI1Hbl 
Ha6JIIDAaBWerOCH cOJ<:pa~eHI1H QI1CJIGHHOCTI1 ~ 
leonina B ~HOH QaCTI1 MHAI1HcJ<:oro OJ<:eaHa. 
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SOUTHERN ELEPHANT SEALS AND CCAMLR 

The southern elephant seal Mirounga leonina breeds on islands on 

both sides of the Antarctic Convergence and comprises three stocks - these 
being referred to as the South Georgia, Macquarie and Kerguelen stocks. 

The last includes not only elephant seals of the Kerguelen archipelago, but 

also those found at Heard, Marion and Prince Edward Islands, Iles Crozet 

and Amsterdam and st. Paul Islands. 

Two pelagic (feeding) and two terrestrial (fasting) phases can be 

distinguished in the annual cycle of at least the adult breeding elephant 

seals. 

TERRESTRIAL PHASE 

The number of breeding elephant seals has been declining at least 

since 1970 at the prince Edward Islands (Marion Island), Heard Island, Iles 

Crozet (Ile de la Possession) and Iles Kerguelen (Peninsula Courbet). 

These decreases are all of the same order varying from 2.5% (Heard; 1949 -

1985) to 4.6% a- 1 (Marion; 1973 - 1986) for adult cows. The reason for 

this decline is obscure and it is possible that factors implicated in these 

trends may vary with subpopulations. 

At Iles Kerguelen, on the other hand, the population decline since 

1970 may be part of a long-term fluctuation in the breeding population size 

related to density as the degree of long-term fluctuation in cow numbers 

increased with density. 

Based upon censuses of parts of the coastlines, both the Kerguelen 

and Marion elephant seal breeding populations have shown a change in the 

adult sex ratio in favour of cows, which suggests a selective removal of 

bulls during their pelagic phase. On the other hand, whole island censuses 

(Marion) suggested that both cows and bulls declined at the same rates. 
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Factors responsible have not been identified. populations of 

subantarctic fur seals Arctocephalus tropicalis and/or Antarctic fur seals 

Arctocephalus gazella, sharing the island habitats with the elephant seals 

during the austral summer, do not compete with them on land as they are 

spatially and temporally separated during their breeding season. 

PELAGIC PHASE 

Killer whales Orcinus orca are abundant around Marion Island and 

lIe de la Possession and show a regular annual visitation cycle closely 

related to the seasonality in occurrence of elephant seals. They may have 

contributed to the decline of elephant seals. This appears not to be the 
case at lIes Kerguelen where killer whales were seldom seen and the 

magnitude of the decline of elephant seals suggests that other factors, for 

example the availability of food, are involved. 

The diet and foraging behaviour of elephant seals, both 

geographically and with respect to the position in the water column, are 

poorly known. It has generally been accepted that elephant seals consume 

approximately 75% squid and 25% fish, feeding mainly on fish in inshore 

waters and on cephalopods elsewhere. The large, rapidly expanding A. 

tropicalis population at Marion Island which feeds on fish, cephalopods and 

euphausiids may be competing with the declining elephant seal population, 

especially with the newly independent underyearling elephant seals in the 

local oceanic zone. Underyearling elephant seals appear to spend most or 

their summer reasonably close to the island after attaining nutritional 

independence and are probably in competition with the fur seals, many of 

which make short feeding trips throughout the summer. At lIes Kerguelen 

and Heard Island, however, the fur sealsA. gazella population is unlikely 

to compete; it is small and may well utilise a different food resource; for 

example at South Georgia it feeds largely on krill. On the other hand, 

whereas no commercial exploitation of fish takes place around the Prince 

Edward islan9s and lIes Crozet, commercial catches of fish on the Kerguelen 

shelf area may have contributed to the downward trend in elephant seal 

numbers since 1970 through a reduction in food availability. 
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The initial standing stock of fish for the Kerguelen Shelf area 

(50 000 km2
) was estimated to be in excess of 230 000 t and with a maximum 

sustainable yield (MSY) of 80 000 t per annum compared with recently 

suggested standing stock of only 130 000 t and a MSY of about 20 000 t. 

Both estimates are far below the 394 000 t of fish the Kerguelen 

subpopulation of elephant seals would consume annually using a population 

estimate of 157 000 and published biomass and food consumption estimates of 

fish stocks need revision, and it seems premature to attribute the declines 

in elephant seal numbers at lIes Kerguelen to overfishing in the vicinity. 

Although elephant seals move widely about the oceans, as evidenced 

by their visits to the continents abutting on the Southern Ocean, and 

penetrate both tropical and Antarctic waters, a tendency for small 

immatures of both sexes to disperse widely from their natal island(s) 

within the Kerguelen province in the vicinity of the Antarctic Convergence 

seems to exist. Sub-adult and adult bulls of 5 a and older, and ther~fore 
at or after the growth spurt associated with puberty in the male show a 

southward displacement into colder water as demonstrated by their presence 

in the Vestfold Hills, 2 000 km distant from lIes Kerguelen which is the 
most northerly known source of southern elephant seals. 

A non-directional dispersal of elephant seals throughout the 

circumpolar feeding zone during winter, and concentration on the breeding 

and moulting sites in summer were assumed in the past but the recorded 
annual return of some individuals to the Vestfold Hills and movement (an 

assumed return) of others from there to lIes Kerguelen however, suggest a 

two-way directional migration for at least part of the population. 

In looking for some common factors responsible for the observed 

declines in the elephant seal subpopulations in the Kerguelen Province, we 

can suggest two possibilities: first, that the factor(s) responsible for 

the decline is acting simultaneously, and possibly independently, at or 

near each of the breeding islands when the subpopulations are gathered 

during spring and summer; and second, that the factor is operating at some 

other location, such as a common feeding ground, where the subpopulations 

may mingle in winter. Also, it can be hypothesized that large sized 
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elephant seals, i.e. older sub-adult and adult bulls, in this extremely 

sexually dimorphic species range over and feed in marine areas segregated 

from adult cows and younger (smaller) age classes of both sexes and may 

therefore be affected differently by environmental conditions. This 

postulate is important in view of the proposed selective removal of bulls 
during their aquatic phase, the overall decline in breeding population 

sizes and self-regulating population model advocating security of the fully 

adult population as being the key to persistence. 
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WG-CEMP-87/15 

ARCHIVAL AND SATELLITE-LINKED DATA RECORDERS 

R.D. Hill 
(USA) 

Abstract 

This paper provides an overview of currently-available 
data recorders for use in research on marine animals. 
These recorders are deployed on freely swimming animals 
and gather data on aspects of an animal's diving 
behaviour. The records can be recovered in one of two 
ways: the data recorder must either be recovered 
intact, or the data recorder must be capable of 
disseminating its data via a radio link, such as the 
ARGOS satellite system. Recorders can be further 
subdivided into raw-data and processed-data recorders. 
Raw-data recorders keep a complete record of the diving 
parameters of interest and thus produce extensive 
records, whereas processed-data recorders only report 
summary statistics which may be quite brief. Due to the 
limited data-handling capacity of the ARGOS satellite 
system, most satellite-linked recorders will necessarily 
report processed data. 

Ce document presente une vue d'ensemble des 
enregistreurs de donnees actuellement disponibles et 
pouvant etre utilises dans les travaux de recherche sur 
les animaux marins. Ces enregistreurs sont utilises sur 
les animaux nectoniques et permettent de recueillir des 
donnees sur certains aspects concernant la conduite de 
plongee d'un animal. Les enregistrements peuvent etre 
recuperes de deux fa~ons : l'enregistreur des donnees 
doit etre recupere intact, ou bien il doit etre capable 
de disseminer ses donnees par une liaison radio, telle 
que le systeme de satellite ARGOS. Les enregistreurs 
peuvent etre egalement divises en enregistreurs de 
donnees brutes et en enregistreurs de donnees traitees. 
Les enregistreurs de donnees brutes conservent les 
releves complets des parametres de plongee presentant un 
interet et produisent ainsi des releves abondants, alors 
que les enregistreurs de donnees traitees ne fournissent 
que des statistiques recapitulatives qui peuvent etre 
assez breves. Vu la capacite de traitement limitee du 
systeme de satellite ARGOS, la plupart des enregistreurs 
relies a un satellite ne pourront procurer que des 
donnees traitees. 
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Resumen 

Este documento provee una resena general de los 
registradores de datos disponibles actualmente para uso 
en la investigacion sobre animales marinos. Estos 
registradores son desplegados en animales que nadan 
libremente y recopilan datos sobre los aspectos del 
comportamiento de zambullida de un animal. Los 
registros pueden ser recuperados mediante una de las 
siguientes dos maneras : el registrador de datos de be 
ser recuperado intacto, 0 bien el registrador de datos 
debe ser capaz de diseminar sus datos a traves de una 
conexion radial, tal como el sistema de satelites 
ARGOS. Los registradores pueden ser subdivididos ademas 
en registradores de datos en bruto y en registradores de 
datos procesados. Los registradores de datos en bruto 
mantienen un registro completo de los parametros de 
zambullida de interes y producen por 10 tanto registros 
extensos, mientras que los registradores de datos 
procesados solo informan estadisticas resumidas, que 
pueden ser relativamente breves. Debido a la limitada 
capacidad de manejo de datos del sistema de sat,elites 
ARGOS, la mayor parte de los registradores enlazados por 
satelite necesariamente informan datos procesados. 

Pe310Me 

B aTOI1 pa60Te AaeTcH 0630P IMelOlIl"xCH B 
HacToHlI.{ce BpeMH perl1c'I'pa'l'OpOB AaHHbIX, KOTopble 
MO~HO I1cnonb30BaTb B I1ccneAoBaTenbcKl1x pa60Tax 
no MOPCKI1M ~I1BOTHbIM. 3'1'11 perl1CTpaTOpbI 
npl1KpennHIOTcH K cBo6oAHO nnaBaJOlltl1M ~I1BOTHbIM 11 
co611palOT AaHHbIe 110 pa3nl14:HblM acneKTaM I1X 
nOBeAeHI1H HbIPHHI1H. 3aperl1CTpl1pOBaHHbIe AaHHbIe 
MorYT 6blT b 110nY4:eHbl OAHI1M 113 cneAYlOlIl11X ABYX 
cnoco60B: perl1CTpaTOp AaHHbIX Aon~eH 6bITb 
110nY4:eH 06paTHO HenOBpe~AeHHbIM I1JII1 perl1CTpaTOp 
AaHHbIX Aon~eH 6bITb cnoco6eH I1CpeAaBaTb 
I1MelOlIlYIOCH Y Hero I1H~opMa4111O no paAl1o, 
Hanpl1Mep, tfepe3 CI1CTeMY CIIYTHI1KOBOI1 CBR311 
ARGOS. ~anee, perl1CTpaTOpbI AaHHbIx MorYT 
nOApa3AenHTbCH Ha perl1CTpaTOpbI Heo6pa6oTaHH0I1 
11 perl1CTpa'l'OpbI o6pa6oTaHH0I1 I1H~opMa41111. 
Perl1CTpaTOpbI Heo6pa6oTaHH0I1 I1H~opMa41111 xpaHRT 
nonHYIO 3anl1Cb npeACTaBnHlOlIll1x I1HTepec 
napaMeTpOB nOBeAeHI1H HbIPHHI1H 11 cneAOBaTenbHO 
BblAalOT 60nblUoe KOnl1tfeCTBO AaHHbIX, TorAa KaK 
perl1CTpaTOpbI o6pa6oTaHH0I1 I1H~opMa41111 nepeAalOT 
TonbKO CTaTI1CTl1tfeCKYIO CBOAKY, KOTopaH Mo~eT 

