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EUPHAUSIID DISTRIBUTIONS
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Abstract

An observed distribution of aggregations of the euphausiid,
Meganyctiphanes norvegica is used to model the effects of krill swarm
orientation and shape on the success of two proposed survey designs.
The simulation involves a number of random paths of parallel or
radially arranged transects passing through three distributions each of
which is given four rotations. The results indicate that the coefficient of
variation (CV) of mean krill density varies inversely with mean density,
and is lowest for the survey design utilising parallel transects set at right
angles to the long axis of the aggregations. Calculations based on the
power of surveys to reliably detect changes in mean density indicate
that with probability of Type I and Type II errors 0.1 and 0.2
respectively, about 100 transects would be required to detect changes of
40% in the mean if CVs are as high as those obtained in the simulations.

Résumé

L'observation d'une répartition de concentrations de l'euphausiacé
Meganyctiphanes norvegica est utilisée pour la modélisation des effets
de l'orientation et de la forme des essaims de krill sur le succes de deux
propositions de modeles de campagnes d'évaluation. La simulation
met en jeu un certain nombre de voies aléatoires de transects parall¢les
ou radiaux traversant trois concentrations, chacune d'elle subissant
quatre rotations. Les résultats indiquent que le coefficient de variation
(CV) de la densité moyenne du krill varie inversement a la densité
moyenne et qu'il atteint le taux le plus faible lorsque le modele
d'évaluation utilise les transects paralléles perpendiculaires a la
longueur des concentrations. Les calculs, fondés sur la capacité qu'ont
les évaluations de déceler les changements de densité moyenne d'une
maniére fiable, révélent qu'avec une probabilité d'erreurs de Type I et
I de 0,1 et 0,2 respectivement, et pour des CV aussi élevés que ceux
obtenus lors des simulations, une centaine de transects seraient
nécessaires pour déceler des changements de 40%.

Pes3woMe

Ha6usrozieHHOe  pacnpejeJsieHUue — arperayuil  spdaysuuj,
Meganyctiphanes norvegica WCIOJb30BAaHO B  LeJsIX
MOJZIEJIMPORAHUS BJIUSIHUS OpUEHTaUUuUu U GOpPMbl CKOIMJIEHHUHN
KpUWJsi Ha Yycnex JByX TpPeAJIOXKEHHBIX CXEM CbeMOK,
MoaeauporaHue npeAnoJaraetT HECKOJIbKO [POU3BOJbHBIX
KYpPCOB MnapaJileJibHO UJAU paJUuajbHO OpPraHU30BaHHBIX
pa3pe30B, NPpOXOoAsMUX Uepe3 TPH pacnpelAeseHus], KaxJoe U3
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KOTOPbBIX BpallalwT UeTbIpe pa3a. Pe3y/ibTaThl MOKA3bIBAKT, UTO
Ko3(pPULHEHT HU3MeHUHBoCcTU (CV) cpeAHel NMJAOTHOCTH KpUJIsi
U3MeEHsIeTCs obpaTHO NpONOPLUOHAJNbHO cpeaHen
MJOTHOGTH, U SIBJASIETCSI HAUMEHbUIUM, KOTZa CXeMa CbeMKM
HCNOJIb3YEeT MNapaJijesibHble pa3pesbl, YCTaHOBJIEHHbIE Ha
NpsIMBIX IO OTHOWEHHK K AJUHHOHI OCU arperanum yrJax.
BbiunciieHUsl, OCHOBaHHbIE Ha CIIOCOBGHOCTH CbEeMOK HaZEXHO
BbISABJISITH U3MEHEHUS B cpeJHEN NIJIOTHOCTH, MOKA3bIBAT, UTO
npHu BepositHocTu omubok Tuna 1(0,1) u Tuna II (0,2}, Aas
BbISIBJIEHWMS] U3MeHeHUH B cpeaHeM Ha 40%, notpebyercs
oKovio 100 paspe3oB, eciHd 3HaueHHs1 CV OKaXyTCsl TAKUMU Xe,
UTO W MpU MO AEJUPOBAHUH,

