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ACOUSTICAL ESTIMATION
OF THE ANTARCTIC KRILL SWARMS SPATIAL DISTRIBUTION AND BIOMASS

The method of acoustic express-evaluation of the krill (Euphausia superba Dana) population spatial structure and
determination of its accumulations biomass, with 80 kHz echosounding frequencies has been worked out during the
7-th Ukrainian Antarctic expedition. The method error does not exceed 10 %, which permits to recommend it for
usage under the Antarctic krill fishery conditions. The principal possibility to acoustically express-evaluate choro-
logical structure of the Antarctic krill population has been shown. Formation by krill of dense accumulations of dif-
ferent form, elongated for 6 miles, appeared to be an expressed feature of krill behaviour during observations. The
school type 1n krill distribution was observed as well. Parallel to this the accumulations location depth varied in the
limits of 10-70 m, and their height made from 5 to S0 m.
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Rather numerous literatures are dedicated
to studying the Antarctic krill (Euphausia superba
Dana) biology taking into consideration trade im-
portance of this species (8, 9, 11]. But its behavior
reactions (especially at swarms forming) are in-
vestigated insufficiently in spite of some impor-
tant results, achieved in this field [8]. It was
shown, in particular, that krill accumulations at the
depth of 180 m have complex spatial structure,
depending on localization horizon, vertical gradi-
ents of hydrological and hydrophysical parame-
ters, day time, luminosity and other [8].

But as it was shown earlier by us [13, 14,
15], spatial heterogeneity of zooplankton organ-
isms, including krill, is the most important ele-
ment of the plankton community functioning, de-
termining transformation of the matter and energy
on the food chains in the pelagial ecosystem and
its productivity. It is hard to overestimate, in par-
ticular, actuality of the task of operative and

probably more precise assessment of the krill and
its biomass accumulations spatial structuredness
for fish industry.

The following task was put for partici-
pants of the 7-th Ukrainian Antarctic expedition
(UAE) from the Institute of Biology of the south-
ern Seas of NAS of Ukraine: to work out method
of the express instrumental assessment of krill
accumulations spatial structure and biomass in the
Sea Scotia and adjacent regions.

Acoustic methods of the biotic pelagial
characteristics studying [4, 5, 14], approbated in
the number of regions in the World Ocean were
applied for the stated task solution in connection
with the known limits, which occurs under using
the catching tools, used by the classic hydrobiol-
ogy [6, 12] under studying the spatial structure
and temporal changeability of the pelagic commu-
nities.
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Material and methods. Complex investi-
gations during the 7-th UAE were conducted in
the aquatoria with the high biological productivity,
which include Bransfield Strait, south parts of the
Drake strait and Scotia Sea, and also the north-

western part of the Waddell Sea. The main ways
of the krill migration and important industrial
area, which is limited by the Scotia Sea front from
the north, Waddell Sea front from the south (fig.1)
are situated in this region.

h400 6359 4500 42 5 Hz 0o IR A10° 6040 B0
Ly 5o Livingstone Island = .- %qu .
13 % - 5
Smith Island g 40@ < \ 50@
420 1R 22 % «— 30 1 39 0“3 51‘ S
é__ @é @ - 42 @

12 %

Aa 02

u@* “zs@}}tz‘* 38@«43*“ @ _ 0@

15k 1@< 24*«——8®\<ss®a7 *
~a g

A

at

-

44@ f .
éé%“f@ -

.

J 36&
>

Fig. 1. Stations scheme of hydrobiological investigations carried out in the oceanographic tested area of the Brans-

field Strait region
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paiioHe nposiBa bpancgunn

Investigated region is characterized by the
bottom complex topography (presence of many
islands, rises and cavities) and hydrological situa-
tion (western periphery of the Waddell Sea waters
and waters of the Bellinshausen and Scotia Seas
junction zone is located in this region), which in-
fluence considerably stratification of the hydro-
logical and biological parameters. Western part of
the Waddell Sea Front and corresponding currents
are formed here and they remove krill juveniles
from the shelf regions into the large-scale
branches of the Antarctic circumpolar current,
which transports krill far to the east in the region
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of the Southern Orcadian Islands and further to the
Southern Georgia [2].

Krill search was realized with the help of
hydroacoustic complex “Scat-Plankton™, carried
out in the IBSS of NAS of Ukraine and intended
for the work with hydroacoustic systems of verti-
cal action in the frequency range of 10 - 200 kHz
[14]. The tack net for krill accumulations biomass
estimation covered all investigated region.