6bITb AOBonbHO KpaTKOI1. B CBH311 C TeM, tfTO 
B03MO~HOCTM CI1CTeMbl cnYTHI1KOBOI1 CBH311 ARGOS 
B nnaHe nepeAatfM I1H~opMa41111 OrpaHM4:eHbl, 
60nblUI1HCTBO nOAKnlOtfeHHblX K CI1CTeMe cnYTHMKOBOI1 
CBH311 perl1CTpaTOpOB no Heo6xOAMMOCTM 6YAeT 
nepeAaBaTb o6pa6oTaHHYIO I1H~opMa~l1lO. 
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ARCHIVAL AND SATELLITE-LINKED DATA RECORDERS 

Roger D. Hill 
Wildlife Computers 

~0630 NE 150th Street 

Woodinville, WA 98072 USA 

This paper is intended to be an introduction into techniques of 

remote data acquisition of diving behaviour of marine animals. The 

discussion is divided into two sections : Archival Recorders, which are 

attached to the animal of interest and subsequently recovered together with 

the stored data, and Satellite-linked Recorders, wherein the instrument is 

attached to an animal and data recovery and/or geolocation are provided by 

the ARGOS Satellite system. Use of either type of recorder allows diving 

behaviour to be investigated 24 hours a day for periods of days to months 
with little or no intervention on the part of the investigator. Examples 

of uses of data recorders might include gathering information on foraging 

strategies such as feeding depth, dive durations, and diving surface time 

ratios, both between individuals and between years. 

SECTION I. ARCHIVAL DATA RECORDERS 

An archival recorder is an instrument which gathers data (.e.g. 

depth, temperature) about an animal of interest and stores these data until 

the animal is re-captured and the instrument is recovered. The data are 

then extracted from the recorder which may be re-useable. The earliest 
archival data recorders were of mechanical design and fall into two 

distinct categories : Raw-data recorders, and Processed-data recorders. 

More recently the electronic equivalents of these two types of recorders 

have become available. 

A raw-data recorder is one in which the original data are recorded 

verbatim and thus the precise behaviour of the animal under investigation 

can be re-created. Processed-data recorders perform some manner of data 

reduction and report summary statistics of the animal's behaviour. 
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The archival recorders that have been deployed thus far generally 

measure the depth of diving animals, although they are not necessarily 

limited in this respect; units have been used which also measure swimming 

speed, sea-water temperature, and physiological parameters of the diving 

animal. 

Mechanical Raw-data Recorders 

This type of recorder is typified by the film time-depth recorder 

produced by Meer Instruments (1,2). This instrument records dive profiles 

onto photographic film : increasing pressure due to diving causes an arm 

containing a small light source to track across the width of the film while 
an electric motor advances the film at a steady rate. ·.,The film must 

sUbsequently be developed and the dive profiles digitized before any 

analysis can be performed. The instrument provides continuous data 

recording for approximately 11 days with a time of resolution of 30 

seconds. The design's main advantage is good data integrity - nothing can 

destroy the gathered data unless the pressure housing is ruptured. The 

disadvantages are that the unit is large (250rnrn by 50rnrn dia.) and heavy 

(700g), and data recovery and analysis are labour intensive. 

Mechanical Processed-data Recorders 

These recorders have been pioneered by Wilson and Bain (3,4) and 

provide time-at-depth or time-at-speed records. The principle of both 

units is the same : a radioactive bead is made to move over a piece of 

photographic film as a result of the depth or speed stimulus. The longer 

the animal spends at a given depth (or speed), the greater the exposure of 

the film at the corresponding location. Thus the relative exposure of the 

film at different depth (or speed) locations provides a measure of the 

relative time spent at those depths (or speeds). These instruments are 

very inexpensive to produce and are small and light in weight, but they 

require careful analysis to extract the data which are generally 

approximate. 
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Electronic Raw-data Recorders 

These instruments were pioneered by Hill (5) for physiological 

studies on Weddell seals in the Antarctic. They consist of miniaturized 

computers which sample data at pre-set intervals and store the data into 

memory (RAM) for subsequent recovery. The only currently commercially 

available unit is the Wildlife Computers Microprocessor Time-depth Recorder 

MK-III. This unit can store up to 256,000 depth readings, which is 

equivalent to one depth reading every 10 seconds for one month. Because 
the unit employs a computer to control the data sampling, certain decisions 

can be made by the computer about the data or the sampling environment to 

conserve memory. For example data sampling may be inhibited when the 

animal is hauled out onto a beach or ice-floe. The instruments can also be 
equipped with a' temperature sensor to monitor environmental temperature. 

The advantages of these units over mechanical time-depth recorders are 

smaller size (150mm by 24mm dia.), lower weight (120g), more versatile data 

sampling, and longer record length. Data recovery and analysis are also 

simpler: data are transferred directly to a personal computer, and 

immediately ready for graphing or statistical analysis. The disadvantage 

of these units is that if the batteries fail, all collected data are lost. 

Further information is available in Appendix 1. 

Two other similar instruments are being developed in Dr G. 

Kooyman's laboratory, and may become available to researchers at some 

future date. The first was developed by E. Ponganis and is slightly 
smaller than the Wildlife Computers instrument, but contains less memory 

(24K RAM vs. 256K RAM). The second is a very small instrument under 

development for studies on Murres by J. Croal. This unit will measure 

approximately 60mm by 40mm by 19mm and weigh only 25g. However, memory 

size will be limited to 8K RAM., Requests for further information on either 

of these units should be directed to Dr G.L. Kooyman, Physiological Rsearch 

Laboratory, Scripps Institute of Oceanography, La Jolla, CA 92037, USA. 
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Electronic Processed-data Recorders 

These recorders offer the smallest potential size for electronic 

recorders because little memory is required to store data. Diving data are 

summarized into counts of either number-of-dives-to or time-spent-at 

several pre-defined depth categories. One unit is currently available (the 
Maret Maximum Depth Recorder (2)), and the other is expected to be 

available in the summer of 1989 (Northwest Marine Technology (MNT) Archival 

Tag). The two units reflect very different design philosophies. Maret's 

unit is re-usable with easily replaced batteries but provides only eight 
pieces of data - the number of dives to eight different depth ranges. The 

NMT instrument will be a one-use-only instrument and employ 32K RAM to 

provide multi-dimensional histograms (e.g., simultaneous'categorization of 

dives by length and maximum depth) as well as brief records of raw data. 

Perhaps the most interesting feature of the NMT instrument is the onboard 

detection of sunrise and sunset times. These times can be used to 

determine the approximate location of an animal in the tropics. It is not 

known if such a system can be employed in the Antarctic where sunrise and 

sunset are difficult to determine. Both of these instruments are small and 

light in weight (particularly the NMT unit), but require either a dedicated 

read-out unit (Maret) or return to the manufacturer for read-out and 

location analysis (NMT). Further information on these units is provided in 
Appendix 1. 

SECTION II. SATELLITE-LINKED RECORDERS 

One of the major limitations of the archival recorders discussed 

in the previous section is that they must be recovered. Satellite-linked 

recorders overcome this problem by transmitting data through the ARGOS 

Stellite system (the only currrently available satellite for Antarctic 

work). This technique iS'not without its problems for marine animals, 

however, and the instruments which can use the ARGOS system on seals and 

whales are still under development. The second, and perhaps the most 

important advantage of satellite-linked recorders is the potential for 
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geolocation of the animal. The details of the ARGOS system and the 
transmission requirements for geolocation are discussed elsewhere, and this 

paper will discuss how those inherent limitations will affect the use of 

the ARGOS system for tracking and recovering data from marine animals. A 

recent workshop studied these problems in relation to large cetaceans, and 

is included as Appendix 2. 

The transmission requirements of the ARGOS system require that 

1 watt transmissions be used. This defines the size of the batteries 

required to provide such power in the Antarctic cold, and the minimum 
battery configuration has been determined to be three Lithium "c" cells. 

The smallest transmitter commercially available measures approximately 50mm 

by 80mm by 13mm (Telonica, Mesa, Arizona USA), so this makes the smallest 

complete instrument measure approximately 100mm by 100mm by 35mm after 
allowing for a pressure housing. Obviously this is too large for small 

penguins, but could be carried by all Antarctic seals and possibly by some 

whales (see Appendix 2 for discussion of attachment mechanisms for whales). 

Obtaining Geolocation Data 

The ARGOS system requires a minimum of three complete 

transmissions in one satellite pass before a geolocation can be determined. 

This presents no problem for a seal hauled out on a beach or ice-floe, but 

makes geolocation of any animal in the water difficult for the following 

reasons : 

1. Three transmissions must reach the satellite. A message will not be 

received unless the antenna is clear of the water. Careful positioning 

of instruments is thus vital. 

2. Partial messages are ignored by the satellite. This problem can be 

reduced by only sending the minimum data (four bytes). This makes the 

transmission as short as possible and reduces the chance of 

interruption by diving, breaking waves, etc. 
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3. Transmissions must span a period of 5-10 minutes. The minimum 

inter-transmission interval is 40 seconds. However three successive 
transmissions at this interval will rarely provide ARGOS with 

sufficient data to perform a geolocation; ARGOS requires transmissions 

throughout a pass of the satellite to geolocate reliably. The animal 

under investigation should thus spend at least five minutes at the 
surface or take short dives so that transmissions can be performed on 

successive surfacings. This could present a problem for certain 

animals whose diving behaviour is incompatible with these limitations 

(e.g., elephant seals). 

Obtaining Diving Data 

The message length of the ARGOS system (four to 32.pytes per 
transmission) makes transmission of raw data impractical; processed data 

are obviously required. If the processing can reduce the data to four 

bytes, then diving data can be recovered with no additional problems over 

those discussed for geolocation only. If, however, more data are needed, 

then the transmission can be expanded to 32 bytes. The penalty for this is 

that the transmission time is longer (1 second vs. 0.3 second) and thus the 

chance of interrupted transmissions is increased. This may make such 

transmissions from an animal in the water so unreliable that no data are 
recovered. At this time I would recommend that only minimum-duration (four 

byte) transmissions be attempted from pelagic animals. 

Diving data can be recovered from seals by using an archival 

recorder coupled to a satellite transmitter. The archival recorder gathers 

and processes dive data from the seal when it is in the water and these 

data are "parcelled" out, 32 bytes at a time, when the seal hauls out onto 

ice or a beach. There are several ways that data can be compacted so that 

usable information can be gleaned from 32-byte transmissions. These 

include partitioning data into bits or nibbles (four-bit units) where 

possible I and equipping each a.nimal with several identification codes so 

that more than one message can be transmitted per satellite pass. Such 

data organisation requires rather sophisticated computer manipulation in 
addition to the primary data reduction mentioned before under 

Processed-data Recorders. 
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The ideal instrument would be able to perform the function of 

transmitting archived data when the animal is hauled out in addition to 
providing geolocations when the animal is pelagic. If large amounts of 

data need to be transmitted, the "c" cells specified earlier may become 

inadequate and the package must grow to hold larger batteries. Such a unit 

could no longer be carried by a fur seal without affecting its behaviour 
and possibly its survival. 

