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CHARACTERISTICS OF KRILL SWARMS FROM PRYDZ BAY 
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Abstract 

The CCAMLR.AUS dataset available to the Subgroup on Survey Design 
was derived from a survey of Prydz Bay, Antarctica, in December 
1990. Swarm length, depth, thickness, Mean Volume Backscattering 
Strength (MVBS) and inters warm length were calculated for swarms of 
euphausiids encountered along a 78 km transect over the continental 
shelf close to the CEMP study site at Magnetic Island. The euphausiid 
species was probably Euphausia crystallorophias. An increase in 
swarm length was seen with increasing distance from the coast. 

Resume 

Le jeu de donnees CCAMLR.AUS dont disposait le sous-groupe sur la 
conception des campagnes d'evaluation etait derive d'une campagne 
d'evaluation de la baie Prydz, en Antarctique, en decembre 1990. Pour 
les essaims d'euphausiaces rencontres le long d'un transect de 78 km 
sur le plateau continental a proximite du site d'etude du CEMP a l'1le 
Magnetic, on a calcule la longueur, la profondeur, l'epaisseur, 
l'intensite moyenne de retrodiffusion par volume (MVBS), ainsi que la 
distance entre les essaims. Les euphausiaces concernes appartenaient 
vraisemblablement a l'espece Euphausia crystallorophias. Une 
augmentation de la longueur des essaims a ete remarquee a mesure que 
l'on s'eloigne de la cote. 

Pe3IOMe 

Ha60p .llaHHbIX "CCAMLR. AUS", HMeBIIIHHC5I Y IIo.llrpynnbI no 

cxeMe CbeMKH, 6bIJI nOJIY4eH B pe3YJIbTaTe CbeMKH B 3aJIHBe 

llPIO.ll3, AHTapKTHKa, B .lleKa6pe 1990 r. EbIJIH BbI4HCJIeHbI 

.llJIHHa, rJIy6HHa H nJIOTHOCTb CKOnJIeHH5I, Cpe.llH5I5I CHJIa 

o6beMa 06paTHoro aKycTH4ecKoro pacceHBaHH5I (MVBS) H 

paCCT05IHHe Me)l{.llY CKOnJIeHH5IMH 3B<paY3HH.ll, 

o6HapY)l{eHHbIMH B.llOJIb 78-KHJIOMeTpOBoro pa3pe3a Ha.ll 

KOHTHHeHTaJIbHbIM IIIeJIb<poM B6JIH3H Y4acTKa HCCJIe.llOBaHH5I 

no IIporpaMMe CEMP Ha OCTpOBe MarHeTHK. HMeeTC5I 

npe.llnOJIO)l{eHHe, 4TO BCTpe4eHHbIe 3B<paY3HH.llbI OTHOCHJIHCb K 

BH.llY Euphausia crystallorophias. IIo Mepe y,llaJIeHH5I OT 

n06epe)l{b5I Ha6JIIO.llaJIOCb YBeJIH4eHHe ,llJIHHbI CKOnJIeHHH. 
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Resumen 

El fichero CCAMLR.AUS utilizado por el "Subgrupo para el Disefio de 
Prospecciones" contenfa los datos de la prospecci6n realizada en la 
bahfa de Prydz, Antartida, en diciembre de 1990. Se calcularon el 
tamafio, profundidad y espesor de los cardumenes, la reverberaci6n 
media volumetric a (MVBS) y la distancia entre cardumenes, de los 
cardumenes de eufausidos encontrados a 10 largo de un transecto de 78 
km, efectuado en la plataforma continental cercana a la localidad del 
CEMP de la isla Magnetica. La especie de euphausido era posiblemente 
Euhausia crystallorophias. Se constat6 un aumento del tamafio de los 
cardumenes a medida que aumentaba su distancia de la costa. 

1. IN1RODUCTION 

This paper explains the derivation of the CCAMLR.AUS dataset available to the Subgroup 
on Survey Design. The subgroup was set up by the CCAMLR Working Group on Krill 
(WG-Krill) and was directed "to establish: 

(i) a set of initial parameters pertaining to the distribution of krill; 

(ii) a set of options for the design of surveys; and 

(iii) a set of methodologies for the determination of variances and other data required 
from these surveys." 

The CCAMLR.AUS dataset is intended to complement similar data from the South 
African and FRG FIBEX cruises at 200 E and 55°W (Miller and Hampton, 1989a). This paper 
describes the methods used to produce the dataset and presents an initial analysis of the swarm 
characteristics it describes. 

