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Abstract

Four indices of prey availability are calculated from surveys conducted in the vicinity of
the Seal Island CEMP site during the austral summers of 1990 to 1996. The indices are
measures of average prey density, depth, distance from Seal Island, and persistence over
time. Acoustic data from two AMLR surveys each year were subsampled to include the
foraging range of predators breeding at Seal Island. Indices derived from these data
indicate that although average prey density varied by a factor of almost five between
1990 and 1996, prey were consistently distributed along the edge of the shelf break north
of Elephant Island, and between 25 and 100 m depth. Indices of average prey density
agree with demographic indices of krill abundance derived from net samples. Indices of
persistence over time reflect the relative biomass of juvenile krill near Seal Island during
the first survey of each year as compared to the biomass of post-spawning adults near
Seal Island during the second survey of each year. It is hoped that these indices may be
useful in modelling krill predator breeding success as a function of prey availability.

Résumé

Calcul de quatre indices de disponibilité des proies d’apres les campagnes d’évaluation
menées aux alentours du site CEMP de l'ile Seal pendant les étés austraux de 1990 a
1996. Ces indices sont des mesures moyennes, relatives aux proies, de la densité , de la
profondeur, de la distance de I'ile Seal et de la persistance au fil du temps. Sur les
données acoustiques des deux campagnes d’évaluation AMLR réalisées chaque année,
ne sont utilisées que celles portant sur le secteur d’alimentation des prédateurs se
reproduisant a I'ile Seal. Les indices dérivés de ces données indiquent que bien que la
densité moyenne des proies ait varié d'un facteur de presque cinq de 1990 a 1996, leur
répartition demeure le long de la bordure du plateau au nord de I'ile Eléphant, entre
25 et 100 m de profondeur. Les indices de densité moyenne des proies concordent avec
les indices démographiques d’abondance de krill dérivés des échantillons prélevés des
filets. Les indices de persistance au fil du temps refletent la biomasse relative des
juvéniles de krill pres de I'lle Seal pendant la premiére des campagnes annuelles, mais la
biomasse des adultes apreés la reproduction dans le méme secteur durant la deuxieme de
ces campagnes annuelles. On espére que ces indices faciliteront la modélisation de la
réussite de la reproduction des prédateurs de krill en fonction de la disponibilité des
proies.

Pesrome

BbiIM BbIYHCJIEHbI YEThIpe MHAEKCA HAJIMUUS TIOTPeOJIsieMbiX XHIHHHKAMU BUILOB HO
pesysibTaTaM ChE€MOK, BBIMOJIHEHHBIX B paiioHe yuactka CEMP ‘ocrpos Cuir’ B
TEUEHUE FOXKHBIX JIETHHX CE€30HOB 3a mepuod ¢ 1990 nmo 1996 r. DTu uHOeKChb
OTPa’karT CPEJHIOI0 MJIOTHOCTh MOTPEOISIeMBIX BHAOB, TyOUHY, PACCTOSIHHE OT
octposa CHJ1 # MOCTOAHCTBO BO BPEMEHH. AKYCTHUECKHE [aHHBIE JBYX ChEMOK,
nposefeHHbIX B paMKax IIporpammer AMLR, Ovin noapasgesicssl Tak, uTo0bi
OXBAaTHUTh HAryJIbHBIH apeas pa3sMHOXawWuxcs Ha ocTpoBe CHJI XHIHUKOB.
BoiBegeHHbIE MO 3THM JAHHBIM MHAEKCHI FOBOPSIT, YTO, XOTA CPEAHSs NIOTHOCTD
pacnpenie/ieHHsl MOTpedasgAeMblX BUAOB 3a nepuon ¢ 1990 mo 1996 r. orsmuasack
[IOYUTHU B MATHh pa3, 3TH BUABI NOCTOSHHO HAXOOUJUCH BAOJIb TPAHUNbBI Hiejbda K
ceBepy OT ocTpoBa DuedaHT Ha raybunax 25-100 m. Unpaekchl cpedeil M10THOCTH
noTped/IAeMbIX BUIOB COTJIACYIOTCS ¢ AeMOrpaduuecKuMi HHAEKCAMHU YHC/IEHHOCTH
KPHUJIS, TOJTyYEHHBIMH C TIOMOILBIO CETEBBIX TPO0. MHAeK ChI MOCTOSHCTRBA BO BpEMEHH
OTPaXKaloT OTHOCUTEJILHYIO OHOMACCY MOJIOAN KPHJIF B XOJ€ MEePBOH CheMKH
KaX/0ro rojia o CPaBHCHHIO ¢ GMOMACCOl OTHEPECTHBILMXCS! [I0JI0BO3PEJIBIX PAUKOB
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B paiioHe octpoa Cus B X0[le BTOPOHl CheMKH KaXaoro roga. Hageemcsa, aro atu
HHIEKCBl OKaXYyTCHA MOJIE3HBIMU B MOJICJIHPOBAHNN PEIPOAYKTUBHOIO ycrexa
MUTAIOHMXCS KPHJIEM XHLUHAKOBR KaK (QYHKINS HAJMUHS NMOTPedIIeMbIX BUAOR.