LITERATURE CITED 

(1) GENTRY, R.L. and G.L. KOOYMAN, eds. 1986. Fur seals: maternal 

strategies on land and at sea. Princeton University Press, Princeton, 
New Jersey, 291 pp. 

(2) KOOYMAN, G.L., J.O. BILLUPS and W.D. FARWELL. 1982. Two recently 

developed recorders for monitoring of diving activity at sea. In 

MacAlister, A.G. and I.G. Pride (eds.), Experimental Biology at Sea, 
Academic Press, New York. 

( 3) WILSON, R.P. and C.A.R. BAIN. 1984. An inexpensive depth gauge for 
penguins. J. Wildl. Manage., 48(4) : 1077-1084. 

(4) WILSON, R.P. and C.A.R. BAIN. 1984. An inexpensive speed meter for 
penguins at sea. J. Wildl. Manage., 48(4) : 1360-1364. 

(5) HILL, R.D. 1986. Microcomputer monitor and blood sampler for free 

diving Weddell seals. J. Appl. Physiol., 61(4) : 1570-1576. 

(6) CAIRNS, D.K. et al. 1987. Electronic activity recorder for aquatic 
wildlife. J. Wildl. Manage., 51(2) 395-399. 



- 484 -

Table 1. Comparison of raw- to processed-data recorders 

Raw 

Retains original data 

Few assumptions about diving 

behaviour prior to deployment 

Generally larger 

Anomalies or malfunctions 

may be easily identified 

Potentially massive amount of 

data requiring subsequent 

graphing and analysis 

Processed 

stores summarized data 

Requires prior knowledge of 

diving behaviour to gain maximum 

information 

Generally smaller 

Anomalies or malfunctions 

impossible to recognise 

Small amount of data 

requiring little further 
analysis 
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Table 2. Simple processed-data diving recorders 

(all can be "home-made") 

Dimensions (mm) 

Weight (g) 

Medium 

Cost 

Data recovery 

Reference 

penguin 

depth 

70x45xl0 

30 

film & radio­

active beads 

< US$ 10 

develop film 

(3) 

penguin 

speed 

45x12 dia 

5 

film & rad~ 

~­active beac::::"l ~ 

< US$ 5 

develop fi::t...~ 

(4) 

Time-budget 
recorder 

35x25x18 

7.5 

digital watch 

< US$ 20 

direct obs 

(6) 



Table 3. Complex archival diving recorders 

Supplier I Meer Wildlife Wildlife Kooyman Kooyman Maret NMT 

Comp. I Camp.III Ponganis Croal 

Size (mm) 220x50 140x65x30 150x25 150x25 60x40x19 125x29 100x17 

Weight (g) 700 340 120 200 25 112 23 

Medium photo 48K 64-256K 24K 8K 8 32K 
film RAM RAM RAM RAM counters RAM "" co 

(J'> 

Cost (US$) 2000 700* 1000-1300 * * 2000 2500* 

Data develop personal personal personal personal dedicated return 

recovery film & computer computer computer computer read-out to mfr 
digitize unit 

* not currently commercially available 
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WG-CEMP-87/15 

Leqendes des tableaux 

comparaison des enregistreurs de donnees brutes et de 
donnees traitees. 

Enregistreurs de plongee simples pour donnees traitees (on 
peut fabriquer soi-meme tous ces appareils). 

Enregistreurs de plongee complexes pour archivage. 

Encabezamientos de las Tablas 

comparaciones de los registradores de datos en bruto con 
los de datos procesados. 

Registradores de inmersiones de datos procesados sencillos 
(todos pueden ser de fabricacion casera). 

Registradores de inmersiones de archivo complejos. 

3aronOBKH K Ta6nHuaM 

CpaBHeHHe perHcTpaTopoB Heo6pa6oTaHHWX H 
o6pa6oTaHHWX AaHHwx. 

npOCTwe perHcTpaTopw o6pa6oTaHHWX AaHHwx 0 
nOBeAeHHH HWPRHHR (Bce perHcTpaTopw MO~HO cAenaTb 
caMHM) . 

CnO~Hwe apxHBHwe perHcTpaTopw AaHHhlx 0 nOBeAeHHH 
HblpRHHR. 
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APPENDIX 1 

P.oger D. Hill, D. Phil. 
Suzonne E. Hill, Ph. C 

(206) 881-J04 

Microprocessor-controlled T1me-Depth Recorder MK-III 

General Description 

The Wildlife Computers time-depth recorder is a miniature 
computer designed to gather data on depth, temperature and up to one 
further user-defined variable. Data are sampled at user-specified 
time intervals and stored into memory. These stored data are 
transferred to a personal computer via an inexpensive serial 
interface when the instrument is recovered. The instrument is 
mounted in an anodized aluminum pressure housing, and includes a 
conductivity switch so that data sampling can be inhibited when the 
animal hauls-out onto a beach or ice floe. 

Technical Specifications 

» Sampling rates from I per second to I per 255 minutes; specified by 
user at time of deployment. 

» Crystal Controlled clock to ensure accurate time-base. 

» Conductivity switch to determine haul-out periods. 

» Up to 8 different sampling protocols may be defined which are 
invoked under specified conditions of depth and/or conductivity 
<in/out of water). 

» 3 standard depth ranges: 
o - 250 m, resolution 1 m 
o - 500 m, resolution 2 m 
o - 1500 m, resolution 6 m 

» Unit may be cycled on and off to extend sampling period. Cycle 
periods, from minutes to days, are specified at time of deployment. 

» Memory size from 64 KSytes to 256 KBytes. 

» Wide operating temperature: -20°C to +35°C. 

» Simple serial interface to personal computer at rates from 300 to 
38,400 baud. 

» Full documentation of data format to enable user to write analysis 
software. 
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» Sufficient power to take 1 million readings and store up to 256 
KBytes for) 1 year. 

» Units optionally provided with 2 depth ranges to provide wide depth 
range with higher resolution at shallow depths. 

» optional temperature channel: -SaC to +20 o C, resolution O.loC. 

» Standard housing of anodized aluminum: optional titanium housing 
available (approx. 200 g). 

»Size: 150 mm by 25 mm diameter. 

»Weight: 120 g (standard housing). 

» Prices from use 1000 for 1 channel, 64 KByte instrument. 

» Specialized variations can be produced; contact us. 
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MARET CONSULTING SERVICES APPENDIX 2 

'1. Maret. MO. 
dent 

MAXIMUM DEPTH RECORDER 

General Description 

The maximum depth recorder is a miniature, digital, eight compartment recorder 
that stores either the number of times that a preset series of pressure 
thresholds have been exceeded or the total duration of time spent at or below 
preset depth thresholds. Every time that the output of a precision pressure 
transducer exceeds the pressure threshold of any of eight preset and equally 
spaced compartments, a new count is incremented in these compartments thus 
creating a histogram plot. The instrument may also be used in the 
Time-At-Depth mode so that the total time spent at each particular depth is 
recorded in ten second increments. 

The instrument is deployed as a long term data recorder and is useful in 
gathering physiological and ecological information on the diving behaviour of 
marine mammals and birds. It may also be used as a safety monitor in human 
dives where it is of interest to monitor the total time at depth for any 
particular diver. The instrument must be recovered from the animal or man, 
but data read out can be effectively accomplished within a few minutes by 
connecting two ribbon cables to an external data processor. The instrument 
has been successfully used in the field on seals and penguins in the 
Antarctic. 

Features and Specifications 

i~-

* 

22 Integrated Circuits, 1 Miniature Crystal. All integrated 
circuits are surfaced mounted construction for increased relia­
bility, capability of future repair, small size and low weight. 

Timing is crystal controlled for stable time-base frequency generation. 

Anodized, aircraft quality, aluminum pressure vessel and bulkhead. 

Wide operating temperature: _200 to +35 0 Centigrade. 

3 multi-layered circuit boards in a stacked construction for maximum 
component density. 

Battery box made from polycarbonate with gold plated contacts for 
increased reliability. 

System connection to processor via two ribbon cables terminated with 14 
pin gold-plated dual-in-line connectors. Replace~ent interconnection 
cables are inexpensive standard electronics stocked items. 

Dual Operation: ~lodes of "Time-at-Depth" or "Events-at-Depth" available. 
One mode preset at the factory but mode may be changed at a later date. 

9865 Mozelle Lane • La Mesa, California 92041 • (619) 698-9504 
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MAXHJUM DEPTH RECORDER, Page 2 

* Low power CMOS design for a minimal power consumption during data acqui­
sition. Unit goes into power conservation mode when data acquisition 
time exceeds a preset Time-Out period. This prevents total battery 
exaustion and possible loss of data from memory. 

* Time-out period is preselectable and hardwir~d at the factory in three day 
increments from 3 to 93 days,Time-out period may be changed at later date. 

* Light weight: 3.5 ounces ( 4.0 ounces with 6 li thium ba t teries ) 

* Small Size: 4.95 inches long, 1.15 inches in diameter. 

Batteries: 6 Lithium coin type batteries, Panasonic No. BR-2325. 
Total battery pack capacity 9 volts at 300 milliamperes-hours. Lithium 
batteries have extremely high energy density, long shelf life and 
excellent low temperature operational characteristics. 

Recommended transducer is Entran EPN series. These high sensitivity 
pressure transducers can be ordered in full range at 5, 15, 25, 50, 100, 
250, 500, 1000, 2500, 3500 or 5000 psi. They can normally withstand two 
times their rated pressure without damage. 

Instrument operates in pulsed mode with a 16 msec transducer on-time. 
Pulse rep~tition rate is 10 seconds in Time-At-Depth mode and also in 
Event mode when not in dive, one second sampling rate when in Dive mode. 

Calibration to pressure station via a special screw-in connector with 
built in O-Ring, Swagelock No. B-200-1-0R. 

PRICE 

Quantities: 

1 - 2 
3 - 5 
6 - 10 

$2,000.00 
1,900.00 
1,800.00 

DIGITAL READOUT PROCESSOR 

Deliveries: 

10 \veeks upon 
Receipt of order 

Order Model MDR-Processor Mk.II. This unit is also required to calibrate the 
instrument. Specifications upon request. Cost is $2500.00 
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AN.AW6 AND REWRDIN6 

iXARD VIEW 

MAXI MUM r::EPfH REiORDER. 

Recorder deployed on Gentoo penguiJl 

in the Antarctic. 
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APPENDIX 3 

Product Preview 

Archiv~l Tag for Marine Animals 

The Archival Tag is intended to gather, process, and 
record environmental data from which animal behavior can be 
deduced. In favorable cases the results can include a track 
of geographic position. The unit is presently under 
development, and the specifications given below are targets. 
Potential users who have additional requirements are 
encouraged to contact NMT, Inc. 

