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AND SEABIRD INFORMATION
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Antarctic krill, Euphausia superba, is the dominant
herbivore in the Antarctic marine food web and a
principal component in the diets of: fin, blue, hump-
back and minke whales; crabeater seals and Antarctic
fur seals; Adelie, chinstrap, macaroni and rock-hopper
penguins; several other species of seabirds; and -
several species of fishes and squid. Some of these
species are eaten in turn by sperm whales, killer
whales, leopard seals, and other higher order pre-
dators. Thus, if it is not developed and managed
properly, the fishery for E. superba could affect
many dependent species and the basic structure and
dynamics of the Antarctic marine food web, as well

as the distribution, abundance or productivity of
krill itself.

The Convention on the Conservation of Antarctic Marine
Living Resources (CCAMLR) requires that harvesting of
marine living resources in the Southern Ocean be
conducted so as to maintain the ecological relation-
ships between harvested, dependent and related
populations of marine living resources, as well as to
prevent the depletion of harvested species. It would
be prohibitively costly, if not impossible, however,
to assess and monitor each species and population
that might be indirectly affected by krill harvesting.
It follows, therefore, that one of the tasks of the
Scientific Committee, established by the CCAMLR, will
be to determine and design programs for monitoring
those species, populations, or population character-
istics that most likely will be affected, in
detectable ways, by exploitation of E. superba.

The objectives of this project were to: (a) develop
criteria for selecting species, populations, and
population characteristics that likely would provide
useful indicators of harvest-related changes in the
availability of Antarctic krill; (b) to assemble and
evaluate readily available information on the ecology,
demography, and dynamics of Antarctic pinnipeds and
seabirds to determine whether and what species and
population variables might serve as useful indicators
of harvest-related changes in krill availability;

and (c) as possible, suggest aspects of programs

that could or should be initiated to select and
monitor potential indirect indicators of harvest-
related changes in the availability of Antarctic
krill,
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Limitations

There are a number of species groups in addition to
seabirds and pinnipeds that should be considered as
possible indicators of harvest-caused changes in the
distribution, density, or behaviour of krill. Several
species of cetaceans, for example, eat Antarctic krill
and possibly could be useful indicators. Similarly,
one or more herbivore species may be krill competitors
which might respond to and serve as sensitive indicators
of changes in krill abundance. This paper considers
only seabirds and pinnipeds since these are the species
groups most familiar to the authors.

Criteria for Evaluating Potential Indicators

To function as an effective indicator of harvest-
caused changes in krill availability, the indicator
species or population must be a predator, prey or
competitor of Antarctic krill, occur in or near areas
where krill is being harvested, and be sensitive to
changes in krill availability but relatively unres-
ponsive, or predictably responsive, to natural
environmental fluctuations. In addition, the responses
should be relatively rapid (i.e., not subject to time
lags of several years), detection of responses should
be simple, inexpensive and allow large sample sizes,
and adequate baseline information should already

exist or should be relatively simple to collect. Data
collection ideally could be accomplished during or in
conjunction with fishing operations and/or from shore
stations or vessels engaged in other activities - i.e.,
there ideally would be little or no need for dedicated
vessels to carry out assessment and monitoring of
selected indicators.

Sample Sizes

The ability to detect possible responses to harvest-
caused changes in krill availability will depend
upon the nature and magnitude of the response,

the reliability of baseline information, the
variability of the characteristic (parameter) being
monitored, and the precision with which the variable
can be measured. Much larger sample sizes than have
been customary in pinniped and seabird research, as
well as repeated sampling, may well be required to
detect changes with adequate sensitivity.