Resumen

A partir de una concentracién de distribucién conocida del eufausido
Meganyctiphanes norvegica, se modelan los efectos de la orientacion y
de la forma de los cardimenes en el logro de dos disefios de
prospeccién propuestos. La simulacién comprende varias rutas
aleatorias, en transectos paralelos o radiales, que atraviesan las tres
distribuciones y en las que se hacen cuatro giros en cada una. Los
resultados indican que el coeficiente de variacién (CV) de la densidad
media del krill varfa inversamente a la densidad media, y que es menor
en el disefio de prospeccién basado en transectos paralelos dispuestos
en dngulos rectos al eje longitudinal de la concentracion. Los célculos
basados en la potencia de prospeccién para conocer las variaciones en la
densidad media indican que, con la probabilidad de errores de tipo 1y
tipo II de 0.1 y 0.2 respectivamente, harfa falta realizar unos 100
transectos para poder detectar cambios del 40%, siempre que los CV
fueran tan altos como los que se obtuvieron en las simulaciones.

1. INTRODUCTION

During the FIBEX and SIBEX krill biomass surveys various systems of survey design
and analysis were considered in order to produce reliable estimates of krill biomass and
variance within particular regions around the Antarctic continent. BIOMASS (1980 and 1981)
generally recommended that randomly placed transects should run across contour lines in krill
abundance, and this meant across the mean direction of ocean currents. Some of the earlier
surveys, however, were run with the main transects running east-west. This survey design
was used with some success during the BIOMASS experiments (Miller and Hampton, 1989) on
areas with diameters up to 500 n miles.

The requirements of prey monitoring for CEMP are, for more localised surveys, directed
at regions around CEMP sites for the duration of CEMP predator parameter monitoring; these
may be described as having a radius of 50 to 100 km (27 to 50 n miles) (SC-CAMLR-IX,
Annex 4, Table 3) and the same criteria as for the BIOMASS surveys (contours of krill
abundance) are unlikely to apply. Everson (1987) has considered the requirements of these
types of surveys and concluded that a radial transect design may be more suitable and easier to
perform than parallel transects.

The analysis suggested for both these designs is that recommended by BIOMASS (1986)
and consists of obtaining mean density estimates for krill for a number of transects and
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combining these using ratio estimator techniques within strata. This assumes that transects are
independent (co-variance is not included) and that variance increases with transect length.

The areal shape of euphausiid aggregations has been reviewed by Miller and Hampton
(1989) but information on the spatial relationships of aggregations within known distributions
is rare. To our knowledge the only studies of this type are those of Hampton (1985), using
side-scan sonar on Euphausia superba swarms, and aerial photographs of surface swarms of
another euphausiid, Meganyctiphanes norvegica (Nicol, 1986). These data show that swarms
are predominantly elongated along one axis, and do not generally have shapes that can be
approximated by circles, the case that is usually assumed for simulation studies (Butterworth,
1988 has considered some of the consequences of elongated swarms). Furthermore, Nicol
(1986) shows that aggregations within an area may be elongated in one direction, presumably
in response to current structures in the area.

This paper considers the effect of krill swarm orientation on survey design using real
data on the distribution of euphausiid swarms collected by Nicol (1986). We examine the
behaviour of random parallel transect and radial transect designs under a number of scenarios,
and discuss the implications for the extent and frequency of transects required for the purposes
of the CEMP program.

2. METHODS

Two maps of euphausiid distributions are shown in Figures 1(a) and 1(b). Although
these are not E. superba (being Meganyctiphanes) and are on a very small scale (60 m diameter)
they are used here to model the types of distributions shown by krill on larger scales. The most
important feature of these distributions is that the swarms were observed to be moving and are
orientated in a particular direction.