Data Taken: 
Pressure 
Temperature 

o - 500 Meters depth 
-5 to 35 Celsius 

Light (460NM) 
Auxiliary Sensors 

5 Decades including full sun 
A.C. conductance 

Light intensity is measured at an optical diffuser 
on a stalk extending from one end of the unit. Temperature 
is measured at the end of the stalk and also internally to 
the unit. Auxiliary resistive sensors may be connected, and 
will be excited with A.C. 

Onboard Processing: 
{llgo'rithms are provided for determining time of sunrise 

and sunset, and for characterizing the temperature structure 
of the upper ocean. User-defined programs may be included 
to expand the pre-defined capabilities. 

Data recording: 
N-dimensional histogram, time 

time seriea options are provided. 
others. 

series, and telescoping 
User programs may define 

Memory Size: 
32K Bytes user space. 

Lifetime: 
Multi-year. 

Physical Details: 
Diameter 17mm, length 100mm, neutrally buoyant. 

is hermetically sealed, corrosion resistant, and 
biologically compatible for implantat~on. 

For further information, contact Northwest Marine 
Technology, Inc., Shaw Island, Washington, 98286, USA. 
Telephone (206) 468-3375 

Case 
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TELEMETRY MONITORING OF ECOLOGICAL RESOURCES 

V.B. Kuechle 
(USA) 

Abstract 

WG-CEMP-87/16 

Current status of telemetry and location monitoring are 
discussed. Limitations on weight, communication range 
and service life are indicated. A general description 
of attachment methods and their limitations is given. 
Three automatic tracking system options are described. 
Several data recording methods are available including 
paper recorders and data recording using microprocessors 
with semiconductor memory. Satellite monitoring using 
the Argos/Tiros system and satellite transmission of 
data are also covered. 

L'etat actuel de la telemetrie et du controle des 
positions fait l'objet d'une discussion. Les 
limitations concernant le poids, la portee de la 
communication et la longevite sont indiquees. Une 
description genera le des methodes de fixation et de 
leurs limitcs est (Jonnee. Trois options de systemes de 
tracking automatiques sont decrites. Plusieurs methodes 
d'enregistrement de donnees sont disponibles, notamment 
des enregistreurs sur bande et des enregistrements de 
donnees utilisant des microprocesseurs avec une memoire 
a semi-conducteurs. Le controle par satellite utilisant 
le systeme Argos/Tiros et la transmission des donnees 
par satellite sont egalement discutes. 

Resumen 

Se trata el estado actual de la telemetria y el control 
de la ubicacion. Se indican las limitaciones en cuanto a 
peso, distancia de comunicacion y tiempo de vida util. 
Se da una descripcion general de los metodos de fijacion 
y sus limitaciones. Se describen tres opciones para un 
sistema de localizacion automatica. Se dispone de 
varios metodos de registro de datos, incluyendo los 
registradores de papel y el registro de datos usando 
microprocesadores con memoria de semiconductores. Se 
cubre tambien el control p~r satelite usando el sistema 
Argos/Tiros y la transmision de datos por satelite. 



- 496 -

Pe310Me 

06cymAaeTcH COBpeMOHHoe COCTOHHMe 
ToneMeTpMqeCKOrO M nOKBQMOHHoro MOHMTopMHrB. 
YKB3blBBIOTCH OrpBHMqeHMH Beca, AanbHOCTM CBH311 
M cpOKa cnym6bl BnnapaTYPbl. .l(aeTcH o61I\oe 
onMCBHMe cnoc060B BBOAa B 3KcnnyaTBQMIO Tako~ 
annapBTYPbl 11 MX OrpBHl1qeHM~. .l(aeTcH Onl1CaHMe 
Tpex pB3nMqHblX CMCTBM aBTOMaTl1qOCKOrO 
cnemOHMH. MMceTCH HeCKonbKO MeTOAoB 
perl1CTpaQI1M ABHHhIX, BKnlOqaH IHlmYII\Me 
perMCTpaTopbl M perMCTpaQl110 ABHHblX C 
MCIIonb30BBHI1eM MHKponpOQeccopOB C llaMHTblO Ha 
nOJlynpoBoAHHKax. OXBaqeHhl TaKme MOHWrOpMHI' co 
CIlYTHMKOB C MCIlonb30BaHHeM CMCTeMbI 
Argos/Tiros H lIepeAaqa ABHHblX 110 CHCTeMe 
CIlYTHHKOBOA CBH3M. 
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TELEMETERY MONITORING OF ECOLOGICAL RESOURCES 

V.B. Kuechle 
University of Minnesota1 

Since the introduction of the commercial transistor in the late 

1950s, the application of electronics to the monitoring of biological 

parameters in wildlife has steadily progressed. Although some early remote 

sensing was done using subminiature electronic tubes, the first widespread 

application was location monitoring of animals in the mid 1960s. 
Monitoring activity has steadily increased since that time with an increase 

in numbers and types of parameters monitored. Today measurements can also 

be made using satellites to directly monitor or relay data. progress is 

also being made in storing telemetered data for later retrieval and 
analysis. This paper discusses those recent advances with emphasis on 

possibilities for application to remote sensing of marine resources. 

Radio Location Tags 

The most prevalent use of radio tracking is the application where 

a radio marker beacon is attached to an animal and the animal then 

relopated using a directional antenna and receiver2. Data are usually 
recorded manually on paper by the observer. These data are then usually 

entered into a computer for data analysis. Some users enter their data 

directly into battery powered portable computers for later off-loading to a 

larger computer for data analysis. This technique eliminates the step of 

transferring data from paper to a computer. Error checks may also be 

included in the portable computer program ~o allow the observer to 

immediately recheck a data point in the field if a possible error is 

indicated. 

Transmitters used in these applications are available in a wide 

range of sizes and power levels. There is a general correlation between 

transmission range, transmission life and weight. This correlation is 

determined by the energy source, with the most common energy source being a 
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lithium primary cell. These cells have a high energy to weight ratio, 
excellent shelf life and perform quite well at low temperatures. They are 

the power source of choice in most applications. They are, however, not 

available in sizes below about four grams. Large sizes can also present 

transportation problems because of the classification of their lithium 

metal anode as a hazardous material. 

Solar powered transmitters are also used3
• Transmitters may 

depend on solar power only or may have a nickel cadmium rechargeable 
battery as power backup for periods when the sun is not in view. 

Unfortunately present designs have not given consistent performance from 

the solar powered nickel cadmium cornbination4
• Mercury or silver-oxide 

cells are used in most of the small transmitters. other than degradation 

of output at low temperatures, their performance is adequate for the 

application. 

To save power, transmitters are usually turned on and off at a set 

rate. A typical rate is to turn the transmitter on for about 0.015 seconds 

once each second. This results in a duty cycle of 1.5 percent. Average 

battery drain is in the range of 0.15 to 0.6 milliamperes, with peak drains 

of about 10 milliamperes. Transmission life ranges from 45 days for a 
2.5 gram transmitter to more than 1500 days for a 600 gram transmitter. 

Reception range for these transmitters is quite variable. Small 

sizes range from 0.5 Km to 2 Km transmission range. For an observer in an 

aircraft, ranges are about two to five times greater. Transmitters on 

larger a~imals range from 5 to 10 Km on the ground and 10 to 100 Km from an 

aircraft. Transmission range is highly dependent on the transmitter's 

elevation above ground and on the length of the transmitter antenna. 

Longer antenna lengths provide higher efficiency and thus greater range. 
Since transmission for these low-power devices is line-of-sight, elevation 

of both the transmitter and receiver antenna above ground is also 

important. Thus a bird in the air will have a much greater transmission 

range than one on the ground. 
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Additional parameters can be measured using these transmitters by 

the addition of suitable sensors which modulate the pulse width, pulse rate 

or other characteristic of the transmitters. The most commonly used sensor 

is a mercury switch which is a small glass tube with a ball of mercury that 

opens and closes an electrical circuit depending on the tilt angle of the 

tube. This can then be used to indicate activity by increasing the pulse 

rate as a function of switch closure. Mercury switches are also used to 

indicate mortality. In this case a clock is reset with each switch 

closure. If the animal is not active the clock will not be reset and the 

clock sends an output after a pre-set time, typically four hours. This 

output then changes the pulse rate, most commonly by a factor of two. 

Temperature is also readily indicated by changing the pulse rate 

as a function of temperature. Pressure may be indicated in a similar 
manner6. These parameters can be measured quite easily because they change 

slowly with time. 

Measurement of physiological parameters is somewhat more difficult 

because a decision must be made as to what constitutes a valid event
78

• In 

measuring heart rate - the most commonly measured physiological parameter 

besides temperature - a determination must be made as to what level to 

trigger the transmitter pulse. If the threshold is too high, heart beats 

will be missed, if too low, muscle artefacts will cause false indications. 

Trigger levels of 0.2 millivolts to 0.7 millivolts are used. We use a 

trigger level of 0.6 millivolts and try to place our electrodes for an 

electrode potential of 1.5 millivolts ideal, with 1.0 millivolts minimum. 

Telemetering of other physiological parameters under field conditions is 

less common. procuring or developing adequate sensors is the major 
limitation in making long-term measurements under field conditions. Many 

sensors require periodic recalibration to assure accuracy and thus are not 

adaptable to long-term unattended use. 

Transmitter attachment is a highly variable field with almost as 

many attachment methods as applications. Neck collars are the primary mode 

of attachment for terrestrial mammals. This technique elevates the collar 
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well and provides good weight distribution. Other methods must be used in 
growing animals or in animals whose necks enlarge during the breeding 

season9 . 

Back-mounted transmitters are the most commonly used attachment 

method in birds1o . This technique provides the best distribution of weight 

to lessen the transmitter's effect on flight dynamics11 . Transmitters are 

usually retained in position using a harness of flexible material. 

Adhesives are also used on birds for short-term applications. Usual life 

of adhesive attachment on birds is about 30 days when they are lost by 

feather breakage or molt. Clipping the transmitter to the tail feathers is 

also an option. 

Attachment to marine mammals is often more difficult. If a 

suitable appendage is available a collar type attachment works we1112 . On 
animals. with hair or fur, adhesive attachments have performed 
satisfactorily13. In any case the package should be small to reduce drag. 

Packages attached with adhesive will be lost during the animals molt and 

thus have a useful life of a year or less. Successful attachment to whales 

has remained a problem. Harpoon methods14 and barnacle or multiple 

attachment15 methods seem most promising. 

Implanting the entire transmitter is also an option. It has been 
used successfully on sea otter16 , river otter17 and ducks18 as examples. 

The major disadvantage is the requirement of a surgical procedure and the 

reduction in transmission range caused by the body. Range for an implanted 

transmitter is typically 30 percent of the range which would be received 
from a transmitter attached externally. Antennas for implantable 

transmitters are either entirely enclosed within the package, usually as a 

helix at one end, or a whip external to the main transmitter package. The 

latter gives higher power output; however, the transmitter must be retained 
in place or the antenna will tend to form into a ball and become 

ineffective. Transmitters with integral antennas are usually allowed to 

"float" either subcutaneously or interperitoneally. In sea otters 

interperitoneal placement is more successful because it does not leave a 

lump and the surgical would heals faster19 . Generally the attenuation of 
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the radio signal is a function of the thickness of the body tissue in the 

signal's path. 

