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Abstract 

On the basis of acoustically registered krill swarms along a 1097 nm transect in the area 58 of Indian Ocean 

Sector of Antarctic region, the biomass density of krill, their spatial and depth distribution are presented. 

The mean density of krill biomass between 60°00'S and 61°00' S parallels 34"007E and 40°00'E meridian 

was recorded as 0.6t.km-*. Presence of krill was not observed north of 60°00' lat. Factors which influence 

the abundance of krill in the area are discussed. Different forms of krill swarms observed during the survey 

are illustrated and defined. 

Introduction 

Since the last century it is known that the major component of the Southern 

Ocean food chain is a small crustacean-krill (Euphausia superba,-Dana), which plays a 

key role as a basis of food for almost every animal in the regon - squids, fin fishes, 

whales,penguins,seals etc. Due to the increase in demand for animal protein of marine 

origin and the changes in the accessibility of fishing grounds, in 1970's many countries 

have shown increased interest in the possible exploitation of Antarctic knll resources. 

Expanding commercial exploitation of krill catching increased during the two decades up 

to about 1989 when coIlapse of the Soviet Union and crisis in Poland brought about a 

decrease in annual catch from about a half million tons to around 1,00,000 tons. 



Krill occurs in the wide circumpolar belt between the Antarctic continent and the 

Polar Front. It is important that knowledge about knll abundance and distribution, their 

resources are important for commercial venture in to the exploitation of the krill by the 

fishing industry. In view of protecting ecosystem of the Antarctic regon especially in the 

Atlantic sector where over 90% of the total world catch was concentrated, the 

Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR) set 

maximum limits for b l l  catching in the South Western Atlantic (Statistical Area 48), on 

the basis of krill biomass estimation received after the FIBEX program in 199 1. 

The estimation of the total biomass of krill for the whole area of the Southern 

Ocean has begun quite early in 60's using indirect methods based on primary production 

of the Southern Ocean, assumption in predator consumption, surplus of krill arising from 

the depletion of stock of whales and other methods. The results of these methods gave 

minimum amount of knll in the area because of their methodologies. 

In the last 30 years the total knll standing stock in Antarctic area was evaluated 

by many researchers using at the b e w i n g  indirect methods, based on the food of 

predators (Liubimova and Shustov,l980). The methods gave results in the range of one 

order values fiom 130x 1 o6 tons (Everson, 1977) to 1350x1 o6 tons (Makarov-Shevstov 

1971). In 70's new direct methods were developed and applied, which included net 

sampling supported by acoustics. Based mostly on experimental data fiom numerous 

scientific expeditions, acoustics indicated surprisingly the same range of values as 
Everson (1977) and Makarov and Shevstov (1977). The first knll biomass estimations 

obtained by acoustics method varied from 440x10~ by Kalinowsla and Witek (1985) to 

1200x10~ tons by Doi and Kawakami (1980) based on the data collected for South West 

Atlantic where the knll fishlng activity was concentrated. This estimations assumed that 

the krill patches were distributed over the whole Southern ocean area around the 

continent from the polar front i.e.36x106 km2 . At present it is understood that it is not so, 

because commercial fishing is concentrating in the south-west Atlantic sector and very 



limited zones of Indian and Pacific sectors. Worth fishing concentrations are likely to be 

near to the continental shelf to 150m depth only. 

According to Itchli(1990), knll is concentrated at the shelf break and at frontal 

zones in the Indian and Pacific sectors of Antarctic region. But the informations on the 

Indian Ocean sector of the Southern ocean region is very limited. In this paper it is 

attempted to give the results of the survey area of Indian sector of Antarctic regon in the 

northern part (Area No.58.4.4) by giving krill abundance and distribution in water masses 

and the biomass based on the acoustic survey camed out onboard FORV Sagar Sampada 

during Jan-Feb 1996. 