The dataset used in this analysis is relatively short (78 km transect length). However, it 
is believed to be representative of the swarm characteristics seen over the continental shelf in 
Prydz Bay in December 1990. The placement of the transect, close to a designated predator 
parameter monitoring site at Magnetic Island (CCAMLR, 1991), has direct relevance to the area 
that would have to be surveyed during the Ecosystem Monitoring Program, defined as within a 
radius of 100 km of a monitoring site (SC-CAMLR-IX, Annex 6, paragraph 101). 

2. METHODS 

Data were analysed from a single transect undertaken by Australian Antarctic Division 
using the RV Aurora Australis over the continental shelf in Prydz Bay, Antarctica. The transect 
was run due north from Davis Station on 18 December 1990 along 74°30'E longitude 
(Figure 1). Conditions were calm and ice free from 1200 hours until 2300 hours GMT when 
the ship encountered a band of pack-ice just before reaching the edge of the continental shelf. 

Data were collected with a Simrad EK500 echo sounder at a frequency of 120 kHz using a 
hull mounted transducer. The echo sounder was fully calibrated prior to the survey. Data for 
single pings were stored as Mean Volume Backscattering Strength (MVBS) integrated in 25 m 
depth intervals over a 225 m range. The raw data were submitted to CCAMLR for the use of the 
Subgroup on Survey Design. 
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Unfortunately, no ground truthing was performed during this time. It is most likely 
however, that the swarms this far into Prydz Bay were predominantly E. crystallorophias. 
Surveys carried out in February showed that most of the euphausiids over the shelf (south of 
67°S) were E. crystallorophias although there was some E. superba in the samples (S. Nicol 
and G. Hosie, pers. corn.). 

. Analysis was performed at, !he CCAMLR Secretariat using a V AX minicomputer. The 
fIrst depth layer, 0 to 25 m, was slibject to a great deal of noise and was excluded from the 
analysis. Pings were designated as krill bearing if a single depth range had an MVBS value 
exceeding a threshold of -95 dB. Noisy pings were identified by having a krill thickness of 
greater than 125 m, and a characteristic pattern of increasing dB with depth (because of the 
Time Varied Gain correction), and were excluded from the analysis. 

Once pings containing krill had been identified the characteristics of swarms were 
determined. Two key variables used were: 

(i) the Intercepted Swarm Length (ISL), defined as the distance between the first ping 
encountering a swarm and the first ping to lose the swarm; and 

(ii) the Between Swarm Distance (BSD), the distance from the last ping encounter 
with the swarm and the first encounter with the next swarm. 

The latter is particularly important in determining the end or the continuation of a swarm 
if the ping sequence of a swarm has breaks in it where no krill are present, either because of 
breaks in the swarm structure or because of noise. 

In the analysis the minimum BSD was set to 10 m and the minimum ISL to 2 m, to 
ensure that the shortest 'swarms', single ping encounters, were included, although these may 
not be considered true swarms in the classification of Miller and Hampton (1989b). 

The time of each ping was available in the original data file, and distance was calculated 
using mean speeds derived from the ship's positional data. The ping data was analysed in five 
sections, each with slightly different ship speeds. Integrated MVBS* and mean swarm thickness 
were also calculated for each swarm, although swarm thickness calculated from these data will 
lack accuracy due to the EKSOO integration interval of 25 m. 

For the purposes of comparison, a biomass index was calculated using an assumed 
mean E. crystallorophias length of 27.5 mm, weight 200 mg (G. Hosie, pers. comm.), and the 
equations 

TS = -127.45 + 34.85 log 10 (length in mm) 

(TS relationship for E. superba given by SC-CAMLR (1991), at 120kHz, extrapolated for 
E. crystallorophias). 

swarm radius (m) = A (2/n) (Butterworth, 1988) 

mean number density (individuals.m-3) av = lO°.!(vTS) 

n 

Ll0°.!SYi 

* Calculated using MVBSswarm = 10 IOglO ~i=::.!...l __ 
n 

where n = number of ping/depth intervals in the swarm, svi is the MVBS for a single ping depth interval. 
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where A, 

P 
'IS 

swarm biomass index (kg) =p. A,2. (4/1t).w.O'v 
= intercepted swarm length (m) 
= swarm thickness (m) 
= target strength 

s v = observed MVBS 
w = weight (kg) 

3. RESULTS 

The data sequence started at 1558 hours on 18 December and continued until 
2213 hours when the data became very noisy as the ship started encountering ice. The ping 
rate was about one every second until 1808 hours (approximately 30 km from the start) when it 
dropped to one every six seconds. This leads to a somewhat distorted data set, with minimum 
swarm length of about 18 m (1 ping) after 1808 hours compared with about 3.5 m before this 
time. Figures 2a and b show this clearly. The change in ping rate also effects the calculated 
BSD, which has a minimum value corresponding to 2 pings (about 36 m) after 1808 hours. 