Resumen

En base a prospecciones efectuadas en los alrededores de la localidad CEMP de Isla
Foca durante los veranos australes de 1990 a 1996, se calcularon cuatro indices de la
disponibilidad de presas. Los indices miden el promedio de la densidad de la presa, la
profundidad, la distancia de la Isla Foca y la persistencia a través del tiempo. Se
exirajeron submuestras de datos actisticos provenientes de dos prospecciones anuales
AMLR a fin de incluir el radio de alimentacion de los depredadores que se reproducen
en la Isla Foca. Los indices derivados de estos datos indican que a pesar de que la
densidad promedio de la presa entre 1990 y 1996 varia en un factor de
aproximadamente cinco, ésta se encontraba distribuida uniformemente a lo largo del
borde de la plataforma hacia el norte de la Isla Elefante, y entre 25 a 100 m de
profundidad. Los indices de la densidad promedio de presa concuerdan con los indices
demogréficos de la abundancia de kril deducidos de muestras de la red. Los indices de
persistencia a través del tiempo reflejan la biomasa relativa de kril juvenil cerca de la
Isla Foca durante la primera prospeccién de cada afio, comparada con la biomasa de los
adultos después del desove cerca de la Isla Foca durante la segunda prospeccién de
cada afio. Es de esperar que estos indices sean de utilidad en la elaboracién de modelos
del éxito reproductor de los depredadores de kril en funcién de la disponibilidad de la
presa.

Keywords: prey availability, Seal Island, time series, CCAMLR

INTRODUCTION

One of the long-range goals of the CCAMLR
Ecosystem Monitoring Program (CEMP) is to link
the performance of predators of krill (Euphausia
superba) with the availability of their prey. Indices
of the performance of land-breeding predators
have been adopted (SC-CAMLR, 1992), but
standard indices for prey availability have yet to
be established. At a recent meeting, CCAMLR
scientists identified a number of indices of prey
availability that could be calculated from existing
datasets, and recommended that the feasibility

of calculating such indices be investigated
(SC-CAMLR, 1996).

Indices of availability of prey to land-breeding
predators should include measures of prey
abundance, distance from breeding colonies,
depth distribution, persistence over time,
intensity and scale of spatial dispersion pattern
and energy value.

In this paper, indices are proposed for the first
four of these aspects of prey availability. Acoustic
volume backscattering data, from surveys
conducted by the US Antarctic Marine Living
Resources (AMLR) program during the austral
summers of 1990 to 1996, were used as data
sources.
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MATERIALS AND METHODS

Approximately 50 000 km? of sea surface area
in the northern portion of the South Shetland
archipelago was surveyed every year from 1990 to
1996 (Amos et al., 1990; Holt et al., 1991; Rosenberg
et al.,, 1992, 1993, 1994, in press; Martin et al., in
press). Surveys were designed to describe the
oceanographic conditions, phytoplankton
biomass and productivity, and zooplankton
biomass and species composition at a spatial scale
of tens of kilometres. Survey designs, including
station positions and acoustic transects, varied
between 1990 and 1991 (Figures 1 and 2), but
became standardised from 1992 (Figures 3 and 4).

Two surveys were selected for each year,
details of which are listed in Table 1. For 1990,
surveys 1 and 2 were combined and surveys 3 and 4
were combined. Acoustic data were filtered to
include only those data collected within the boxes
indicated in Figures 1 to 4, at depths shallower
than 100 m. This was assumed to be the foraging
space of krill predators that breed at Seal Island.