Theoretical Background 

Acoustics 

Among methods of knll biomass estimation in the ocean, the most popular is the 

one whch is based on the backscattering of acoustical waves. The investigations of krill 

concentrations and resourse assessments were perf'ormed using standard echointegrator 

routine. This method is particularly useful for large areas, where it is assumed scattering 

effecte is at the main scatterer. This effect is much higher above the reverberation level 

in the case of krill than in the case of other type of inhomogeneities (fish,salps and 

plankton). However, in blooming period dense layors of plankton and salps could bring 

about considerable errors during estimation. 

The measure of reflectivity of an acoustical wave at a single target (scatterer) is 

defined by so called target strength - 
TS: 

where , Isc - backscattered intensity of acoustical waves at the unit distance R-1 m 

from a target, 



Ic - intensity of the incident wave, 

o b S  - backscattering cross section of the target in m2 

The target strength for the single scatterer in complicated manner depends on the 

ratio of the wave length - h to the characteristic dimension of the scatterer - L, where L 

could be for example length of an animal or diameter of equivalent sphere with volume 

equal to volume of scatterer. In some range of values of hn, TS is positively 

proportional to log L. We could presume that this condition is fulfilled in the case of krill 

when the frequency of echosounder is in range of above 120Khz. 
Target strength length relationship has a quite long history. There are more than 

100 different versions of formulae. 

TS = b loglo(L) 1 d (2) 

with different values of b and d, which presented by different authors for the same 

frequencies showing an abnormal dispersion of values (Foote et al. 1990). As a source of 

disparities, besides the measurement errors, other factors must had certainly influenced 

the results, for instance, earlier measurements were performed at preserved or frozen 

knll. The TSIlength relationships used in biomass estimates were too high, thereby 

resulting in low biomass estimates for the whole regon especially during the BIOMASS 

programme. So, great attention should be paid while comparing data of other authors. 

In the last 5 years the new TSMll length formula for frequency of 120Khz which 

is recommended by CCAMLR was revised by Green et a2 (1990) as follows:- 

TS =34.85 log(L) - 127.45 (3 a) 
where L- is the length of the knll in mm 

This revised relationship was used in re-analysis of values of BIOMASS, mean biomass 

of b l l  surface density estimates (in g-m2) for each area where the program was 

performed. The new estimates of the total knll biomass are 5 times higher than the old 



one published for the West Atlantic area and two times than the old one in the Indian 

Ocean sector. 

Other frequently used formulae are: 

TS = 20 log(L) - 97.2 

TS = 19.9 log(L) - 95.7 

In case of many scatterers with different sizes the mean value of TS is used 

where, <L> is the mean weighted length of knll from the different catches . 
N 
Z niLi 

given by 1- 
<D= N ( 5 )  

x ni 
1 

where, ni - is the number of fish in the group having length Li and N is the total number 

of groups. 

In the present work for calculating the mean density of the biomass the mean o 

obtained from the length frequency distribution calculated from all net hauls (IKMT & 
Krill Midwater Trawl) taken in the cruise was used for TS determination, instead of 

mean length. 

where oi is backscattering cross section for scatterer of dimension Li (eq.5), 

ni- number of knll individuals in length range equal of 2mm i=[1 ...N] 



For example on the basis of the total knll length frequency distribution obtained 

for the whole area, using formula (4) TS49.16 dB and using formula (6) 

TS=68.15dB.This small but substantial distinction may lead to differences in estimation 

of the mean surface density (number of krill) by as much as 1.26 times. 

The other important definition in bioacoustics is the mean volume backscattering 

strength <SV>, which is the reflection property of an insonified volume holding N 

scatterers and normalized to the unit volume of 1m3 water. In the case of N identical 

scatterrs 

SV=lO log (N) + TS (7) 

In the present investigation the values of the <SV> whch characterised the 

abundance of krill biomass at different depths have been taken from echointegrator 

readings for 8 layers. In the homogenous case the SV is related to the N and TS of single 

scatterer which with the equation (1) is used for calculation of number of krill in unit 

volume. 