Intercepted swarm length, observed between swarm distance, swarm thickness, 
integrated MVBS and swarm biomass index are shown in Figures 3a to 3e. Length, BSD and 
biomass are approximately log normally distributed. The bars marked '*' in Figures 2a and b 
are distortions introduced by the decreased ping rate after 1800 hours discussed above, and the 
true modes lie at 3-3.5 and 4.4-4.6 for In(length) and In(BSD) respectively. Basic statistics for 
these parameters are given in Table 1. The mean swarm length of 24 m and BSD of 83 m 
indicate that the pattern of krill aggregations was one of many small swarms with a few much 
larger ones (more than 50% of total biomass index is contributed by a single large swarm). 

There were no significant correlations between any of the independent swarm 
parameters (length, MVBS, depth, thickness or mean between swarm distance). Plots of swarm 
length and swarm biomass index with distance, however, show that maximum length and 
biomass both increased with distance from the shore; In(swarm length) is positively correlated 
with distance (correlation coefficient = 0.472 n = 477). This effect is influenced by the change 
in ping rate after 30 km, but Figure 4 clearly shows that mean swarm biomass index started 
increasing before the 30 km point. 

4. DISCUSSION 

The analysis was hampered by the change in ping rate after 1808 hours (north of 
67°51 '38"S) and the loss of resolution that this resulted in. Resolution is also lost by the 
pre-integrations into 25 m depth intervals which results in the artificial lower limit of swarm 
thickness. These problems may be overcome in future but the difficulties encountered in 
interpreting these data highlights the importance of recording acoustic data with the highest 
resolution available. The loss of data on krill swarms shallower than 25 m is also a prc'Jem, 
particularly as many of the swarms in this transect were encountered between 25 and 50 m 
depth, as is the uncertainty about species composition and biological characteristics (length and 
weight). 

Even though the distance of this transect is relatively small, there is a significant change 
in swarm length and estimated swarm biomass with distance from the shore, despite the high 
variances associated with the data (Anova result, P < 0.001). These are real changes in the 
quantity of prey available to predators within 100 km radius of a predator monitoring site at 
Magnetic Island, even though they relate to E. crystallorophias rather than E. superba. The fact 
that these characteristics change relatively fast within the ranges identified by CEMP as being 
important for prey surveys around predator monitoring sites has important consequences for 
survey design. 
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Table 1. Krill swarm parameters. Intercepted length, between swarm distance and biomass 
have been log transformed; their corresponding exponential values are given in 
parentheses (n = 475). 

In(Length) In(BSD) MVBS Depth Thickness In(Biomass) 
(m) (m) (dB) (m) (m) (kg) 

Min 1.194 (3.3) 2.754 (15.7) -94.9 25 25 -6.956 (0.001) 

Max 6.465 (642.3) 7.154 (1279.2) -56.3 200 62.5 12.354 

(232 tonnes) 

Mean 3.184 (24.1) 4.417 (82.8) -77.6 (0.171 1) 57.684 28.104 1.263 (3.54) 

St 0.983 0.861 8.723 (0.0341) 38.069 6.909 3.584 

Dev. 

1 Mean and standard deviation of loglo(O.01 Sv) 
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Figure 1: RV Aurora Australis cruise track 18 to 19 December 1990. 
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Figure 3(b): Log transformed between swarm distance. 
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Figure 3(e): Log transfonned swarm biomass index. 
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Figure4(a): Change in swann biomass with distance. 
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distances (± standard errors). 

187 



Tableau 1: 

Figure 1: 

Figure 2: 

Figure 3 a): 

Figure 3 b): 

Figure 3 c): 

Figure 3 d): 

Figure 3 e): 

Figure 4 a): 

Figure 4 b): 

Ta6JIHIJ;a 1: 

PHCYHOK 1: 

PHCYHOK 2: 

Liste des tableaux 

Parametres des essaims de kriH. La longueur interceptee, la distance entre les 
essaims et la biomasse ont subi une transformation logarithmique; leur valeur 
exponentielle correspondante est donnee entre parentheses (n = 475). 