Automatic Tracking Systems 

Several systems exist to automatically track the location of 

animals as they move within the area monitored. The first of these was a 

system developed at the University of Minnesota in the mid-1960s
20

• It 
used two mechanically rotating antenna arrays. Originally data were 

recorded on 16 millimeter film although later a computer was used to 

determine the angular bearings. A similar system was built at the 
University of Bordeaux, France21

• These systems have limited application 

in Antarctic environments because of their limited portability, high power 

requirements for the mechanical antenna rotation and the level of technical 

support needed for successful operation. 

A more recent system is one presented by Tracktech AB, of Salna, 

Sweden. It uses a hyperbolic direction-finding technique which does not 

need rotating towers. Three systems are claimed to have been sold, but no 
reports are available on their performance. While this system does not 

require rotating antennas it requires technically complex receivers and 

transmitters. Cost for a basic Tracktech system is about US$100 000.00. 

A third approach is provided by a system measuring the doppler 

shift of a signal using an array of antennas which are rotated 
electronically. Transmitters on the animals have no special requirements. 

This system offers possibility as a remote, portable tracking station 

because it does not have rotating towers, has relatively low power 

requirements and should be able to operate without complex technical 

support. Although several doppler system are under development, I was not 

able to get either company to consent to releasing information. 

Data Recording 

A number of methods and systems have been developed to record data 

from radio and "sonic tags without the presence of an observer. These are 

usually relatively low cost portable systems. 
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The first system developed used a low cost analog chart paper 
recorder that recorded the signal level from the receiver22. The chart 

drives were either spring wound or electric motor driven. They can be used 

to indicate activity or transmitter proximity to a nest or other specific 

site. While these units perform well, they have limited application 

because they must be attended frequently to wind the spring driven motors 

or recharge the battery. Temperature variations have also been a problem. 
Power for the units is usually provided by an automobile storage battery. 

Rustrak and Esterline-Angus are two manufacturers of analog recorders for 

this application. These systems are usually used to monitor from one to 

four animals. Monitoring more than four transmitters is difficult because 
there is no easy way to distinguish the animals on the chart. 

To meet the need to monitor more animals and eliminate the need to 

adjust the receiver gain control, systems based on event recorders were 
developed. Event recorders typically have 10 or 20 pens which are 

activated by a voltage signal. They give only a yes or no indication and 

provide no information on signal level. These systems are ideal for 

recording presence or absence data. To operate effectively with these 

event recorders the receivers should have a tone decoder or other level 

insensitive detection method. The recorders have spring wound drive motors' 

which will operate the recorder for about one week. Receivers in this 

application are most often powered by automobile batteries. 

As microprocessors became more familiar and solid state memory 

devices gained capacity and became less espensive, systems which store data 
from the receiver and can later off-load to a small computer are becoming 
available. These systems use the microprocessor to control the receiver, 

check the data, record time and data. It can also turn the receiver on and 

off if desired. Since the system has no moving parts it can operate over a 

wide temperature range. 

Using receivers and a monitoring system developed at the 

University of Minnesota we have tested operation to -50 degress C without 
deterioration in operating performance. The model we currently use has a 
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basic interpreter in read only memory so that it can easily be reprogrammed 

in the field. Speed sensitive operations can be written in assembly 

language and called from the main program as needed. Using the high level 

language permits the user to easily change the program or design it to fit 

his need as required. For our particular device communication to an 
external computer is done via a RS-232 serial interface. Using this 

standard interface any number of terminals can be used to communicate with 

the system and off-load data. Using this system and an adequate power 

source for the receiver, operation for several months without attention is 

possible. 

Using a microprocessor enables the user to record additional data 

such as temperature, depth, heart rate or any parameter that can be put 
into digital form. A microprocessor also permits the user to specify 

limits which can be used to discard out of range data points. 

satellite tracking 

Since the first elk was tracked by satellite in the early 1970s 

biologists and wildlife managers have been interested in applying this 

technology to biological monitoring. A number of experiments were 
conducted utilizing the Nimbus system. However, animal tracking using 
satellites began in earnest with the Argos system. 

The Argos system offers opportunities for monitoring a large 
number of species. However, its operational characteristics and 

requirements must be understood if it is going to be used successfully. 

The system is designed to monitor the location of transmitters (often 

referred to as platforms) using a satellite in sun synchronous orbit. Some 
data can also be transmitted along with the information necessary for 

location. The system's primary design purpose is to monitor meterological 

sensors on balloons and ocean buoys; monitoring biological data was 

secondary. 

Sun synchronous orbit means that the satellite remains in a fixed 

orbit in space. However, it covers a different path on the earth as the 
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earth rotates relative to the satellite's orbit. The satellite orbits with 

a period of 102 minutes. This, combined with its polar orbit, means that 

points near the equator are in view less frequently than are points near 

the poles. It is designed to have platforms at the equator in view for at 

least two passes, whereas platforms nearer the poles will be in view with 

almost every pass. 

The Argos system uses a doppler location technique. As the 

satellite gets closer to the platform the frequency appears to increase. 

As the satellite passes over the transmitter, the transmitter frequency 

appears to decrease. The measurement of the transmitter frequency can then 

be used to establish a doppler curve. Using the doppler informa,tion, the" 
position of the transmitting platform can be determined to within two 

possible positions. On the next satellite orbit two additional p!J,ssible"" ' 
~.' , 

positions are determined. One of these positions should coincide 'with a'" 
'" 

position from the previous pass. The doppler curve can only be determined 

accurately if a number of transmissions occur as the satellite passes 

overhead. This means the platform must transmit over this period. Since 

the platform transmits once each minute it should be available for at least 
five continuous minutes. This is not a problem for birds or terrestrial 

mammals. However, for many of the marine mammals it is a significant 

consideration. 

Argos platforms must be certified by Service Argos before they can 

be placed in service. Approved platforms are available from a number of 

commercial sources (see Appendix A). 

With the doppler measurement system the frequency of the 

transmitter must remain stable over time or errors in the doppler location 

will occur. Thus the transmitter oscillator must remain stable over time 

and with temperature variations. Another important parameter is the three 

watt power output requirement. In most cases power is supplied by lithium 

primary cells. Two problems must be considered : the first is the ability 

to supply the power for the ,operating life desired; the second is to have 

sufficient capacity to supply the peak demand during the transmission 

period. Both of these factors are increased by low temperatures. 
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These two factors determine the smallest size of transmitter that 

can be built. While some decrease in size can be made using custom 

circuits, very little can be done with the major volume component, the 

primary battery. Some testing has been done using solar cells and 
nickel-cadmium batteries. However, reliable operation for more than about 

nine months has not been achieved. 

Currently transmitters weighing approximately two kg and lasting 

about one year are routinely being deployed on caribou23 
, Antarctic seals 

and polar bear. units have also been placed on a number of other species 

with varying degrees of success. A significant problem is attaching 

packages of this size and weight. Transmitters have been carried by 

several species of birds with mixed success. The users indicated the 
weight (170 gm) and bulk were too high24

• Cost for location-only 

transmitters is in the 2500 to 3500 US$ range. 

There is a service charge for data processing by Service Argos. 

Typical cost for a platform-year is about 3000 US$ (see Appendix B for a 

rate schedule). It is possible to bypass Service Argos data processing and 

to use the down-link data to determine location with an on-site data 
processor. These data processors are also relatively expensive (20,000 to 

30,000 US$) and require technical support. 

The Argos system also allows the sending of four eight bit data 

words with each transmission. These can be used to send data such as 

temperature, pressure, etc. It should be noted, however, that doing so 

increases the demand on the power supply. 

Satellite Transmission of Data 

AS an alternative to sending data to satellite, using the Argos 

system data can be relayed using other data-only satellite systems. Since 

they are data-only systems these systems permit the transmission of larger 

blocks of data. A data relay system using the GOES satellite is being 

tested by a National Marine Fisheries Laboratory. The application of this 
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system is to monitor fish as they traverse remote streams and rivers. 
Radio frequency tags are attached to fish which are then monitored with a 

radio receiver and data processor. Data from the receiver data processor 

are sent to the GOES transmitter once per hour for relaying to the GOES 

satellite. The GOES system allows sending up to 650 characters per 
transmission. This application uses commercially available GOES platforms. 

Data are downlinked to a receiving station at Wallops Island, Virginia 

where they are available to the user. Power for this system is supplied by 

solar cells recharging Gel-cell batteries. 

Acoustic Tags 

Acoustic tags are applied most often in high conductivity or deep 
water where radio frequency tags will not function. These tags emit a 

mechanical wave in the frequency range 25 to 200 kHz. >~he sound energy is 

received by a hydrophone and a narrow band receiver which separates the 

signal from the noise. After the signal is received it may be processed 

using the same methods as described for radio frequency tags. 

Tracking range for acoustic tags is dependent on power output and 

frequency. Signal attenuation increases as frequency increases because 
absorption loss is frequency dependent. These losses are in addition to 

spreading losses. Thus using lower frequency transmitters will result in a 

longer range. Using a lower frequency may cause a problem, however, if the 

tag frequency is within the hearing range of the animal. Tag size is also 

frequency dependent because it is desirable to operate the acoustic 

transducer near its resonant frequency. Transducer resonant frequency is 

size dependent; efficient low frequency transducers require a large size. 

Thus it is difficult to build a small low frequency device2s 
• 

Passive Acoustic Sensing 

It is possible to monitor objects in ocean environments which are 

too small for transmitte~ attachment by transmitting an acoustic signal and 

measuring the level of reflected signal. These systems use relatively high 

frequencies and are normally ship mounted. Using these systems it is 
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possible to monitor fish, krill and zooplankton. Assessments of stocks 

using these techniques is in its preliminary stages26
• Assessment of 

biomass is not particularly difficult. However, determination of the 

organism causing the signal return may prove to be more elusive without 

concurrent sampling. 
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APPENDIX A - PRODUCERS OF CERTIFIED PTTS 

Source ARGOS Newsletter (December 1986) 

Bristol Aerospace Limited, PO Box 874, Winnipeg, Manitoba, R3C 2S4, Canada 

Ceis Espace, Z.I. de Thibault, 31084 Toulouse Cedex, France 

Eidsvoll Electronics, PO Box 38, N. 2081 Eidsvoll, Norway 

Ferranti O.R.E. Inc., PO Box 709, Falmouth, MA 02541, USA 

Hermes Electronics Limited, 40 Atlantic Street, PO Box 1005, Dartmouth, 
Nova Scotia B2Y 4A1, Canada 

Instituto de Pesquisas Espacias, c.p. 515, 12200 Sao Jose dos Campos - SP, 
Brazil 

Mariner Radar, Bridleway - Campsheath, Lowestoft, Suffolk, .NR32 5DN, Great 
Britain . 