The knll weightllength functional dependence was also determined by a number of 

authors. In this case the results are non-controversial and are of the form: w=c.L~; and 

the results are almost identical; where W is the weight of the knll, C and A are constants, 

L is the length of the knll. In this work the weight of krill individual was calculated from 

the eqation gwen by Jazdzewski et aZ.(1978) in the form - 
W=O.OO 1 8 . ~ ~ . ~ ~ ~  (8) 

where L- length of knll in mm; 
W-wet weight of knll in mg. 

On the basis of measurement of krill length frequency distribution during the present 

study the mean knll length was equal to 47.0 mm including juvenile forms and the mean 

wet weight of individual krill determined from formula (8) was 1.02g. 



Equation(Simrad, 1972) used in analysis in the simplest fom for homogeneous 

distribution of knll in the total area is as follows- 

p=10 0.1 [SV-TS+lOlog(AR)] (9) 
where p- the mean surface density of knll, number of individuals in investigated water 

column under surface of 1 m2 

AR- the hckness of the integration layer of water column under acoustical 

investigation. (m) 

Now it is simply to receive the density of knll biomass of elementary transect 

length Dl by multiplying the mean weight of individual animal by their density. Biomass 

density B for relevant echo-integrator interval Di in gm mS or in tm-2 is obtained fiom 

B-wpi. Assuming the size of knll in length is evenly dstributed over the area and the 

mean biomass density B for the total acoustical transect length is calculated fiom the 

knll weight over the area was covered. 

In 
<B> = --- cw.  pi (10) 

ni= 1 
where,n - is the numbers of areas covered by the transect length. The total biomass BT 

was received multiply the mean biomass density by the total area inside the transect or 

covered by transects. 

Bp<B>A (11) 

This method is similar to original FIBEX approach.(Hampton, 1982) 

Recognition problems 

Patten recognition methods (Azzali,1982) were used in species recognition but 

with limited success (Scalabrin et.al1992). So powerful techniques as dual beam or split 

beam hardware could not be used for krill recognition. The most successfui methods in 

knll recognition could be multi or wide-band techniques whch allow distinguishing 

small individuals fiom mature individuals. The application of the hydroacoustic 

assessment techques for determination of taxonomic composition of biomass has been 



usually limited to the area, where net samples are taken. To date, the common method 

used is based on visual interpretation of echograms corrected by the echosounder 

operator in postprocessing. 

In the present approach to scatterer identification the following criteria were used: 
- form of aggregations on the echogram-their external size and shape, 

- SV data displayed on the colour monitor connected to digital high resolution 

system internal structure, 
- trawl data off line 

- and some information about position of salps and krill in the water column 

It is well known fact that soft bodied forms (salps) as a group are more common 

in the thermocline than in other more homogeneous water masses. In case of krill and 

salps present together ,species recognition could be also made employing the local mean 
target strength, due to reasonably discrete target strength distribution,. Some times, 

' different space structure of the organism allows the recognition (mature krill gives 

substantially larger echoes). Another problem arises when concentrations are formed by 

many very- long layers (sometimes intercrossed) of aggregations probably of different 

organisms or of krill of different size. Partitioning into separate concentrations of targets 

is impossible and an adcbtional multiplication factor: was used in this case far: comection 

of SV in each layer. 

It is worth to say that the biomass estimation varies depending upon the sampling 

techniques and data interpretation by as much as ten times. 

The total knll biomass estimations in Bransfield Strait during the FIBEX program 

(after Kalinowski et al. 1985) made by three authors resulted in different values which 

could be cited as an example: 



Experimental Investigations 

Area of investigation and influencing oceanographic factors 

Many authors tried to investigate the influence of different physical a d  

Author 

Biomass in 

million tons 

biological factors on knll space distribution and migrations i.e. influence of light, water 

hydrology (temperature and salinity), plankton abundance, mesoscale phenomena but 

they &d not come to final conclusions. It is well known that areas of shelf or island 

vicinity and the frontal zones indicate abundance of krill . In the study area bottom depth 

ranged between 4000 and 5600m, which is not an influencing factor for knll space 

distribution. 