Liste des figures 

Trajet de la campagne du RV Aurora Australis du 18 au 19 decembre 1990. 

Longueur de l'essaim intercepte, apres transformation logarithmique, avant (a) 
et apres (b) le changement de taux de pulsation a 18h08 GMT. 

Longueur de l'essaim apres transformation logarithmique. 

Distance entre les essaims apres transformation logarithmique. 

Epaisseur de l'essaim. 

Intensite moyenne de retrodiffusion par volume de l'essaim. 

Indice de biomasse de l'essaim apres transformation logarithmique. 

Changement de biornasse de l'essaim en fonction de la distance. 

Biomasse moyenne de l'essaim dans la baie Prydz le 18 decembre 1990, sur 
des distances de plus de 10 km (± erreur standard). 

CrmCOK Ta6JIHIJ; 

IIapaMeTpbI CKOnJIeHm':f KPHJI5I. llJIHHa CKOnJIeHH5I B TOllKe 

nepeCelleHH5I, 6HOMacca H paCCT05IHHe Me)l{,[(Y CKOnJIeHH5IMH 6bIJIH 

log TpaHccpopMHpoBaHHbI; COOTBeTCTBYIOIIlHe HM 3KcnOHeHIJ;HaJIbHbIe 

3HalleHH5I ,[(aHbI B cK06Kax (n = 475). 

CnHCOK PHCYHKOB 

MapwpYT nJIaBaHH5I IlliC Aurora Australis 18 H 19 ,[(eKa6p5I 1990 r. 

Log TpaHccpopMHpOBaHHa5I ,[(JIHHa CKOnJIeHH5I B TOllKe nepeCelleHH5I 

,[(0 (a) H nOCJIe (b) H3MeHeHH5I llaCTOTbI 3BYKOBoro CHrHaJIa B 18 08 no 

rpHHBHllY· 

PHCYHOK 3(a): Log TpaHccpopMHpOBaHHa5I ,[(JIHHa CKOnJIeHH5I. 

PHCYHOK 3(b): Log TpaHccpopMHpoBaHHoe paCCT05IHHe Me)l{,[(Y CKOnJIeHH5IMR 

PHCYHOK 3(c): BepTHKaJIbHOe pa3BHTHe CKOnJIeHH5I. 

PHCYHOK 3(d): Cpe,[(H5I5I CHJIa 06beMa 06paTHoro aKycTHllecKoro pacceHBaHH5I 

(MVBS) CKOnJIeHH5I. 

PHCYHOK 3(e): Log TpaHccpopMHpoBaHHbIH nOKa3aTeJIb 6HOMaCCbI CKOnJIeHH5I. 

188 



PHCYHOK 4(a): II3MeHeHHe 6HOMaCCbI CKOnJIeHH5I C paCCT05IHHeM. 

PHCYHOK 4(b): Cpe.llH5I5I BeJIW-IHHa 6HOMaCCbI CKOnJIeHH5I B 3aJIHBe IIpIO.ll3 Ha 18 
.lleKa6p5I 1990 r., H3MepeHHa5I Ha yqaCTKaX npOT5I)KeHHOCTbIO 10 KM. (l 
- CTaH.llapTHbIe OTKJIOHeHH5I). 

Tabla 1: 

Figura 1: 

Figura2: 

Figura 3(a): 

Figura 3(b): 

Figura 3(c): 

Figura 3(d): 

Figura 3(e): 

Figura 4(a): 

Figura 4(b): 

Lista de las tablas 

Panimetros de los cardumenes de krill. Tranformacion logaritmica de la 
longitud interceptada, entre la distancia de los cardumenes y su biomasa; los 
valores exponenciales correspondientes figuran entre parentesis (n = 475). 

Lista de las figuras 

Derrota del crucero del BI Aurora Australis, del 18 y 19 de diciembre de 1990. 

Transformacion logaritmica de la longitud interceptada del cardumen antes de 
(a) y despues de (b), variacion del indice de ping a 1808 horas GTM. 

Transformacion logaritmica de la longitud del cardumen. 

Transformacion logaritmica de la distancia entre cardumenes. 

Espesor del cardumen. 

MVBS del cardumen. 

Transformacion logarftmica del indice de la biomasa del cardumen. 

Variacion de la biomasa del cardumen se gun la distancia. 

Biomasa media del cardumen en la bahia de Prydz, registro realizado el18 de 
diciembre 1990, a distancias superiores a los 10km. (+-error tfpico). 

189 