These krill distributions were coded into two areas, divided by 100 x 100 grids
(distributions A and B, Figure 1a,). An additional distribution (C) was constructed from
distribution A with the addition of two swarms duplicated within distribution A (Figure 1(c)).
Each occurrence of krill in a grid square was taken to represent a unit krill density. Random
transects were taken over the area and the proportion of krill encountered was expressed as a
percentage and taken to represent mean krill density for the transect. This is an equivalent
process to that used to calculate mean krill density in g-m-2 over a single transect in previous
studies (BIOMASS, 1986).

Figures 2(a) and (b) give examples of random transects overlying krill distributions.
The parallel transects were overlaid vertically on the grid, and calculation of percentage cover
involved searching each pass for krill occurrence. Radial transects were designed on a 90° arc
from the origin at the bottom left hand corner with a constant radius of 100 units, but they had a
gap close to the origin to simulate the sort of pattern suggested by Everson (1987). Because
transects estimate krill density over a larger arc the further they are from the origin, estimates of
percentage cover were weighted by the distance from the origin.

Mean density and variance for the whole area was calculated from a number of transects
(equation 4 of BIOMASS (1986) simplifies to a standard calculation of variance when transects
are all the same length). For comparison, the actual mean density of krill in the area was
calculated by taking the total possible area that the transects covered (the total survey area) and
calculating the known percentage cover of krill in this area. :

For each survey pattern, a number of rotations of the distributions were used to
investigate the effects of starting surveys at different positions with regard to the swarms.
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3. RESULTS

The results of 10 000 transects on each of the distributions rotated sequentially through
90° intervals is shown in Table 1. Itis apparent that the coefficient of variation is usually very
high (between 100% and 160%), a result of the high number of passes encountering no krill.
Larger surveys are unlikely to have so severe a problem of zero encounters. Krill densities
were log normally distributed apart from the zero values. Despite this, the calculated mean
density, taken as the mean of all untransformed transect densities, converged on the known
mean (Table 1). Figure 3 shows that there was a relationship between the means and the
standard deviations. There was a great deal of variation in coefficient of variation (CV)
(calculated as standard deviation divided by the mean) using the radial design, in general more
so than using the parallel design. The lowest CVs were obtained using the parallel designs with
the transects going across the axis of movement of the swarms.

4. DISCUSSION

The coefficients of variation seen in Figure 3(b) are very high, but are similar to those
obtained by Higginbottom et al. (1988) from 1 n mile integration intervals along transects taken
for FIBEX, ADBEX-II and SIBEX-II (mean CV = 1.6). Most reported density and biomass
estimates and variances are not directly comparable to those calculated here because following
the procedures suggested in BIOMASS (1986) they are variances of the mean densities within a

transect Pk, where that transect is typically several hundreds of nautical miles long. Because of
the scale used in this study the more appropriate estimates of variance are those of the variance
of integration intervals within a transect.

It is not appropriate here to comment on the magnitude of variances that are likely to be
obtained in whole surveys of this nature, because of the very small scale of our distributions.
However, it is apparent that:

(i) parallel survey designs that travel at right angles to the orientation of krill swarms
have lower variances than either parallel designs parallel to their orientation or
radial designs. The former is predictable but the latter somewhat surprising - radial
designs appear to exacerbate the effect of swarm orientation; and

@ii) with greater mean density of krill the CV obtained by either survey declines.

For the purposes of monitoring krill biomass for CEMP the magnitude of the CV is
extremely important. The effect of CV on the power of a survey to detect changes in mean
biomass is dependent on the number of transects used. Figure 4 shows the relationship
between CV and number of transects required to confidently detect changes in mean densities of
20 to 50% (probability of Type I error = 0.1, probability of Type II error = 0.2) (Sokal and
Rohlf, 1981). The number of transects required to reliably detect changes of 20%, for
instance, is 28 when the CV is 0.3 and 310 when it is 1.0. Everson (1987) estimates that 10
transects in a CEMP survey could be completed in 10 days. Thus even under favourable
conditions, when the CV is close to 0.3, prey surveys may take 30 or more days to complete if
sufficient power for inter-annual comparisons is required by the CEMP program.
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Table 1:  Mean and standard deviation of krill density calculated from 10 000 random
transects on four separate orientations of three krill distributions shown in Figure 1.
Direction of rotation is anticlockwise. With this number of transects the standard
deviation is taken to approximate .

