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ABSTRACT: Stocks of krill in the southern part of the Drake Passage and in
the Bransfield Strait were estimated by the hydroacoustic method, during the BIOMASS-
-FIBEX expedition (Febr.-March 1981). Krill stocks in the Drake Passage and Bransfield
Strait were assessed at about 12 and 2.3 min tons, respectively. A map of krill
distribution in these regions was prepared. The main krill biomass (66%) was found
to occur within the Bransfield Strait which accounts for only 13.79 of the total area
under survey.
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1. Introduction

Studies of krill stocks in the Antarctic have been performed since many
years. Within some relatively small, selected water regions, various investiga-
tors have used different methods for assessment of the mean krill biomass
per area unit (m?), whereupon by simple recalculation of this value they
obtained the estimated krill biomass per the total area of Antarctic
waters. Evidently, there have often been very big differences — between
the regions studied — in the mean krill biomass per area unit, and consequently
the estimated krill biomass per total area of the Antarctic also assumed
very dissimilar values. Everson (1977) has utilized the results of Marr
(1962) and estimated the krill biomass at 44.5 min tons; using the findings
of Gulland (1970), Everson (1977) has evaluated the krill stocks at 750 mln
tons. Makarov and Sevcov (1972) have assessed them at 953—1350 mln
tons, Doi and Kawakami (1979) —at 1200 min tons, and Kalinowski
and Witek (unpublished data) — at 100—400 mIn tons. An estimation obtain-
ed simultaneously for the total Antarctic would be most reliable; obviously,

*) Study performed within the project’ MR-1-29 A supported by the Polish Academy
of Sciences, during the BIOMASS-FIBEX Expedition on r/v “Profesor Siedlecki”, directed
by Dr. S. Rakusa-Suszczewski
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this task could not be accomplished by one or even by several vessels.
To attain this purpose, within the research project BIOMASS, the expedition
FIBEX was organized, with participation of — among others — the Polish
vessel r/v “Profesor Siedlecki”. The Polish Survey Zone comprised the Drake
Passage and Bransfield Strait (region “A”).

The present paper reports the results of an estimation of krill stocks
and a map of their distribution within the region under survey, obtained
by hydroacoustic studies.

2. Methods

2.1. Research equipment

In studies applying a 24-h hydroacoustic watch system, the following

equipment was used:

— EK-120 vertical echo sounder (basic instrument);

— QMMKII analog echo integrator connected with the EK-120 echo sounder;
— EK-38 vertical echo sounder (auxiliary instrument);

— EK-50 net echo sounder;

— DDI digital depth indicator;

— SU2 sonar. _

All this equipment is manufactured by the Simrad Co. The hydrolocation
system installed on r/v “Profesor Siedlecki” has been described by Burczynski
(1973).

The area of the vertical cross-section of the krill aggregation was
measured in the echogram with a planimeter, and the length of this
aggregation — with a ruler.

Prior to the measurements, the hydroacoustic instruments were calibrated
in acoustic and electric units.

For the EK-120 echo sounder, the following settings were applied:
— source level SL — 224 dB//uPa
— voltage response VR — —101.8 dB//1v/uPa
— working frequency — 120015 Hz;

— bandwidth — 3110 Hz;

— pulse power output — 441 W;

— pulse duration — 0.6 ms;

— range — 0—125m;

— ceramic transducer (beam width 4.5 deg);
— time-varied gain TVG — 20 log R.

Echo integration was carried out continuously in a 6—130 m water
layer.

The geographic position of the vessel was determined by the REDIFON
satellite navigation system installed on r/v “Profesor Siedlecki”.

2.2. Measurements

Krill stocks were estimated from the measurements of the physical
parameters of krill aggregations. For close insight into the estimation method
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applied, the procedures for measurement of the physical parameters are
briefly described.

The term “physical parameters” comprises the length, vertical cross-section
area, density and weight of the krill aggregation. These parameters were
calculated by the method reported by Olsen (1969), and by Johannenson
and Losse (1973). It was assumed that the shape of the aggregation is
cylindrical. A vessel flowing over the aggregation moves along some
of its vertical cross-section area. According to Olsen (1969), the mean
aggregation length d; (calculated from the echo sounder record) amounts
for aggregations of different spherical shapes to m/4 of the total real
aggregation length d.. Thus:

d,=—dy ()
4

where:

d.— total real aggregation length (m);

dr — mean aggregation length recorded by the echo sounder (m).

When calculating the vertical cross-section area of the aggregation, it
was assumed that the apparent area of the surface Po, measured from the
echogram, equals the area of an ellipse with equivalent surface Po.

On the assumption that one axis of the ellipse equals the length d,
from the formula for the area of ellipse, the height H was calculated.

The aggregation volume was calculated from the formula for the volume

of a rotational ellipsoid:
4 d.\?
V=——7r<—°—> -H (2)
where:

V— aggregation volume (m?);

H — real aggregation height (m).