Acoustic data collection from 1992 to 1996 was
described by Hewitt and Demer (1992, 1993a,
1993b, 1994a, in press (a,b)). Echoes from a
120-kHz transducer, towed 5 m below the surface
of the water (1992 and 1993) or hull-mounted at
5 m depth (1994 to 1996), were passed to a
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Figure 1: 1990 AMLR survey design. Surveys 1 and 2 were combined and referred to
as 1990A. Surveys 3 and 4 were combined and referred to as 1990D.
Shaded box indicates area subsampled for calculation of indices of prey
availability near to Seal Island.
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Figure2: 1991 AMLR survey design. Shaded box indicates area subsampled for

calculation of indices of prey availability near to Seal Island.
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Figure 3: 1992 AMLR survey design. Shaded box indicates area subsampled for
calculation of indices of prey availability near to Seal Island.
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Figure4: 1993 to 1996 AMLR survey design. Shaded box indicates area subsampled
for calculation of indices of prey availability near to Seal Island.
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Table 1:  Acoustic survezs used for data sources in the calculation of indices of prey availability relative to
krill predators breeding on Seal Island.
Year First Survey Second Survey
Designation Dates Designation Dates
1990 land?2 6 —11Jan, 21 — 26 Jan 3and 4 7 — 13 Feb, 21 — 27 Feb
1991 A 21 - 31 Jan D 26 Feb - 7 Mar
1992 A 19 Jan — 2 Feb D 29 Feb — 11 Mar
1993 A 15 -31 Jan D 22 Feb — 6 Mar
1994 A 17 - 28 Jan D 25 Feb — 9 Mar
1995 A 16 - 29 Jan D 15 - 27 Feb
1996 A 23 Jan — 4 Feb D 24 Feb — 8 Mar

shipboard computer for digitising and processing.
Volume backscattering strength was sampled
vertically every 0.5 m and averaged every 5 m of
depth and 185 m of distance along the trackline.

Acoustic data collection during 1990 and 1991
was described by Amos et al. (1990) and
Macaulay and Mathisen (1991). Echoes from a
200-kHz transducer, towed 6 to 10 m below the
surface of the water, were passed to a shipboard
computer for digitising and processing. Non-krill
targets were removed from the data. Acoustic
biomass per cubic metre, in 1-m depth bins, was
estimated using a target strength of -35.93 dB per
kilogram of krill. These values were vertically
integrated to 250 m depth and averaged over
each 100 m of distance along the trackline. For
the purposes of this paper, mean volume
backscattering strength at each 100 m along
the trackline was estimated by reconverting krill
density estimates back to backscattering
cross-sectional area and dividing by 100 m.
Equivalent backscattering strength at 120 kHz
was estimated by subtracting 2.22 dB from
the backscattering strength at 200 kHz
(10log(120/200)). Vertically structured acoustic
data were not available for 1990 and 1991.

Four indices of prey were derived:

(i)  Overall average volume backscattering

strength,
L],k
E(SV>i,j,k
Ev _ Lk
I*J*K

where (Sv)ijk is the average volume
backscattering strength of the ith depth bin
at the jth location during the kth survey,

and [ is the number of depth bins, | is the
number of locations and K is the number of
surveys for each year.

(ii)  Mean distance of prey from Seal Island,

Edj/k ’ (gv)/ k
E :Lk‘f—"/—
Z(Sv)]’,k

ik

where ( §V)j,k is the volume backscattering
strength averaged over 100 m depth at the
jth location during the kth survey, and d;; is
the distance from the jth location to Seal
Island.
(ili) Mean depth of prey,
ZDIDM * (SV)i,j,k

5_ ij.k

E(Sv)i,j,k

ij.k

where D is the mid-depth of the ith depth
bin.

(iv)

Persistence over time,

ASVI —

where (S,); and ( Sy ), are the overall
average volume backscattering strengths
during the first and second survey of each
year.

Linear measures of volume backscattering

strength were used in all calculations. Results,
however, are expressed in decibels.
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Table 2:  Annual indices of prey availability near the Seal Island
CEMP site. Blank cells indicate that no data are
available.