Hydroacoustic investigations of knll abundance were located in the energoactive 

zone of the Southern ocean, in the belt between two major currents, Circumpolar and 

East Wind Drift. In this region meanders, fronts and mixing of water masses could appear 

and attract knll. Space concentration of krill along 61"s lat. transect and between 60"s 

lat. transects and 6 1 "S lat transects at the 33-36"E long. could suggest this fact. 

K a l i n o w s k i ~ )  

9.03 

CTD profiles revealed the hydrological situation typical for this region. At the 

surface the summer heated water was observed. Local surface water temperatures from 

60"s lat to the South was in range of 0.95"C to 1665°C. Under relatively thin mixed 

water layer with the thickness from 10 to 45m the Winter Antarctic water mass present. 

The coldest temperature of -1.7"C was observed in the area at the depth of 90m. 

Hampton(T!%2) 

1.32 

Lfilo& 

Guzman(1982) 

3.99 



During the season of measurements (Janwy-February) oxygen supersaturation is 

usually reported at the higher latitudes in many areas at the surface (Peng, et.al. 1985). 

Higher values of oxygen were registered to depths of order of l5Om in the area in all 

Winter Antarctic water. 

It is commonly recognised fact that ice presence act as attractor for krill 

(Godlewska and Klusek, 199 1, Godlewska,et. a1 199 1). During the cruise numerous 

icebergs were sighted in the southwest part of the area. Krill presence in these areas was 

hlgher compare to the other areas. 

Transect of the acoustical observations and the area of the cruise from 25.01.96 to 

14.02.96 is gven in Fig. 1. The coordinates of the starting point of observations 

(echogram records only) were 55'37' S lat. and 3 1'3 1 ' E long. Acoustical observations 

were concluded at 54'37's lat. and 34'59'E long. 

The process of echointegration began on 27.01.96 at 07.35 hrs UTC and at the 

position 60'58' S lat. and 32O20'E long. and concluded on 13.02.96 at 17.50hrs UTC at 

56'32' S lat. and 35'37'E long. with gaps caused by non availability of computer and 

dnfting of the vessel. Total length of the echointegration track was 1097 nautical miles 

and total duration of registration 225 hours. 

Experimental set-up 

The investigations of knll concentrations and resource assessments were 

performed using the standard echointegrator method. The calibrated EK-400 scientific 

echosounder SIMRAD's echosounder worlung at frequency 120kHz and connected to 

QD Echointegrator was used. The echo signal was integrated in an INM intervals within 

the integration depth range from 5 to 125m (starting from transducer position) in 8 layers, 

each 15m thick.Echosounder operated with the basic scale range equal 200m (ping rate 

61/63 per minute). The integrated echosignal was corrected for spreading and 



attenuation losses in the range of the depths above the echosounder TVG range 

i.e.froml07 to 125m. The upper 5-9m were removed to avoid summation of echoes from 

subsurface bubble layer. The pulse duration was set at 0.34ms and the beamwidth angle 

of the transducer 10". 

In addition another system was used in which envelopes of echo signals were 

digitized using an ADC system, visualized on colour monitor (16 colors) for on line 

identification purposes and recorded in a computer memory. The data acquisition system 

is based on the ADC with dynamic range 12 bits comparable with the QD system. The 

amplitudes of the echosequences of the signal envelope from the calibrated output of the 

echosounder were recorded with a sampling rate 3.3 - 3.5 KHz which enables 0.25m 

vertical resolution. All digitized data were stored on hard disk as matrices of 450-475 

(depth) by 128 (distance) samples. The two data acquisition schemes are given in Fig.2. 

Analysis procedure 

The most common approach in acoustic survey techmque for the biomass 

estimation is to devide the area into rectangles bounded by the lines of latitude and 

longitude. The samples in each rectangle are assumed to be homogeneously distributed. 

The mean biomass in the density in each rectangle is estimated and the total biomass is 

calculated as the mean density summed over of area. According to CCAMLR standards 

and requirements the biomass and catches of knll should be presented for the rectangles 

which are0.5" of latitude by 1" of longitude. In the present case, because of complexity of 

the survey transect another strategy was selected. 