The aggregation density was calculated from the equation reported by
Forbes and Nakken (1972), and by other authors:

- 10()‘]15",‘— D) (3)

o)

where: |

_0 — mean aggregation density (krill individuals/m?);

§, — mean volume-back-scattering strength (dB);

TS — mean target strength of krill (dB).

Krill target strength TS was determined from the formula reported
by Kalinowski, Dyka and Kilian (1981).

The volume-back-scattering strength S, was determined by means of an’
echo integrator, according to the method given by the manufacturer
(Simrad 1972).

When the aggregation volume V, density ¢ and individual krill weight p
are known, the aggregation weight W can be calculated:

W=o V-p 1073 @)
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where:

W — aggregation weight (kg);

p — weight of individual krill (g).
From the calculated length d. and weight W of each aggregation recorded,
the krill biomass was calculated at 1-h measurement intervals.

Let’s assume that on rout I, n krill swarms, with weights W,, W,, ...,
W, and lengths d,,,d.,,..d.,, were met. In accordance with the assumed
model of the aggreagation (rotational ellipsoid), the swarm length d, equals its
breadth. Krill biomass per an area of length | and breadth d; corresponding
to the different aggregations amounts to:

_owm oW W,
Qp— l~dc1 = l-dcz -+ ...+ l-dcn (5)
for |=1nM
- Wi
0,= 1852 ._Zl 7 6)
where:

0, — biomass (t/nM?);
W; — weight of i aggregation (kg);
d.; — length of i™ aggregation (m);
n — number of aggregations.
So obtained the biomass values were grouped into the following class
intervals (t/nM?): 0, 0.1—10, 10—100, 100—1000, 1000—10000.
The mean yields of krill cathes in hauls, carried out on r/v “Profesor
Siedlecki” in seasons 1975/1976 and 1976/1977, indicate that:
— concentrations involving a biomass up to 100 t/nM? are low,
— concentrations with biomass between 100—1000 t/nM? are medium,
with catch yields of 5—10 tons per hauling hour,
— concentrations higher than 1000 t/nM? are high, with catch yields
exceeding 10 tons per hauling hour.

3. Results

During the studies performed in the Drake Passage and Bransfield
Strait between 14 Febr. — 12 March 1981, a total of 2775 krill aggregations
(including 1428 and 1347 aggregations in the Drake Passage and Bran-
sfield Strait, respectively) were measured for estimation of the krill stocks.
The total krill biomass in the Polish Survey Zone was assessed at about
3.5 min tons, with comprising about 1.2 and about 2.3 min tons in the
Drake Passage and Bransfield Strait, respectively (Table I). It is noteworthy that
the region with a biomass greater than 100 t/nM?, ie. the region promising
high catching yields, accounts for only 13.59% of the whole area studied,
whereas the region with a biomass above 1000 t/nM?, ie. the region with
the highest yields, represents only 149, of the whole area. This indicates
that the main mass of krill accumulates within a relatively small water
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zone. In the course of the FIBEX expedition, the Bransfield Strait was
such a zone. It is of interest that during the earlier Antarctic expeditions
of r/v “Profesor Siedlecki”, krill accumulation was never so big in this zone.
An analysis of the krill stock distribution map (Fig. 1) indicates that big
krill concentrations in the first place occur over the shelf regions.
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Fig. 1. Distribution of krill biomass (t per nM?) 1 —survey area, 2 — region without krill,
3—0.1+-10t per nautical square mile, 4 — 10+ 100, 5 — 100+ 1000, 6 — 1000 <+ 10000.
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4. Discussion

Krill stocks have been studied since a long time by different methods,
beginning from the simplest ones (visual observations), through plankton
net catches, and ending with hydroacoustic methods applied during the
FIBEX expedition. The dissimilarities in the methods result in differences in
the accuracy of the results. The hydroacoustic method permitting continuous
24-h observations of waters and applying equipment based on the most
up-to-date measurement techniques (echo sounder, echo integrator, computer)
provides the most reliable results. Findings of various authors using different
measurement methods are presented in Table II. Marr (1962) has estimated

_ Table IL
Krill biomass estimation by various authors
Author Biomass 3ensny Region Method
(g/m?)

Marr (1962) 2.5 Weddell Sea visual observations, net
sampling

Marr (1962) 28.29 South Georgia visual observations, length
measurements, krill from
whale stomachs

Pommerantz (1978) 0.0015—123.8 Scotia Sea net sampling

(median 0.83)