Metocean Data System Limited, PO Box 2427 D.E.P.S., Dartmouth, Novia 
Scotia, Canada 

Polar Research Laboratory, Inc., 6309 Carpinteria Avenue, Carpinteria, CA 
93193, USA 

Synergetics International, Inc., 6565 Odell Place, PO Box E, Boulder, 
Colorado, 80306-1236, USA 

Telonics, Inc., 932E. Impala Avenue, Mesa, AZ 85204, USA 

TOYo Communication Equipment Co Ltd., 753, Koyato Samukawa-Machi, Koza-Gun, 
Kanagawa-pref Code 253-01, Japan 

Wood Ivey System Corporation, PO Box 4609, Winter Part, FL 32793, USA 
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APPENDIX B 

1986 TARIFF 
(all prices in French' francs and exclusive of taxes) 

;;FfCODE ITEM 

-A 10 STANDARD SERVICE. PIT rp < 60 s (per PIT and per day) 

-- surcharge for more than 6 lac. calcul. (per PIT and per day) . A 11 

A 20 STANDARD SERVICE, PIT rp > 1005 (per PIT and per day) 

- surcharge for more than 10 data acquis. (per PIT and per day) A 21 

A 30 BACK-UP SERVICE, PTI rp<60 s (per PIT and per day) 
'. 

A31 surcharge for more than 6 lac. calcul. (per PIT and per day) 

A40 BACK-UP SERVICE, PTI rp>100 5 (per PIT and per day) 

A 41 surcharge for more than'lO data acquis. (per PIT and per day) 

A50 MONITORING SERVICE, PIT rp < 60s (per PIT and per day) 

A60 MONITOFllNG SERYICE, PIT rp > 1005 (per PIT and per day) 

810 DATA RECORDED ON TAPE, PER 1200 FT (EUROPE) (per unit) 

811 " " " " " " " (OTHER ZONES) (per unit) 

820 " .. " " PER 2400 FT, (EUROPE) (per unit) 

821 " " " " " " " (OTHER ZONES) (per unit) 

830 PRINTOUT, PER 50 pp (EUROPE) 

831 " " " (OTHER ZONES) 

C 10 SURCHARGE FOR RETROACTIVE COPYING (per month) 

C 20 MODIFICATION (per intervention) 

Dl0 PIT HIRE, INCLUDING AlO SERVICE, 45 DAYS 

D 11 PIT HIRE, WITHOUT PROCESSING, 45 DAYS 

D 20 PIT HIRE, INCLUDING A 1 0 SERVICE, 90 DAYS 

D 21 PIT HIRE, WITHOUT PROCESSING, 90 DAYS -
D 30 PIT HIRE, INCLUDING Al0 SERVICE, 135 DAYS -
D 31 PIT HIRE, WITHOUT PROCESSING, 135 DAYS -
D 40 PIT HIRE, INCLUDING Al0 SERVICE, 180 DAYS -
D 41 PIT HIRE, WITHOUT PROCESSING, 180 DAYS -
E 10 - PROCEEDINGS OF USERS CONF. (EUROPE) (per document) 

Ell " .. (OTHER ZONES) (per document! 

PRICE (FF) 

191.10 

9.55 

25.50 

1.25 

38.20 

1.90 

12.75 

0.65 

23.90 

10.05 

580.00 

714.00 

m.oo 

903.00 

121.00 

147.00 

693.00 

200.00 

15,225.00 

6.720.00 

26.145.00 

9.135.00 

37,590.00 

12.075.00 

47,985.00 

13.965.00 

231.00 

294.00 
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A RATIONALE FOR CONSERVATION AREAS WITHIN ANTARCTIC WATERS 

R.G. Chittleborough 
(Australia) 

Abstract 

SC-CAMLR-VI/BG/23 

The application of potential conservation measures 
listed in Article IX 2 of the Convention requires "the 
designation of regions and sub-regions based on the 
distribution of populations of Antarctic marine living 
resources" (Article IX 2 (b)). In order to select 
meaningful boundaries for such areas, first priority has 
been given to surface circulation of southern waters and 
the distribution of krill. This has been supplemented by 
(limited) information on the distribution of major 
consumers including baleen whales, seals and penguins. 
A possible relationship between general flowline 
features of the Antarctic ice cap and ragional dynamics 
of the Southern Ocean ecosystem is also suggested. 

From the evidence available, the following six potential 
conservation areas are proposed: 

700 W - 15°W 
15°W - 400

E 
400 E - 900 E 
900 E - 1500 E 

150° E - 1600 W 
1600 W - 700 W 

Examples are given of options available for management 
approaches within these major conservation areas. 

La mise en vigueur des mesures de conservation 
potentielles enumerees a l'Article IX 2 de la Convention 
necessite "la designation de secteurs et de 
sous-secteurs selon la repartitiondes populations de 
res sources marines vivantes de l'Antarctique" (Article 
IX 2 (b). Afin de selectionner des limites 
significatives pour ces regions, la circulation de 
surface des eaux australes et la repartition du krill 
ont ete considerees en toute priorite. S'y sont 
ajoutees des informations (limitees) sur la repartition 
des principaux predateurs, dont les baleines mysticetes, 
les phoques et les manchots. L'existence d'une relation 
eventuelle est egalement suggeree entre les 
caracteristiques generales du flux de la calotte 
glaciaire antarctique et la dynamique regionale de 
l'ecosysteme austral. 

Se basant sur les indications obtenues, les six regions 
de conservation potentielles suivantes sont proposees: 
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70°0 - 15°0 
15°0 - 40 0 E 
40 0 E - 90 0 E 
90 0 E - l50 0 E 

l50 0 E - 160°0 
160°0 - 70°0 

Le document presente des exemples d'options disponibles 
quant aux differentes approches d'amenagement au sein de 
ces principales regions de conservation. 

Resumen 

La aplicacion de las rnedidas de conservacion potenciales 
listadas en el Articulo IX 2 de la convencion requiere 
"la designacion de regiones y sub-regiones basad a en la 
distribucion de las poblaciones de los recursos vivos 
marinos antarticos" (Articulo IX 2 (b». Para 
seleccionar lirnites significativos para tales areas, se 
ha dado primera prioridad a la circulacion superfici.al 
de las aguas australes y a la distribucion del krill. 
Esto ha sido suplementado por inforrnacion (limitada) 
sobre la distribucion de los consumidores mas 
irnportantes incluyendo alas ballenas baleen, focas y 
pingulnos. Se sugiere tambien una posible correlacion 
entre las caracteristicas generales de las lineas de 
flujo de la capa de hielo antartica y la dinamica 
regional del ecosisterna del Oceano Austral. 

En base a la evidencia disponible, se proponen las 
siguientes seis areas de conservacion potenciales: 

70°0 - 15°0 
15°0 - 40 0 E 
40 0 E - 90 0 E 
90 0 E - l50 0 E 

150 0 E - 160°0 
160°0 - 70°0 

Se presentan ejemplos de las opciones disponibles para 
los enfoques de adrninistracion dentro de estas 
principales areas de conservacion. 

Pe310Me 

npMMeHeHMe B03MO~HhlX Mep no coxpaHeHMIO, 
nepeQMCneHHhlX B CTaTbe IX.2 KOHBeHQMM, 
Tpe6yeT "onpeAeneHMH paHOHOB 11 1I0ApaHOHOB Ha 
OCHOBe pacnpeAeneHI1H 1I0nynHQl1H MOPCKI1X ~I1BhlX 
pecypCOB AHTapKTI1KI1" (CTaTbH IX.2 /b/) . .l(nH 
Toro, QT06bl Bbl6paTb I1MClO!l\l1e CMblcn rpaHI1Qbl AJIH 
TaKI1X paHOHOB, nepBOCTeneHHoe 3HaQeHl1e 
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npHAaeTcn nOBepXHOCTHOH l(l1pKYJlnl(1111 JO)KHbIX BOA 11 
pacnpocTpaHeHI1IO Kplwn. TaK)J(e cIOAa BXOAI1T 
I1H<pOpMal(l1n (0 rpaHI1LJeHHan) ° pacnpocTpaHeHl111 
rnaBHhlX KOHCYMeHToB. BKnIOLJan ycaThlx KHTOB. 
TIOneHeH 11 nI1HrBI1HOB. BhlABl1raeTCn npeAnOnO)l{eHHe ° B03MO)l{HOH CBn311 Me)l{AY nl1HHeH HaneraHHn 
neAHHKoBoro nOKpoBa AHTapKTI1KH 11 perl10HanbHOH 
AI1HaMI1KOH 3KOCI1CTeMbl IOlKHoro OKeaHa. 

Ha OCHOBe I1MelOll.{l1xcn AaHHblX npeAnaraeTcn. meCT b 
CJleAYlOlI.{l1X paHoHoB npl1MeHeHHn Mep no coxpaHeHHIO: 

700 3.A.- 15 0 3.A· 
15 03.A.- 400 B.A· 
40oB.A.- 900B·A· 
90oB.A.-150oB.A. 

150oB.A.-16003.A. 
1600 3.A.- 700 3.A· 

AaIOTcn npHMephl B03MO)l{HhlX Bapl1aHTOB CTpaTerl111 
ynpaBneHl1n B npeAenax 3TI1X rnaBHhlX paHoHoB 
npl1MeHeHHn Mep no coxpaHeHI1IO. 
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A RATIONALE FOR CONSERVATION AREAS 

WITHIN ANTARCTIC WATERS 

Although the Antarctic Treaty and the various conventions applying 

around Antarctica contain provisions to zone activities within specified 

areas (including fully protected reserve areas), such provisions have not 

yet been applied systematically in these waters. 

While the Antarctic Treaty System provides for the setting aside of 

Specially Protected Areas (SPAS), none of the eighteen SPAs so far 

designated have marine waters as main components. Ma{ine ecosystems are 

included in the classification of Antarctic ecosystems proposed by the SCAR 
Sub-Committee on Conservation (1976). 

Under the Convention for the Conservation of Antarctic Seals (Annex 

5), three marine areas have been set aside as seal reserves (around the 
South Orkney Islands; in the south-west of the Ross Sea; and in the 

vicinity of Cape Hallet). There is also provision under this Convention 

for sealing alternately within six arbitrarily defined sealing zones. 

Under the Whaling Convention, a sanctuary for baleen whales was 

applied in earlier years within the sector from 700 W to 160o W. More 

recently there has been a move within the International Whaling Commission 

to extend the Indian Ocean Whale Reserve southwards into Antarctic waters. 

The Convention for the Conservation of Antarctic Marine Living 

Resources provides for management by open and closed areas 

(Article IX 2 (g). So far only one area has been closed to fishing (within 

12 nautical miles of South Georgia). 

One of several strategy approaches discussed in Australia's 

submission to the CCAMLR Working Group developing a conservation strategy 

(WG-CSD-87/6), is the operation of open and closed areas. This would 

require "the designation of regions and sub-regions based on the 

distribution of populations of Antarctic marine living resources", as 

specified in Article IX 2(b) of the Convention. 
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As was recognised in the Australian submission, a critical step in 

this is the selection of boundaries for conservation areas in a manner 

which ensures ecological as well as economic viability. In this it is 
desirable that each area, whether open or closed, contains a unit stock of 

at least the target species, or preferably, a largely self-contained 

ecosystem. 

Complete segregation of the communities within the conservation 

areas is not essential or even desirable; only that exchanges between them 

by migration be low in relation to productivity (growth and survival) 

within a unit. 