The data were collected when work schedules and sea condttion permitted (in 

short periods of some hours the connector to echointegrator computer was used for other 

purposes). 



The precision of biomass estimation depends on the density of acoustical grid. 

Statistical method gves a tool to estimate the statistical error in the evaluated biomass, 

whlch is the coefficient of variation- CV (the rate of standard deviation by the mean 

density). The coefficient of variation CV depend on the "degree of coverage" according 

to the formula- 

C V ~ .  5 ( D I ~ A ) ~ . ~ '  

where, 

D / ~ A  - "degree of coverage" 

D - total length of track 

A - area circumscribed by the outer most limits of the transect. 

The coefficients of variation for the collected data are: 

for regular transects for the subarea between 60°00' S lat. and 61°00'S lat. and 340007E 

long. and 40°00'E long- CV = 0.3 1 

and for random transect in the subarea concentrated between 60°00' S lat. and 61 15's 

lat and 320007E long. and 44'00 E long - CV=0.29. 

Classification of Krill aggregations and examples 

Aggregations of knll extend horizontally in space f?om a few square meters only 

(patches) to more than many hundreds square kilometers (super aggregations, super 

swarms). In literature it is common to find different names of knll form groupings as : 

aggregations, patches, shoals, school, swarm and superswarm. Up today, the terminology 

of swarms is not well defined and sometimes misleading also. Sameoto (1983) found the 

most frequent length of knll patches to be 50m with the range. of variation fiom 25 to 

425m. Kalinowslu and Witek (1987) found that the statistics of horizontal dimensions 

of krill patches fitted the lognormal distribution (whereas it was proved by Klusek - it is 
pure Gaussian distribution, unpublished data). During this expedition iswarms fiom the 

smallest patches to 4 miles loose aggregation were observed (echopatches could be 



defined as groups of echoes with intensities greater than the local moving- averaged 

background). 

Examples of the best dstinguishable dense regularly formed swarms classified in 

literature as "foraging schools, in whch Euphausiids are tightly grouped and precisely 

oriented" are presented in Fig.3. These dense separated swarms are simplest to recognize 

and are positively identified in all cases. Multiple scattering reverberation as a tail is 

observed frequently in echograms. Densities within this type of swarm is almost constant 

across the whole volume (Godlewska and Klusek, 1988) and success in trawling is high 

(2-10 tons) if it is hit. Usually regular swarms are observed during the day, whereas in the 

investigated area it was more frequently found in evening and after sunrise. 

The irregular aggregations are more common at night. The shapes of the 

histopuns of densities inside such swarms ;lad de~sity profiles with depth are vexy 

irregular. Hamner (1984) described them as as "feeding schools". In th~s expedition they 

weze obsemed at 12, 16 b s  and during all night (under &ifling vessel). fa case of vexy 

long horizontal dimension of aggregation of the order of few miles are called as "super 

swarms". Examples of echograms of irregular forms are gven in Fig.4. 

Wide stretched thin layers some times acrossed each other posed a difficult task 

for hydroacoustician to recognise their composition. Usually in catches hgh proportion 

of salps are found. Sometimes juvenile and adult knll are mixed. In the case of layer 

swarm it is difficult to distinguish between krill with salps or knll only (Fig.5). 

Small patches with a few meters of horizontal dimension if frequently distributed 

at the similar depths are easy to harvest to have some hundreds kilograms. If only black 

and whte echosounder is used small swarms of knll are hardly recognised among the 

background plankton patches (Fig.6). 