Two «SCAT» complexes of two frequen-
cies realized Echo signals registration:

Mopcukuit exonoriannii sypran, Ne 1, T.1V. 2005
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a) with the help of oscillator of the vessel echo-
sounder with the work frequency 169 kHz and
sending period 0.6 seconds. Recording was real-
ized with the averaging of 10 sending, in other
words every 6 seconds.

0) with the help of oscillator of the “Plankton —
2” complex, located at the outrigger rot. Work
frequency is 80 kHz and sending period is 1 sec-
ond. Recording was realized with the averaging on
5 sending, in other words every 5 seconds.

Every record was conducted on the
straight sections by the tack and distances between
stations, fixing current coordinates. Frequencies
(169 and 80 kHz), chosen by us for the hy-
droacoustic researches turned out to be optimal for
the works in the Antarctic basin, taking into con-
sideration closeness of the equivalent diameter of
the resonance scattering at the frequency of 80
AHz (1.875 cm) to the sizes of the singular scatter-
ers in this region, and also possibility of work with
the vessel moving in the range of upper productive
layer (0 - 200 m).

Complex “Scat” worked in regime of the
program exchange with the ECM in a numerical
form and registered echo signals with resolution 1
m at the depth without disturbances under sea
force 6-7 and under vessel speed 13 knots with the
reflecting the echogram in real and deferred time
scales on the color monitor. All the material col-
lected under acoustic measurements turned out to
be enough for the stated task fulfillment (table 1).

Three trawl catches (fig.1) by the trawl of
Aizeks-Kidd in  modification of Samyshev-
Mamaev (AKSM) with the enter aperture of 0.6
m? length of 18 m, without knot del with the 3 mm
cell [10] were conducted for estimating the krill
stocks, its size composition, weight range and fat-
ness.

Unfortunately, trawling scheme, used in
this cruise under vessel movement in the stern di-
rection did not provide needed exactness of ac-
cumulations find out, because the vessel moved
backwards with the trawl circling with the

Table 1. Acoustic measurements materials during the 7-th Antarctic expedition (December 2001 — May 2002)
Tabn. 1. O6beM maTepuana no akyCTHYECKUM H3MepeHHsM 7—oif AHTapkTuueckoii sxcneauunu (nexkadps 2001 —

maif 2002 rr.)

Number of the crossed miles

Tested area Data Sounds number with the record COOP3
Testing area in the Bransfield Strait 08.03 -18.03.2002 124516 674
Testing area at the King-George Island 23.03.2002 , 9572 103
Testing area in the lagoon of the De- 21.03 -22.03.2002 6191 -

sepshen Island

diameter of about 50 m. But the unavoidable
measurements mistake was minimized thanks to
the complexness of the researches carried out.

Results and discussion. Formation of the
thick accumulations of the different shape with the
6 miles length was a pronounced feature of the
krill behavior in the given observations period.
Depth of the accumulations location varied in the
limits of 10 — 70 m, and their height — from 5 to
50 m. Different krill behavior was observed some-
times in the night time, when it was situated, the
depth to 60 m were registered rarely.
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Echogram fragments, obtained under one
of trawls of the krill accumulations are presented
in the figure 2 (trawl motion trajectory is marked
by the line), and the echogram fragment obtained
with the help of “SCAT” complex in the night
time in the Zherlash strait region and three-
dimensional picture of the registered accumulation
is presented in the figure 3. Fulfillment of the
complex acoustic and hydrobiological surveys
permitted to determine spatial structure of krill
accumulations precisely enough and to work out
algorithms of their biomass evaluation. Matrixes
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Fig. 2. Echogram fragment of the krill accumulation N2 trawling
Pric. 2. DparmMenT axorpamMmer Tpanenus No2 ckonnennit kxpuns

of the echogram codes with the calculated inten-
sity values for each 1 m of the layer were the ini-
tial data for processing the echo-shooting results.

Correction of the calculated intensity val-
ues of the sound volume backscattering strength
(SVBS) by the operator was realized for this at the
first working stage. It included visual control of
the work echograms and excluding the “non-
biological” indices sum intensity, in other words
other noises and these from the parallel working
devices, signals, reflected from the bottom and
others, got into the noises integration range. Echo-
integrating method, based on the linear depend-
ence between density of the given scatters «p»
accumulation and sum energy of “M” echo signals
from this accumulation, was used for the krill
biomass calculation.