Dataset and Real density of Krill ~ Calculated Mean Standard Deviation
Method Used in Surveyed Area  Kirill Density After of Density
10 000 Transects (0)
Parallel Survey:
Area A 4.6 4.59 5.18
Area A rotated 90° 4.6 4.46 6.17
Area B 2.24 2.21 2.87
Area B rotated 90° 2.24 2.19 3.18
Area C 7.85 7.78 6.86
Area C rotated 90° 7.85 7.88 7.04
Radial Survey:

Area A 5.92 5.89 7.74

Area A rotated 90° 2.28 2.41 3.9
Area A rotated 180° 5.71 5.6 7.49
Area A rotated 270° 5.09 5.04 6.16
Area B 2.56 2.51 3.81
Area B rotated 90° 2.08 2.01 3.17
Area B rotated 180° 2.68 2.59 3.21
Area B rotated 270° 2.86 2.81 3.21
Area C 9.85 9.67 8.18
Area C rotated 90° 6.5 6.64 8.25
Area C rotated 180° 9.94 9.9 8.27
Area C rotated 270° 8.48 8.54 10.58
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Figure 1:
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Distribution C

Krill distribution patterns used in the study. Direction of movement of individual
swarms is shown by arrows and in general is east-west. The distributions are
shown in their unrotated states, and rotation proceeded anticlockwise.
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Figure 2: Random parallel (a) and radial (b) transects overlaid on distribution A (90° rotation) and B (270° rotation) respectively.
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Figure 3(a): Expected mean density versus standard deviation of 10 000 random transects for
all three areas in four rotated states. For more explanation of the rotations applied

see Table 1.
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Figure 3(b): Expected mean density versus coefficient of variation of 10 000 random straight
and radial transects of four rotations of three krill distributions.
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Figure 4: Sample size required to detect a change in mean krill density with alpha = 0.1 and
power = (.8.
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Tableau 1:

Figure 1:

Figure 2:

Figure 3a):
Figure 3b):

Figure 4:

Ta6auua 1;

PucyHok 1:

PucyHok 2:

Liste des tableaux

Ecart moyen et écart-type de densité du krill calculés a partir de 10 000
transects choisis au hasard sur quatre orientations distinctes de trois
concentrations de krill illustrées sur la figure 1. La rotation est effectuée dans
le sens inverse des aiguilles d'une montre. Pour ce nombre de transects,
I'écart-type présumé est proche de ©.

Liste des figures

Schémas de répartition du krill utilisés dans 1'étude. La direction du
mouvement des essaims individuels, en général d'est en ouest, est représentée
par des fléches. La répartition est illustrée avant toute rotation, cette derni¢re
étant effectuée dans le sens inverse des aiguilles d'une montre.

Transects droits (a) et radiaux (b) placés au hasard des répartitions A (rotation
de 90°) et B (rotation de 270°) respectivement.

Densité moyenne escomptée par opposition a l'écart type de 10 000 transects
disposés au hasard dans les trois zones et pour quatre rotations. Pour le détail
des rotations appliquées, voir le tableau 1.

Densité moyenne escomptée par opposition au coefficient de variation de
10 000 transects droits et radiaux disposés au hasard, de quatre rotations de
trois répartitions de krill.

Taille de 1'échantillon requis pour déceler un changement de densité moyenne
de krill pour alpha = 0,1 et capacité = 0,8.