Doi and 129 54°—58° E acoustic surveying

Kawakami (1979) 65°—66° S combined with commercial
catches

Kalinowski and 7.1—-25 Western acoustic surveying by means

Witek (unpublished Antarctic of echosounder echointegra-

data) tor and krill target strenght

) measurements
Kalinowski 84 Drake Passage as above
Kalinowski 100 Bransfield Strait as above

the density of krill and the size of its aggregations by.visual observations
from a vessel in the Weddell Sea; on the basis of hauls performed at
oceanographic stations using plankton nets, he has assumed the mean
weight of a single individual to be 0.06 g and then estimated the mean
krill biomass at 2.5 g/m% However, in the light of Heyerdahl’s data of
1932, Marr (1962) has concluded that the above-mentioned weight of a single
individual (0.06 g) is very small and cannot be representative of the total
Antarctic. Thus, Marr (1962) has assumed after Heyerdahl (1932) that
the mean weight of a single individual is 0.72 g:. on this basis he has
calculated the mean biomass to be 28.29 g/m?, and suggested that this level
may apply to the total Antarcticc. Doi and Kawakami (1979) have
performed hydroacoustic observations and used the results of industrial
catches carried out within an area with coordinates 54°—58° E and
65°—66" S: from these data they have evaluated the mean krill biomass at
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129 g/m?. Pommerantz (1978)") has estimated the krill biomass from the
results of plankton net catches at stations in the Scotia Sea; his results
remain within the range of 0.0015—123.8 g/m? and the calculated median
is 0.83 g/m’. Kalinowski and Witek (unpubl. data) on the basis of echo soun-
ding and echo integration, performed in the Western Antarctic, have specified
the biomass density distribution to be asymetric right — slanting and then
calculated the modal biomass amount to 7.1 g/m? and arithmetic mean
25 g/m?. It is evident that the dissimilarities between the results of various
authors are very great; this is —among others —due to differences in
the areas surveyed. The Bransfield Strait or the Japanese Survey Zone
(Doi and Kawakami 1979) exhibit very great krill concentrations, whereas
the Scotia Sea and Drake Passage are characterized by low ones. The
above discussed biomass value in g/m? has been used for estimation of
the krill stock in the Antarctic; since this value greatly depends on the
area under study, the total krill biomass expressed as the product of the
Antarctic waters surface area and mean biomass also differs. Doubtless, the
value given by Kalinowski and Witek (unpubl. data) seems to be most reliable
for estimation of the total krill biomass in the Antarctic, on account
of the very wide area surveyed (Western Antarctic — assumed to be the
area from Peter I Island in the Bellingshausen Sea to South Shetland
Islands in the Scotia Sea) as well as owing to the up-to-date measurement
methods used. According to these authors, krill stocks in the Antarctic
may be estimated at the level of 100—400 min tons.

5. Pe3rome

B pamkax skcnepumenta PUBIKC ¢ 14 pespans no 12 mapra 1981 r. B paiioHax npo.insa
Jpeiika u nponuBa bBpaHchuin Obina npoBeneHa aKycTHYeCKas OlLIEHKA pECYpCOB KpHJIs
¢ MCHOJIb30BaHMEM ruapoakycTuyeckoil annapatypbl Ha HUC “Tlpodecop Cenneuxu’. IMoy-
YeHHblE pe3yJbTaThl NMpeacTaBieHbl B Tabauue I, a kapra pacnpenesieHus KpuJis u3obpaxeHa
Ha puc. 1. OOlMe KO.IHYECTBO KPHMJISl B HCCJIEIYEMOM paHOHE OLIEHEHO Ha 3.5 MJH. TOH,
B 3TOM 1.2 MJH. TOH B mponauBe [peiika u 2.3 muH. ToH B mposuBe Bpancouna.

OOHapyXeHO, YTO OCHOBHasi 6MoMacca KpHJISi HAaXOJUTCH B OTHOCHTEJIBHO HEOOJBIIOM IO
OTHOILIEHHIO K MPOCJIEXXEHHOMY paiioHy akBaTopuu. Takum paiioHOM sBisercs mpoyus Bpanc-
¢unn, kotopslii 3aHuMaeT 13.79, Bceil MOBEPXHOCTH HCCIENOBAHHH H CONEPXKHT 669 oleHEeHOH
6HOMACChl KpHUJIAL. :

6. Streszczenie .

W czasie trwania eksperymentu FIBEX, w dniach 14 luty—12 marzec 1981, w rejonie Cie$ni-
ny Drake’a i Cie$niny Bransfielda, na statku r/v “Profesor Siedlecki”, przy uzyciu sprz¢tu
hydroakustycznego, przeprowadzono szacowanie zasobow kryla. Wyniki tego szacowania przed-
stawiono w tabeli I, a mape rozmieszczenia zasobow na rys. 1. Laczne zasoby kryla w tym
rejonie oszacowano na 3,5 min ton. W ‘tym 1,2 min ton przypada na Cie$ning Drake’a,
a 2,3 min ton na Cie$ning Bransfielda.

!) Pommerantz T. 1978 — Attempts for quantitative studies on the distribution of adult
krill Euphausia superba Dana in the Scotia Sea — Pap. ICES C. M. 1978/L:5.
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Stwierdzono, ze podstawowa biomasa kryla wystepuje na niewielkim w stosunku do prze-

badanego obszarze wodnym. Takim rejonem w czasie FIBEX byla Ciesnina Bransfielda,
gdzie na obszarze stanowiacym 13,79 catosci bylo nagromadzone 66%, oszacowanej biomasy kryla.
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