Calculated value M for n,,. sendings was
reduced to the shooting regime, in other words
integral M was calculated for the n, sendings

number for the 1-mile measurements interval. And
coordinates, given by the map-plotter GPS were

bound to each measurements interval. Codes ma-
trix transformation into Sv - sound volume back-
scattering strength matrix (SVBS) - was realized
according to the results of complex calibrating by
the etalon sphere on the formula 1 taking into con-
sideration increase of the layer target strength with
the depth because of the increase of the irradiate
zone proportionally to the depth square.
Target strength of the sounded volume:

IS =S,V = S,(yR’ -?;">, (1)

where:

TS — target strength of the sounded volume;

S, — sound volume backscattering strength
(SVBS) in Im’;

V — sounded volume, m%;

R - distance to the sounded volume, m;

w - corporal angle of the equivalent direction
characteristics.
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Oepth, m
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Fig. 3. Krill swarms echogram fragment, recorded by the “SCAT” complex on March 19 2002 at the night in the

region of Zherlash Strait and its three-dimensional image

Puc. 3. dparment sxorpammsl, 3anucanHol kommekcom « CKAT» 19 mapra 2002 r. B HOuHOE BpeMs B paifoHe npo-

nusa XXepnauwr v ero 3-X MepHoe uzobpaxenue

Signal value at the measurement system
outlet under 1 m of sounding volume target
strength measurement is equal to:
IS = A°N 2)
where:
A — dimensionality (weight) of the information
code under the given intensification coefficient,
sending duration and band (A are determined at
calibrating by the etalon sphere);
N — informational code.

After formulas (1) and (2) transformation

we have: A-N =S, (yR? CT“) , from which:
4 2

A-N
S, = B (3)
A ]
5 2

Thus, transformation of the codes matrix
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into the S, (SVBS) matrix was conducted taking
into consideration increase of the sounded volume
with the depth because of the increase of the irra-
diated zone proportionally to the depth quadrate.
The average spatial density in m
(P,.., gem™) in the 1-meter layer of i-horizon at the
“measurements interval” (1 mile) was calculated
for to quantitatively evaluate stock of the concrete
sound scattering species:
S, W
P e
7S
where W — scatter weight;
TS, — scatter target strength.
We obtain P,,, for each 1-meter layer in-
troduced values obtained in the formula (3) into
the formula (4):

3
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A(

n
P, = £
avr 5 cz_ (5)
wR; =y IS

where: £N, — codes sum on i horizon after vessel

covered 1 mile;
n, - echosounder sends number for the 1 mile

interval.

We obtain P,,, value of the i horizon of
the 1-meter layer in decibels algorithmated ex-
pression (5):
10LgP,,, =10Lgd +10Lg (ZN/n;) +10LgW -
10Lg¥ —20LgRc ~ 10Lg(c1/2) ~TS, (6)

We get the following expression having
joined values, obtained under invariable sending
duration:

K4 = 10Lgd — 10Lgy — 10Lg(ct/2) (7

Then: 10LgP,., = K4 + 10Lg (ZN/n;) + 10LgW
-20LgRc - TS (8)

10LogP,,,, values, calculated according to
the formula (8) for all horizons (R from 5 to 200
m) were summed up for to determine scatterings
average density under the square meter of the wa-
ter column.

Calibrations of the measuring complex
(through channel of the vessel echosounder and
device “SCAT”) by the etalon copper sphere with
the diameter of 30 mm and target strength — 39.7
dB were conducted for to determine dimension of
the information code (10Logd) under Ky coeffi-
cient calculation.

TS =10Lgd4 + 10 LgV, 9
from which:

10Logd =TS, — 10 LgN, (10)
where: TS, — target strength of the calibration
sphere,

N — code maximal value from the sphere, regis-
tered by the “SCAT” complex.

Under reinforcement coefficient of the
complex «40» dB N = 5850.
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In this case we obtain:
10Lgd =-39.7 - 10Lg5850 =-39.7 - 37.67 =
-77.37 dB. (an

Other K4z components (formula 7) are de-
termined by the technical characteristics of the
measuring complex and made:
10Lgy =-13.17 dB,
10Lg(ct/2) =-4.3 dB nna 1= 0.5 mc.

Then:
Kg = 10Lgd - 10Lgy — 10Lg(ct/2) = -77.37 +
13.17 +43=-59.9dB

Krill average weight (W) and its sizes
were determined by the trawl catches. Table 2 was
made up according to the results of the control
trawls and krill average length L and mass W in
the trawl samples is pointed in this table.