Criucox TabJunn

CpeaHee W cTaHAapTHOE  OTKJOHEHUs]  MJOTHOCTH  KpUJs,
BblUMCJIEHHble U3 10 000 npoOU3BOJIbHBIX pa3pe3oB Ha UEThIpex
OTAEJIbHBIX OpPHUEHTALUAX Tpex pacnpeeseHuH KpHJIs,
n3obpaxeHHbIXx Ha PucyHke 1. HanpaBiaeHue BpameHUs - NPOTHB
yacoBoil cTpeJiki. IIpM 3TOM KoOJIMUECTBE pa3spe3soB CTaHAapTHoOe
OTKJIOHEHHE CUHUTAETCSI NPUBJIN3UTENBHBIM K O.

CNUCOK PUCYHKOB

Moaenn pacnpejesieHdsl KpWJis, HCNOJIb3OBaHHbE B JaHHOM
yuccjeaoBaHuM., HanpaBJjieHHe JBUXEHUSI OTZAEJbHbIX CKONJIEHWI
MOKa3aHO CTpeJIKAMU U, B OCHOBHOM, YKa3biBaeT Ha JABHXEHUE C
BOCTOKa Ha 3anaJl. PacnpezeseHusi NoKa3aHbl B COCTOSIHMH MOKOS.
BpameHue - NPOTUR UACOBOM CTPEJIKU,

IIpousBoJibHBlEe MNapaJiesbHble (a) U paauasnbHble (b) paspessl,

nepekpbiBapil e pacnpeaesaeHue A (BpameHue 90°) u B (BpameHue 270°)
COOTBETCTBEHHO.
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PucyHok 3(a):

PucyHok 3(b):

PucyHOK 4:

Tabla 1:

Figura 1:

Figura 2:

Figura 3(a):

Figura 3(b):

Figura 4:
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OxuaaeMasi CpeAHsisi MJOTHOCTb B CpPaBHEHUU CO CTaHAAPTHBLIM
oTkJoHeHUeM 10 000 npou3BOJILHBIX pa3pe30OB Ha BCEX TPEX yUaCTKaX
B UeTbipeX COCTOSIHUsIX BpameHusi, B Tabaune 1 gaetrcss 6oJblie
nHpopMaLtUU O TpUMEHSAEMbIX Bpall€HUSIX.

OxujaeMasi cpeAHsiss MJIOTHOCTb B CpaBHEHHH C KO3pPUIHEHTOM
n3MeHuuBocT 10 000 npou3BOJIbHBIX MapaJllebHbIX U paAnaJibHbIX
pa3pe30B B UEThIpEX BpallleHHUsIX TPEeX paclipeAeJeHH KpUJIsl.

KosunuecTBo npo6, Heob6xXoAWMOoe AJisi BBbISIBJIEHHWs] H3MEHEHUsI B
cpeAHel NJIOTHOCTH Kpuas, rae aabpa = 0.1 u momHocTs = 0.8.

Lista de las tablas

Desviacién cuadrética y media de la densidad del krill, calculada a partir de
10 000 transectos aleatorios aplicando cuatro giros diferentes a las tres
distribuciones de krill de la Figura 1. La direccién de la rotacién es sinistrorsa.
La desviacién cuadrdtica para este niimero de transectos es aproximadamente
c.

Lista de las figuras

Modelos de distribucién empleados en este estudio. Las flechas indican la
direccién del giro para cada cardimen que, por lo general, es este-oeste. Las
distribuciones se muestran antes de hacer la rotacion, siendo ésta contraria a la
de las agujas del reloj.

Transectos aleatorios en linea paralela (a) y radial (b) superpuestas en la
distribucién A (rotacién de 90°) y B (rotacién 270°) respectivamente.

Densidad media prevista comparado con la desviacién cuadrética de 10 000
transectos aleatorios efectuados en las tres dreas con cuatro rotaciones
distintas. Véase tabla 1 para més detalles de las rotaciones aplicadas.

Densidad media supuesta comparada con el coeficiente de variacién de 10 000
transectos en linea recta y radiales de cuatro rotaciones de las tres
distribuciones.

Tamafio de muestra necesario para detectar un cambio en la densidad media del
krill con alpha = 0.1 y potencia = 0.8.