To date, apart from an early effort to identify separate stocks of 

whales (discussed later), management areas in the Southern Ocean have had 

little ecological basis. The FAO set out three arbitrary statistical 
regions in the southern Ocean (areas 48, 58, and 88) as part of the 
world-wide Statlant system for recording fisheries operations. These three 

main areas were subsequently sub-divided, particularly in the southwest 

Atlantic and western Indian Ocean sectors, mainly for the purpose of 
separating demersal fishing operations on discrete banks and shelves. 

with the increasing emphasis now on krill harvesting, it is timely 

to consider whether the areas and sub-areas defined largely for other 

purposes might be applied effectively to this fishery, under a management 

convention designed to conserve the ecosystem as a whole rather than the 

harvested species alone. As stated by Latogursky (1986), "the problem is 
gaining in importance because of the necessity of setting krill catch 

quotas for each fishing country in the near future". While a rather 

arbitrary separation into a number of major regions might suffice as an 

initial basis for a workable management regime, under the ecosystem 
approach required by the convention it would be far preferable if areas 

could be defined on a sound ecological basis. 

AN ECOLOGICAL BASIS FOR DELINEATING CONSERVATION AREAS 

water circulation and distribution of krill: 

Latogursky (1986) reviews available information upon which it might 
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be possible to differentiate stocks of krill within the Southern Ocean. On 

the basis of surface water circulation, he suggested at least six cyclonic 

systems, although the longitudinal limits of each were not specified. Two 

or three of these systems are of large scale and were suggested as habitats 

for independent populations of krill. 

When the surface water circulation for this region (Lubimova 1982, 

Fig. 1) is overlaid by the distribution of krill concentrations (Lubimova 
1982, Fig. 28), the resultant shows fair agreement between the location of 

gyres and major concentrations of krill (Figure 1). On this basis, the 

following separation is suggested: 

Sector 1 700W - 15°W Weddell gyre 

2 15°W - 55°E 

3 55°E - 1000 E Prydz gyre 
4 1000E - 1500 E 

5 1500E - 1400 W Ross gyre 

6 1400W - 700 W 

No major surface gyres are evident from 1000E to 150o E, or from 

1400W to 70o W, though it is possible that quasi-stationary cyclonic eddies 
of smaller dimension may occur. The krill distribution within these two 

sectors appears to be correspondingly patchy. 

The identification of concentrations of krill within major gyres 

has led to an examination of samples for evidence of morphological or 

biochemical differences that might support an hypothesis of genetic 

separation of stocks. However, as far as has been determined to date 

(Latogursky 1986; MacDonald, Williams and Adams 1986) there appears to be a 

continuous exchange of gene pool throughout the Antarctic populations of 

Euphausia superba. Thus, while there may be unit stocks sufficiently 

discrete for management purposes, there is adequate exchange to maintain a 

common genetic entity of E. superba as a single composite population. As 

pointed out by Latogursky, one of the important research tasks is to 

determine the routes and rates of exchange between one sub-population and 

another. However, as this may take considerable time to achieve, some 

interim management framework is required. 
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Distribution of consumers: 

Following the ecosystem approach, we should now examine whether the 

sectors based on water circulation and the distribution of a key food 

species, are consistent with the distribution of the major consumers. The 

various consumers differ greatly in mobility as well as in their 
environmental needs and responses, so can hardly be expected to show 

identical patterns of distribution and movements. 

Whales: During the height of the pelagic whaling era some fifty 

years ago, six whaling Areas were delineated (Mackintosh 1942) within the 

following sectors: 

Area II 600W _ 0° 

Area III 0° - 700E 

Area IV 700E - 1300 W 

Area V 130° E - 1700W 

Area VI 1700W - 1200W 

Area I 1200W - 600W 

These Areas were based on knowledge available at the time, of the 

distribution of the larger baleen whales during the summer feeding season, 
and migration paths to breeding grounds in lower latitudes. Humpback 
whales were the most clearly segregated into unit stocks. However, while 

unit stocks of humpback whales within the major Areas were sufficiently 

discrete to maintain consistently different proportions of body pigment 

patterns and differing age/size composition as a result of non-uniform 

fishing pressures (Chittleborough 1965), marked humpback whales 

occasionally moved from one stock to another. Blue whales, and particularly 

fin whales, however, were far less clearly segregated into unit stocks 

(Mackintosh 1942), while sei and minke whales were little segregated at 

all. 

For a re-examination of the distribution of the larger baleen 

whales during the feeding season, the summer sightings from RRS 
Discovery 11 from 1933 to 1939 are well representative (Mackintosh 1942), 

affording an index quite independent of catches by whaling fleets 

concentrating in selected areas. The distribution of whale sightings shown 
in Figure 2 indicates feeding concentrations within each of the Sectors 
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from Figure 1, apart from an anomaly within sector 5. As mentioned by 
Mackintosh, Discovery II did not cover the main whaling grounds in the 

Weddell Sea so that the known concentration of large baleen whales in 

Sector 1 was not well recorded. 

Some further indication of the distribution of the larger baleen 

whales in the Southern Ocean is gained from the maps prepared by Mizroch et 

al. (1985), based on catches by pelagic whaling fleets. The distribution 
of blue, fin and humpback whale catches peak well within each of the 

sectors delineated from Figure 1, though there is little sign of a discrete 

concentration of these whales within the sector from 1000 E to 1500 E. 

Catches of whales within the sector 1600 W - 700 W were relatively low, 

partly because this was a declared Sanctuary Area so that virtually no 

whaling took place there from 1931/32 to 1954/55 (Horwood 1986). However, 

when re-opened to whaling, the modest catch rates confir~:d earlier 
suggestions that this sector did not support a large stock of baleen 

whales. This may reflect a paucity of krill concentrations within that· 

sector. 

While some examination has been made of changes in the distribution 

of larger baleen whales in the Southern Ocean from season to season, and 
within a season (Mizroch et al 1985), variations in distribution have not 

been linked directly with variability in the distribution and abundance of 

krill. Chittleborough (1965) showed that in the Antarctic summer of 

1958/59, humpback whales that usually fed between 1600 E and 180° spread 

westward as far as 110o E, and suggested that the wider dispersion of that 
stock in that season may have been caused by poor development of 

quasi-stationary cyclones responsible for aggregations of food in the usual 

feeding grounds. 

Seals: The Convention for the Conservation of Antarctic Seals 

(Annex 4) provides for alternating closures within six sealing zones south 

of 600 S, having the same meridian boundaries as the Whaling Areas. These 

Zones are quite arbitrary as so little is known of the distribution and 

abundance of the pelagic Antarctic seals. 

From satellite imagery during the summers of 1970/71 to 1972/73, 

Gilbert and Erickson (1977) proposed six residual pack ice regions 
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persistent from year to year and presumed to act as foci during the 
southern summer for seal populations, particularly crabeater seals (Figure 

3). Sighting surveys of seals hauled out on pack ice in location A 

(January-February, 1972) and in location B (January, 1973) enabled 

densities to be compared with earlier surveys in location F. The observed 

density of crabeater seals in location A was higher than in location B 

(1.62 and 1.02/km2 respectively), but both were well below the previously 

recorded density in location F (6.56/km2
). No data were available on the 

densities of seals on pack ice during the summer in locations C, D and E. 

Gilbert and Erickson found no correlation between the concentration 

of chlorophyll in surface waters and the density of crabeater, leopard, 

Ross or Weddell seals. 

On the basis of residual pack ice recorded in the summers of 

1970;71 to 1972;73, Gilbert and Erickson proposed zones for seal management 

divided at 25°W; 22°E; 72°E; 142°; 180°; and 700W. They suggested that 
these six zones afford the best available units for shaping management 

strategies, proposing separate limits for each seal species in each zone. 

Satellite imagery supplied by NASA of residual pack ice present 
during February of 1974 and 1975 confirm the presence of extensive pack ice 

remaining in locations A, Band F, indicate less extensive and fragmented 

areas of pack ice in locations C and D, and show little sign of residual 

pack ice in location E. Hence, while locations A, Band F may afford 
prospects for discrete populations of these seals (during summer), the case 

for other separate populations is less substantial. More direct 

observations are required. 

On the other hand, the location of residual pack ice in summer may 

be less important to pelagic seals than the location, early in spring, of 

ice floes suitable for pupping and mating, and close to ready supplies of 

food for the newly weaned pups. 

Birds: If the total breeding stock at each rookery of Antarctic 

seabird was known, together with the foraging range of that species during 

the breeding season, some inferences might be drawn concerning the 

distribution of food species at that time. While the locations of most 
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breeding sites of Antarctic seabirds are generally known (e.g. Watson 

1975), and counts are being monitored at certain sites, a reliable 

composite, quantitative picture of the distribution of each species is not 

readily available. 

Figure 4 shows an assessment of the distribution and abUndance of 

breeding stocks of Adelie penguins around Antarctica. This has been 

derived from Wilson (1983), referring back where necessary to Croxall and 

Kirkwood (1979) and Horne (1983), and including subsequent additions such 

as that of Hoshiai et al (1984). It should be noted that as counts were 

made in different decades they might not all be directly compatible since 
populations cycle, as evidenced by the steady decline in certain rookeries 

during the 1970s, followed by a sharp recovery in the early 1980s (Hoshiai 
et al 1984). Breeding sites favoured by Adelie penguins appear to be linked 

" 

with localities having little residual pack ice each summer. The density 
of Adelie penguins recorded in summer on residual pack ice off the Oates 

and George V coasts (145°E - 170o E) was very low (0.02 per km2
) (Gilbert 

and Erikson, 1977). Figure 4 shows that the largest breeding stocks of 

Adelie penguins occur in the eastern margin of the Ross Sea, the coast 

adjacent to the prydz Bay gyre, and on the Antarctic Peninsula. 

Emperor penguins, breeding on fast ice rather than land, at a 

different time of the year and having different food preferences to Adelie 
penguins, might be expected to have different constraints to their 

distribution. However, Figure 5 indicates the main breeding concentrations 

to occur also on the eastern margin of the Ross Sea, the coast adjacent to 

the prydz Bay gyre, as well as to the south of the Weddell Sea. Aerial 

surveys (in summer) by Gilbert and Erickson (1977) recorded very low 

densities on residual pack ice in the Bellingshausen and Amundsen seas 

(85°W - 135°)W and off the Oates and George V coasts (145°E - 170o E) (0.028 

and 0.016 emperor penguins per km2 respectively). 

The rationale for conservation zones based on seabird distribution 

and abundance may be rather different from one based on the postulated 

distribution of Antarctic seals. Nevertheless, the areas of greatest 

concentrations of Adelie and Emperor penguins appear to relate well to the 

three major gyres of the Antarctic surface water circulation (i.e. the Ross 

Sea, Prydz Bay region, and Weddell Sea), and the resultant concentrations 

of food resources. 
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Relation to land systems: 

To date there have been few attempts to relate features of the 

Antarctic ice cap to regional dynamics of the Southern Ocean and consequent 

sub-divisions of the marine ecosystem. In an approach to a framework for 
protected areas within both terrestrial and marine ecosystems, Keage (1986) 

comments that "an untried land planning concept with potential for polar 

protected sites is the use of ice catchments and selected ice flowlines, in 

combination with the adjoining pack ice zone, to delimit conservation 

units". Keage points out that amongst other effects, the ice cap has a 

controlling influence on the continental and adjacent surface wind 

circulation and sea ice movements near-shore. 