Table 2. Size-weight characteristics of the caught krill
Tabn. 2. Pa3MepHO-BECOBbIE XapaKTePUCTHKH MOAMaH-
HOTO KpHAs

Ne Krill | Average | Krill weight | Knll
trawling | size size (L), | range, g average
range, | mm weight
mm (W), g
Nel 23-26 245 0.086-0.130  0.108
Ne2 23-25 240 0.080-0.086  0.082
Ne3 22-30 260 0.07 -0130 0097

Krill target strength (TS) was calculated in
coherence with WG-Krill SC-CAMLR [1] rec-
ommendations and the krill trawl aiming catch
verified results obtained. Krill values 10 IgW and
TS are represented in the table 3 depending on its
sizes.

The following values were used for to cal-
culate krill biomass in the investigated: average
size — 25 mm, average weight — 0.096 g. The tar-
get strength (TS) = - 82.7 dB corresponds to the
given krill parameters.

The main formula, which takes into con-
sideration these values, can be written as follows:

10LgPar = -59.9 + 10Lg (IN/n,) — 402 —
20LogRe + 82.7

Mopcskuii ekonoriuuit swypuan, Ne 1, T IV 2005
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Table 3. Values 101g/ and TS under krill different lengths (L)
Tabn. 3. 3nauenus 101gh v TS npwu pa3noit wnue (L) kpuis

[ Parameter ] Indices values J
L, mm 22 22.6 28.1 350 353 35.6 36.1 36.3 38.0
TS, dB -84.53 -84.12  -80.82 -77.50  -77.33 -77.24  -77.0 -76.95  -76.2
101gW, dB -11.19  -10.81 -7.79 -4.74 -4.62 -4.50 -4.30 -4.23 -3.56
L, mm 38.3 40 41.9 429 452 46.7 46.9 479
TS, dB -76.14 7548  -74.78 7442  -73.63  -73.13  -73.06 -72.75
101gW, dB -3.49 -2.88 -2.24 -1.91 -1.19 -0.73 -0.67 -0.38

and after constant values summing up:
10LgP,,, = -17.4 + 10Lg (ZN/n;) — 20LgRe (12)

Actual values of the caught krill accumu-
lations density under obtained formula use oc-
curred to be comparable with the calculated val-
ues, obtained with the help of the mentioned for-
mula. Discrepancy of the compared values did not
exceed 10%.

Plane-table of the tested area with point-
ing the vessel’s route, stations, where hydrobi-
ological mcasurcments were carricd out and
places of the control trawlings were shown was
plotted with the help of the software according to
coordinates after the shooting. Calculation of the
scatterers density distribution along the whole ter-
ritory was conducted after calculation of the krill
biomass at each measurement interval equal to |
mile (fig. 4).
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Fig. 4. Krill biomass distribution (kg-m'z) according to the hydroacoustic survey data on the tested area in the region

of Bransfield Strait in the period from 08 till 18 March 2002
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nposusa bpancdunia B nepron ¢ 08 no 18 mapra 2002 r.

Krill accumulations of the industrial im-
portance (kgem™) in the Bransfield Strait region
can be well seen at the plotted map. As we can see
at the figure 4, considerable (industrial) krill ac-

Mopchkuit ekonoriutuii iypnan, Ne 1, T. [V. 2005

cumulations were registered in the south and
southeastern tested area parts in the coastal and
near islands sections.
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Accumulation length is 7.2 miles with the
biomass maximum 1.2 kgem™ at the Snow Island
and accumulation length is 15.8 miles with the
maximum 1.31 kgem™ at the Trinity Island (fig. 4).
Accumulations at the distance of 11.2 miles with
the maximum 0.55 kgem™ were registered on the
spot of trawling Ne 2 (fig. 1). Krill was registered
at the square of 3472 miles? from the total square

of 7900 miles’ and its stock made no less than
961500 t with the crayfish average biomass of
75.0 gem™ according to our calculations.

Krill accumulations of industrial impor-
tance were revealed at the King George Island,
where unplanned acoustic shooting was carried
out (fig. 5).
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Fig. 5. Krill biomass distribution (kgem™) according to the hydroacoustic survey data on the in the King-George Is-

land tested area in March 2002
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Krill was registered at the square of 97.9
miles’ in this region with the tested area square —
685.3 miles”. Its stock with the average biomass of
116.0 g*m~ in the aggregations of the different
type was 39211 t. But about 15 % of the observed

square was occupied by krill or in other words
97.9 miles”.

Total and average stocks of the 2 tested
area squares observed, calculated according to the
worked out algorithms are pointed in the table 4.