Year Prey Field
Sy d D ASy
(dB) (k) (m) (dB)
1990 -63.21 22.47 3.13
1991 -65.11 13.73 1.65
1992 -65.92 19.01 52.83 -5.90
1993 -69.84 18.13 50.81 -9.23
1994 -69.50 19.91 58.20 6.30
1995 -69.94 21.13 54.95 2.17
1996 -65.49 24.27 58.56 0.38

RESULTS AND DISCUSSION in 1991. By the second survey, however, few

Values of the four indices are listed in Table 2.
Between the years 1992 and 1996 there appears to
be relatively low variability in the average depth
of the prey field (51 m in 1993 to 59 m in 1996) and
the average distance from Seal Island (18.1 km in
1993 and 24.3 km in 1996). This reflects our
observation that krill are consistently distributed
along the edge of the shelf break north of
Elephant Island, and between 25 and 100 m depth
during the day (Hewitt and Demer, 1992; 1993a;
1993b; 1994a, in press (a,b)).

The relative values of average volume
backscattering agree well with estimates of krill
density over the entire survey area, with the
exception of 1993. Hewitt and Demer (1994b)
reported relatively high values of krill density for
surveys conducted during 1993, but cautioned
that misinterpretation of backscatter from salps
(Salpa thompsoni) may have caused a positive bias.
When the offshore areas, where salps dominated
the plankton catches (Loeb and Siegel, 1994), are
excluded, average volume backscattering is
relatively low for 1993, confirming this suspicion.
The results in Table 2 are consistent with those of
Loeb and Siegel (1994).

Average volume backscattering strength
increased from the first to the second survey in
each year except 1992 and 1993. Krill caught near
Seal Island during the first surveys are usually
dominated by 1-year-old juveniles, whereas krill
caught in this area during the second surveys
tend to be post-spawning adults (Amos et al.,
1990; Loeb, 1991, in press; Loeb and Siegel, 1992,
1993, 1994, in press). High numbers of juvenile
krill were caught during the first survey of 1992,
indicating good recruitment of animals spawned
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post-spawning adults were caught. Poor
spawning in 1992 and poor subsequent
recruitment were evident during the first survey
of 1993. Few post-spawning adults were caught
during the second survey of 1993 and the poor
recruitment from this year was evident during the
first survey of 1994. Although average volume
backscattering increased during the second
survey of 1994, catches did not contain high
numbers of post-spawning adults and recruitment
remained at a low level. It was not until the
second survey of 1995 that high numbers of
post-spawning adults were caught, and the first
survey of 1996 confirmed good recruitment from
1995.

These indices are our first attempt at
quantifying prey availability to land-breeding
predators around Seal Island. Our intention is to
model breeding success of predators of krill as a
function of prey availability and environmental
conditions (e.g. extent of sea-ice). The residuals of
such a model might then provide deeper
understanding of how a krill fishery affects
predator breeding success.

CONCLUSION

Indices of prey availability to krill predators
breeding on Seal Island indicate that although
average prey density varied significantly between
years, prey were consistently distributed along
the edge of the shelf break to the north of the
island. In the South Shetland Islands juvenile krill
appear in the late spring and early summer and
are later displaced by spawning adults. Variation
of prey density between surveys within a year
thus reflects the relative importance of survival



from spawning during the previous year and
reproduction during the current year. Additional
indices should include measures of prey
dispersion patterns and caloric value of
individual prey items. Collectively, these indices
may be useful in understanding how the
reproductive success of land-breeding krill
predators is affected by the availability of their

prey.
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(SC-CAMLR-XV), Annex 4, Appendix H.
CCAMLR, Hobart, Australia: 251-273.

Liste des tableaux

Campagnes d’évaluation acoustiques servant de sources de données dans le calcul des indices de
disponibilité des proies pour les prédateurs de krill se reproduisant a 1'1le Seal.

Indices annuels de disponibilité des proies aux environs du site CEMP de l'ile Seal. Les cases
blanches indiquent qu’aucune donnée n'est disponible.

Liste des figures

Modele de la campagne d’évaluation AMLR de 1990. Les campagnes d’évaluation 1 et 2 sont
combinées sous la référence 1990A. Les campagnes d’évaluation 3 et 4 sont combinées sous la
référence 1990D. La case foncée indique le secteur sous-échantillonné en vue du calcul des indices
de disponibilité des proies a proximité de 1'fle Seal.

Modele de la campagne d’évaluation AMLR de 1991. La case foncée indique le secteur
sous-échantillonné en vue du calcul des indices de disponibilité des proies a proximité de l'ile Seal.