Results and discussion 

The mean density of krill biomass averaged in the 1 nm intervels, calculated for 

the regular hydroacoustic transect along 60°00' S and 61°00'S parallels and along 40°00' 

E meridian was only 0.58t km-2 according to optimistic variant and 0.44t ktf2 in 

"pessimistic" variant (all recognizable aggregations were summed). It reflects the fact 

that the small patches are arbitrary not taken into consideration by most 

hydroacousticians. The value of about0.64 t km-2 is the lowest density observed in 

currently exploited areas (for comparable season in the regon of Elephant Island the 

registered mean density of knll 19 t luf2 in the range fiom 0.46 to 36.5 t . l u ~ ~ - ~ )  . The 

maximum value of the mean density of krill biomass on a distance of 1 nm was equal to 

16.9t.m-'. Average of absolute deviations of knll biomass densities fiom the mean value 

along the above mentioned transects was equal to 0.64 which indicates a high degree of 

patchiness in distribution. The patchmess in distribution of biomass is evident from Fig.7 

for transect along 6 1 " S parallel. 

For comparison the mean densities estimated from FIBEX acoustic survey for the 

west Atlantic sector and for the 1ndm.n Ocean sector after re-calculation using the new 

CCAMLR TS are as follows: 

West Atlantic sector = 42.36 t knf2 and 

Indian Ocean sector below 62"s = 3.74t km-2 . 

Mean biomass densities in Atlantic and Indian Ocean sectors from FIBEX 

acoustic survey combined according to statistical area wise and subareas are given in 

Table 1 for comparison (APPENDIX 1) 

Initial acoustic survey has revealed that the krill was more abundant around the 

area (60°00' S lat. and 32O65'E long. of North West comer and 61' 15' S lat and 34O23'E 

long. of Southeast comer) and more dispersed for catches in the rest of areas under 

investigations. In this particular area the mean density was equal to 0.87t.km-~. Maximum 



of krill biomass was hstributed in the depth layer 35-50m. The estimated total krill 

biomass for this rectangular area with the surface 1 1 .500km2 was 10.050 metric ton. 

The density of knll was very low in subareas northern to 60°S lat. and in east part 

of the area. The biomass densities distribution along 40°E long. is given Fig.8.The major 

proportion of knll biomass was concentrated in the upper depth of 70m. But one swarm 

was detected at night even upto depth of 190m maximum. 

Adult krill obtained from net halls in this area had a quite high mean body length 

(<L>=58mrn) which gave high TS values and relatively high biomass. For all animals, 

including juvenile forms <L>=54mm. For comparison during the BIOMASS III Polish 

expedition mean body length of knll during the Antarctic spring was ib42.7 mm and 

in January=47.0mm. 

All forms of knll aggregations recogmzed in other areas were rigistered 

"superswarm" dense regular swarms, loosely defined layers, very small patches and 

probably mixed with salps thin layers. 

As reported by many authors (Everson I, 1977, Godlewska and Klusek, 1988) 

nomally hill at night hews makes diurnal mipation which is behaviorally influenced 

due to the feeding activity and induced by the light. Swarms are more commoly observed 

nearer surface. Their density is lower and part of them dispersed as compared to the day 

time. But well defined regular swarms were detected also during the night periods. From 

this it was observed that the knll swarms are not following sometimes the dual migration 

in night hours. 

As reported by Everson and Goss (1991) the krill swarms could move at about the 

same speed as the prevailing current in the region, they also could be moved along with 

the existing current. Similar pattern of displacement of knll swarms were observed in 



the survey area. Local areas of abundance were varied on a day to day, if not hour by 

hour. 

The relatively rapid changes of knll density along the 61°00' S lat. parallel 

probably reflects particular hydrographic conditions temporal (gyre) or constant may be 

due to a mountain present to the south above permitted limit. 

Conclusions 

During the season, the survey results indicated that the biomass available in the 

regon is low which is very less in comparing with Atlantic Sector of Antarctic region. 

However, a good number of knll swarms were sighted in upper layers upto 70m between 

latitudes 60°00'S and 61°15'S and longitudes 34O00'E and 360007E which appears to be 

the northern limit of the krill presence in the Indian region of the Southern ocean. The 

average size of the knll caught in this survey area was bigger than that of Atlantic 

region. The positive trend in knll biomass density from the north to the south indicates 

that the krill abundance is expected to be more towards the south. Due to the limitations 

of the sbp, she could not survey beyond the present limit. 
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