Figure 6 shows the thirteen major ice catchments and their 

flowlines on the Antarctic ice cap. Where the ice sheets are extensive and 

the flowlines convergent, terminating in extensive ice shelves, there are 

productive marine ecosystems offshore (e.g. Ross Sea, Weddell Sea and prydz 

Bay systems). Where there are extensive ice sheet catchments having 

diverging or parallel ice flow, the adjacent marine systems appear to be 

rather more diffuse in their productivity. Where the ice sheet catchments 

are least extensive, adjacent marine systems seem to be least productive, 
as seen in the Bellingshausen and Arnundsen Seas (70

o
W to 150

o
W), where 

baleen whales, crabeater seals and penguins are relatively sparse, as 

discussed in previous sections. 

Another aspect relating to land systems is the growing awareness of 

the need for Specially Protected Areas declared on land in order to protect 

breeding sites of birds or seals, to be extended into adjacent water where 

they feed. 

MAJOR CONSERVATION AREAS. PROPOSED 

From the limited evidence so far available pointing to discrete or 

semi-discrete systems, as based on surface water circulation and krill 

distribution (Figure 1), baleen whale distribution (e.g. Figure 2), 

residual pack ice as a possible indicator of seal distribution (Figure 3), 
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seabird breeding concentrations (Figures 4 and 5), and the major ice 

catchments of the Antarctic ice cap (Figure 6), the following sectors of 

Antarctic Surface water are proposed as having some consistent ecological 

basis as potential conservation areas: 

Sector 1 700 W - 15°w 

2 15°w - 400 E 

3 400 E - 900 E 

4 900 E - 1500 E 

5 1500 E - 1600 W 

6 1600 W - 700 W 

These potential conservation areas within the CCAMLR region are 

shown in Figure 7. Future investigations might well verify that Sectors 1, 

3 and 5 contain the most productive sub-systems. As further studies are 

made of both krill and their consumers, it may be found that stocks in 
certain adjacent sectors are much more closely linked than elsewhere (e.g. 

sectors 3 and 4), or that finer subdivision might be possible on the basis 

of local bathymetric effects (e.g. in Sector 6). 

While supporting Latogursky's listing of the further studies 

required to refine the boundaries of such sub-systems, the interactions 

between them, the transport of krill from one to another, and the 

assessment of krill stocks in each (as well as their variability), we 
suggest that the six sectors set out above afford a basis for initiating a 

conservation strategy for these resources. 

There may be a need for later adjustment of boundaries of these 
conservation areas as their resources, processes and relationships are 

better understood. Provided, however, that all fishing data are recorded 

in the form recommended by the Scientific committee of CCAMLR (see Report 

of SC-CAMLR-IV, 1985; paragraph 5.9), any re-arrangement of boundaries can 

be accommodated if needed in the future, since the location of every haul 

will have been recorded. The need for recording data in this matter was 

re-iterated during the fifth meeting of the Scientific Committee (see the 

strong recommendation made in Report of SC-CAMLR-V, 1986, paragraph 5.35). 



- 525 -

It is proposed that the conservation areas as presently defined be 

utilised in selecting open and closed areas as part of the CCAMLR process 
of shaping and implementing a conservation strategy for Antarctic marine 

living resources. 

MANAGEMENT WITHIN CONSERVATION AREAS 

While the tactics of management within the major conservation areas 

can be developed after the general framework of a conservation strategy has 

been agreed, some indication of the options available might be outlined 

here. 

The simplest management procedure would be to open three of the 

major Sectors to krill harvesting (e.g. Sectors 1, 3 and 5 of Figure 7), 

leaving the intervening Sectors (2, 4 and 6 respectively) closed. That 
might be preferable to opening each Sector in turn through successive years 

as proposed under the Sealing Convention. 

However, these Sectors are so large and the distribution of certain 

species within them so circumscribed, that it might be preferable to zone 

activities within each Sector. Thus within a Sector there might be 

sub-areas open to specified types of harvesting (perhaps with limited open 

seasons or catch limits); and sub-areas open to all activities. In such an 

approach, inshore zones which include nursery areas or the feeding grounds 

of shore-based breeding colonies, might be given greater protection than 

offshore (oceanic) zones. 
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Figure 1 Surface circulation and krill concentrations (hatched areas) 
within the CCAMLR Convention Area (from Lubimova, 1982). 
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Figure 2 Estimated numbers of whales, presumed to be Blue, Fin or 

Humpback, seen per day south of 50°8 during selected passages of 
Discovery II, 1933-9. (From Mackintosh, 1942). Proposed krill 
sectors from Figure 1. 
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Six residual pack-ice regions presumed to constitute popUlation 
centers for pelagic Antarctic seals in the austral summer. 
These regions were as follows : A, Amunsden and Bellingshausen 
Seas; B, Oates Coast; C, Wilkes Land; D, Queen Maud Land; E, 
Halley Bay; and F, Weddell Sea. (After Gilbert and Erickson, 
1977) . 
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Figure 4 Breeding stocks of Adelie penguin, Pygoscelis adeliae, grouped 
in 1° latitude x 2° longitude. 
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Figure 5 Breeding stocks of Emperor penguin, Aptenodytes forsteri. 
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Figure 6 Major ice catchments and flowlines for the Antarctic ice cap, as 
adapted by Keage (1986) from Drewery (1983). 
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Figure 7 Potential management areas within the CCAMLR region. 
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SC-CAMLR-VI/BG/23 

Legendes des figures 

Circulation de surface et concentrations de krill (zones 
hachurees) au sein de la zone de la Convention de la CCAMLR 
(d'apres Lubimova, 1982). 

Nombres estimatifs de baleines (presumees etre des rorquals 
bleus, des rorquals communs ou des jubartes) aper~ues par 
jour au sud de 50 0 S au cours de passages selectionnes de 
Discovery II, 1933-9. (D'apres Mackintosh, 1942). 
Secteurs de krill proposes d'apres la Figure 1. 

Six regions de banquise residuelle presumees constituer des 
centres de population pour les phoques des couches 
pelagiques de l'Antarctique au cours de l'ete austral. Ces 
regions sont les suivantes : A, mers d'Amundsen et de 
Bellingshausen; B, Cotes Oates; C, Terre de Wilkes; 
D, Terre de la Reine-Maud; E, Baie de Halley; et F, Mer de 
Weddell. (D'apres Gilbert et Erickson, 1977). 

Stocks reproducteurs du manchot Adelie, pyqoscelis adeliae, 
groupes par 1° de latitude X 2° de longitude. 

Stocks reproducteurs du manchot empereur, Aptenodytes 
forsteri. 

Principales accumulations et flux pour la calotte glaciaire 
antarctique, adapte par Keage (1986) d'apres Drewery (1983). 

Zones d'amenagement potentielles au sein de la region de la 
CCAMLR. 

Leyendas de las Figuras 

circulacion superficial y concentraciones de krill (areas 
sombreadas) comprendidas en el Area de la Convencion de 
CCAMLR (segun datos de Lubimova, 1982). 

Cantidades estimadas de ballenas presumiblemente Azules, 
Aleta 0 Jorobadas, vistas p~r dia al sur de 50 0 S durante 
travesias seleccionadas del Discovery II, 1933-9. (De 
Mackintosh, 1942). Los sectores de krill propuestos han 
sido tornados de la Figura 1. 

Seis regiones de hielo a la deriva residual que se presume 
constituyen centros de poblacion de focas antarticas 
pelagicas en el verano austral. Estas regiones fueron las 
siguientes : A, Mares de Amundsen y Bellingshausen; B, Costa 
oates; C, Tierra de Wilkes; D, Tierra de la Reina Maud; 
E, Bahia Halley; y F, Mar de Weddell. (Segun Gilbert y 
Erickson, 1977). 

poblaciones reproductoras del pinguino Adelie, Pygoscelis 
adeliae, agrupadas en 1° latitud x 2° longitud. 



Figura 5 

Figura 6 

Figura 7 

PI1CYHOK 1 

PI1CYHOK 2 

PI1CYHOK 3 

PI1CYHOK 4 

PI1CYHOK 5 

PI1CYHOK 6 

PI1CYHOK 7 
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poblaciones reproductoras del pinguino Emperador, 
Aptenodytes forsteri. 

Principales captaciones de hielo y lineas de flujo para el 
casquete glaciar Antartico, segun adaptacion de Keage 
(1986), de la informacion de Drewery (1983). 

Areas de administracion potenciales comprendidas en la 
region de CCAMLR. 

OOAnI1CI1 K pI1cYHKaM 

OOBepXHOCTHaH 4I1pKynH4I1H 11 CKOnneHI1H KpI1nH 
(3amTpI1XOBaHHhle yqaCTKI1) B 30He AeicTBI1H 
KOHBeH4I1 I1 AHTKOMa (~6I1MOBa. 1982 r.). 

OpI1MepHOe KOnI1qeCTBO KI1TOB. KaK npeAnonaraeTcH. 
CI1HI1X. ~I1HBanOB I1nI1 rop6aThlx. BCTpeQaBmI1XCH 
e~eAHeBHo K rory OT 50 ~.m. BO BpeMH oTAenbHhlx 
peicoB "lII1CKoBepI1 n". 1933-39 rr. (MaKI1HTom. 
1942 r.). OpeAnaraeMble Ha PI1cYHKe 1 KpI1neBble 
YQaCTKI1. 

llieCTb paioHoB OCTaTOQHOrO naKOBoro nbAa. 
HBnHIDmI1XCH. KaK npeAnonaraeTcH. paiOHaMI1 
KOH4eHTpa4I1I1 nonynH4I1i nenarI1QeCKI1X 
aHTapKTI1QeCKI1X TroneHei B TeQeHI1e aBCTpanbHoro 
neT a . 3TI1 paiOHbI cneAYIDmI1e: A - MOpH AMYHAceHa 
11 BennI1HCraY3eHa. B - Beper OTca. C - 3eMnH 
YI1nKca. 0 - 3eMnH KoponeBbI MOA. E - 3anI1B 
X~nnI1. 11 F - Mope Y~AAenna (no [I1n6epTY 11 
3PI1KCOHY. 1977 r.). 

Pa3MHo~aIDmI1eCH 3anaCbI nI1HI'BI1HOB AAenI1. pygoscelis 
adeliae. crpynnI1pOBaHHhle no YQaCTKaM B 1 OmI1pOThl 
Ha 20 AonrOTbI. 

Pa3MHo~aIDmI1eCH 3anaCbI I1MnepaTOpCKI1X nI1HrBI1HOB. 
Aptenodytes forsteri. 

OCHOBHhle neAOBhle nOBymKI1 11 nI1HI1I1 HaneraHI1H 
neAHI1KOBOrO nOKpOBa AHTapKTI1KI1. nepepa60TKa KI1rOM 
(1986 r.) AaHHblx .n:pro~pa (1983 r.). 

B03MO~Hhle paiOHhl ynpaBneHI1H B 30He AeicTBI1H 
KOHBeH4I1 I1 · 
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