Modele de la campagne d’évaluation AMLR de 1992. La case foncée indique le secteur
sous-échantillonné en vue du calcul des indices de disponibilité des proies a proximité de l'ile Seal.

Modele des campagnes d’évaluation AMLR de 1993 a 1996. La case foncée indique le secteur
sous-échantillonné en vue du calcul des indices de disponibilité des proies a proximité de 1'fle Seal.

Crnvcok Tadsmuy

AKycTHYECKHE CheMKHU, MPEeJOCTABUBIINE [aHHBIE O BBIYHCJIACHUS UHAEKCOB HAJIMYUs
noTpebsIIeMBIX BUAOB O OTHOLICHAIO K MITAOUIHMCsI KPUJIEM XHITHUKAM, Pa3sMHOXKAFOIMCS Ha
octpose Cuit.

Exeromgnble MHACKCH HAJIMUUS MOTPeOISIEMBIX XHIIHUKAMU BHAOB B paifoHe yuactka CEMP
‘octpor Cus1’. TlycThie KJI€TKY 0003HAYAIOT OTCYTCTBUE JaHHBIX.

Crimcok pHCYHKOB

Cxema cbeMku B pamikax Ilporpammel AMLR 1990 r. Ceemxu 1 u 2 Ops1H 00beAUHEHBI H
obos3nauensl 1990A. Cwvemku 2 u 3 Onytn 0o0beuHeHbl # 0003HaueHb 1990D. 3areneHubii
YUACTOK COOTBETCTBYET paiioHy, JaHHBIC MO KOTOPOMY OBLTH TMOOpa3Ae/ieHbl ¢ HeTbI0 pacueTra
HHIEKCOB HAIMUMS OTped/IsIeMbIX BHAOB BOM3H octposa Cull.

Cxema cpemku B pamkax [Iporpammbl AMLR 1991 r. 3aTeHeHHblil yUacTOK COOTBETCTBYET
paliony, JaHHBIE MO KOTOPOMY OBIIHM NOAPA3ACISHB! C USJTBKO PacueTa MHACKCOB HAJIHYMS
noTpedIIsieMBIX BUIOB BO M3 ocTpoBa Cul.

Cxema cpemk# B pamkax Ilporpammer AMLR 1992 r. 3aTeHeHHBIl Y4aCTOK COOTBETCTBYET

pailony, maHHBIe IO KOTOPOMY ObLIH MOAPa3HEICHBl ¢ HEJIbK pacyeTa HHACKCOB HATHUMS
noTpedJisieMBIX BUIOB BOTH3H ocTpoBa CuJl



Pucynok 4:

Tabla 1:

Tabla 2:

Figura 1:

Figura 2:

Figura 3:

Figura 4:
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CxeMma cbeMKu B pamkax [Iporpammsr AMLR 1993-1996 rr. 3areHeHHBIH ydacTOK
COOTBETCTBYET paiioHy, HaHHbIEe IO KOTOPOMY ObLTH NMOApa3AesieHbl C LEJBK pacyeTa UHAEKCOB
HaJTAYust NOTpedIseMblX BUIOB BOIU3H ocTposa Culil.

Lista de las tablas

Prospecciones acusticas utilizadas como fuentes de datos para la estimacién de los indices de
disponibilidad de presa para los depredadores de kril que se reproducen en la Isla Foca.

Indices anuales de disponibilidad de presa cerca de la localidad CEMP en Isla Foca. Los casilleros
vacios indican que no hay datos disponibles.

Lista de las figuras
Disefio de la prospeccion AMLR 1990. Las prospecciones 1 y 2 se combinaron en la denominada
1990A. Las prospecciones 3 y 4 se combinaron en la denominada 1990D. Los casilleros sombreados

indican el drea submuestreada para la estimacién de los indices de disponibilidad de presa cerca de
la Isla Foca.

Disefio de la prospeccion AMLR 1991. Los casilleros sombreados indican el drea submuestreada
para la estimacién de los indices de disponibilidad de presa cerca de la Isla Foca.

Disefio de la prospeccion AMLR 1992. Los casilleros sombreados indican el area submuestreada
para la estimacién de los indices de disponibilidad de presa cerca de la Isla Foca.

Disefio de la prospeccién AMLR de 1993 a 1996. Los casilleros sombreados indican el drea
submuestreada para la estimacion de los indices de disponibilidad de presa cerca de la Isla Foca.
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