Table 4. Krill biomass calculation results in the investigated regions
Tabu. 4. Pesynurarhl pacuera G1omacchl kpuiis B paiioHax uccieoBaniii

[ Region of investigations Total stock, t Average  stock at the researched
tested area square, t-mile”
Tested area in the Bransfield Strait 961500 121.7
Tested area at the King-George Island 182565 6193
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As 1t follows from the represented 1llus-
trated material and comparison of the data ob-
tamned with the results of numerous acoustic and
hydrobiological shootings of other expeditions [3,
4,5, 7, 9] the worked out algorithms of the acous-
tic express-estimation of krill distribution along
the studied aquatorium and determation of the
its accumulations biomass are quite rehiable

Conclusions. 1. Principal possibility of
the express-assessment of the horological Antarc-
tic krill population structure according to the pa-
rameters of the spatial-temporal changeability of
the pelagial acoustic characteristic 1s shown 2.
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AKYCTHYHA OLIHKA NPOCTOPOBOro po3nodijsy Ta 6iomach 3rpail aHTapkTHYHOro kpuaw. Tokapes F0. M., Ba-
cuaenko B. L., XKyk B. ®., Cokonos B. I'., Chineubkuii . 5. Y nepion 7-1 AHTapkTH4HOT ekcrieauuii Vkpainu
pO3pobaeHHH METOA aKyCTUHHOI eKCNpec-OLiHKM MPOCTOPOBOT CTPYKTYpH nonyasuiit kpumo (Euphausia superba
Dana) i Bu3sHauenHst 6iomacy Horo ckynueHs npu 4actoti exonouitoanus 80 kI'u. ITorpiwHicTs MeTOLY He nepe-
suiye 10 %, ul0 [03BOJIAE PEKOMEHTYBATH L METOJ Al BHKOPHCTAHHA B YMOBAX @HTAPKTHYHOIO IPOMHCIY
kpumo. [Toka3aHO MPHHUMMOBY MOXJIHBICTh aKyCTH4HOI €KCIPEC-OUiHKH XOPOJIOriuHOl CTPYKTYpH monynsiuiil au-
TapKTHYHOTO KpWIO. BupaxeHow ocobnusicTio noBeninku Kpumio B nepios CroCTepexeHb BUsBUI0CA GOpMyBaHHs
HUM WTBHUX CKYMYEHDb Pi3HOT dopmu, HOBXHHOW 10 6 Munb. CrOCTEpirascs TaKOX 3rpaiioBUil TN po3noainy
kpumo. IiMbnHa po3TallyBaHHs CKyM4YeHb KOJIUBANACA NpU LboMy y Mexax 10 — 70 M, a IXHA BUCOTA CTAHOBUIIA Bifl
5 no 50 m.

Kinio4oBi cjioBa: akycTHKa, aHTApKTHYHMIT KPUAb, po3noain, 6iomaca

AKYCTHYeCKasi OU€HKa MPOCTPAHCTBEHHOro pacnpeaeseHus H 6uomacchl cTafi aHTapKTH4YeCKoro kpuas. To-
kapes 0. H., Bacusenko B. U, XKyk B. ®@., Cokonos b. I'., Caunenxnii J. 5. B nepuoa 7-it AHTapKTHUECKO!
IKcneaMuMK YKpauHsl paspaboTaH METON aKyCTHHECKOH 3KCMpecc-OUEHKH MPOCTPAHCTBEHHOH CTPYKTYPbI MOMyJs-
uni kpuns (Euphausia superba Dana) u onpenenenus 6uomMacchl ero cKOrieHui npu yactote axonourposanns 80
k' Morpewnocts MeTona He npesbitiaet 10 %, 4To NO3BOJSET PEKOMEHAOBATDL 3TOT METO JUIA HCMOJb30BAHUA B
YCNOBHSIX aHTapKTHYECKOro npombicia kpund. [lokasaHa NpUHUMNHANLHAA BO3MOXHOCTh aKyCTHUYECKOHM 3Kcrpecc-
OUEHKH XOpOJOrHyeckKoii CTPYKTYpb! MOMyNsSUMi aHTAPKTHUYECKOro Kpind. BripaxeHHOH uepToil NoBeaeHUs KPHIIA
B repuoj HabmoAeHuH okazasoch GOPMHPOBAHME MM TLIOTHBIX CKOMJICHHH pasnuyHON GOpMbI ¢ NPOTHKEHHOCTHIO
1o 6 munb, Habmopancs takxke cTailHelit THN pacnpeneneHus kpuns. [ybuna pacrnonoxeHus ckonneHni koneba-
nach npu 3ToM B npenenax 10 — 70 M, a HX BbIcoTa cocTasisiaa oT 5 10 50 m.

KmoueBsbie c/I0Ba: aKyCTHKA, AHTAPKTHYeCKHI KPHb, pacnpeaesielue, Guomacca
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