Potential Seabird Indicators

Because of their large numbers, wide distribution,
dependence upon krill, and accessibility during the
breeding seascn, Adelie and chinstrap penguins may
be potentially good indicators of localized or
regional changes in krill availability. Parameters
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that presumably could or wcould change in response

to krill availability include colony size, clutch
size, time that parents spend away from the chicks
searching for food, relative quantity of krill and
other species in the diet, fledgling success, weight
of chicks at fledgling, and survival to breeding
age. Changes in survival at age at first reproduction
and colony size would take a number of years to be
manifested and would be difficult to detect unless
the changes and/or sample sizes were very large.
Changes in time spent feeding, fledgling weight,

and other similar variables would be less subject

to time lags and easier to measure, making them
better choices of potential indicators.

No matter what variables are selected for monitoring,
the studies likely will be labor intensive and limited
in scope unless some system of more or less automatic
data collection can be established. A team of two to
four investigators would be required, for example,

at each selected indicator colony if traditional

study techniques were used. Therefore, at an early
stage, it will be necessary to investigate and, as
possible, adapt and use remote sensing and automatic
data recorders to collect data.

Potential Pinniped Indicators

Of the six pinniped species that occur in the Convention
area, three depend upon Antarctic krill to some extent.
The crabeater seal feeds more or less exclusively on
krill. The leopard seal eats krill, at least in some
areas, and preys on crabeater seals and Adelie penguins,
both of which are dependent primarily upon Antarctic
krill. Fur seals on South Georgia and elsewhere in

the vicinity of the Antarctic peninsula also eat krill.

Parameters that could change in response to changes
in krill availability include: population size; pup,
juvenile and/or adult survival; age at first repro-
duction; size at birth and growth rate;. pupping
interval and/or age-specific reproductive rates;
blubber thickness; time spent feeding; and propor-
tion of species other than krill that are eaten.

Most of the potential indicator variables, other than
population size, could be assessed and monitored by
periodically collecting representative samples of
animals from selected areas. Sample sizes necessarily
would be large (30 to 50 individuals per age class)
and sample intervals would have to be selected so

as to assure that any observed changes in the

selected indicator variables were not caused by the
sampling. E

Conclusions
Several species and population characteristics of

penguins and pinnipeds appear to meet the described
criteria and possibly could function as useful
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indicators of the indirect effects of krill harvesting
on krill-dependent species. As a general rule, it
seems that population characteristics, reproductive
variables, and/or vital rates will be better indicators
than population counts. It also seems, as a general
rule, that large sample sizes will be required and
that, to the extent possible, automatic data recording
systems should be developed and used to collect data.
Finally, presently available information generally is
inadequate to provide a basis for detecting harvest-
related changes in selected indicators and development
of baselines should be undertaken as a matter of
priority. To provide a basis for assessing possible
cause-effect relationships, collection of reliable
information on the nature, location, and extent of
krill harvesting also must be undertaken as a matter
of priority.

CRITERES DE SELECTION ET CONDITIONS DE CONTROLE POUR LES INDICES INDIRECTS
DE CHANGEMENTS DANS LA PRESENCE DE KRILL ANTARCTIQUE APPLIQUES A CERTAINES
INFORMATIONS SUR LES PINNIPEDES ET OISEAUX DE MER.

Résumé

Le krill antarctique, Euphausia superba, est l'herbivore
dominant de la chalne trophique marine et un composant
principal des régimes alimentaires des rorquals communs,
des baleines bleues, des baleines a bosse (megaptera),
des petits rorquals; des phoques crabiers et des phogues
& fourrure antarctiques; des manchots Adélie et des espéces
Pygoscelis antarctica, Gorfou Macaroni et Gorfou
Sauteur; plusieurs autres espéces d'oiseaux de mer; et
plusieurs espéces de poissons et de calmars. Certaines
de ces espéces sont, a leur tour, dévorées par les
cachalots, orgues, léopards de mer et autres grands
prédateurs. Ainsi, si la péche d'E. superba n'est ni
développée ni réglementée de maniére adéquate, elle
pourrait étre détrimentale & de nombreuses espgces
dépendantes ainsi qu'a la structure fondamentale et

& la dynamique de la chaine trophique marine de
1l'Antarctique et également a la répartition, 1l'abondance
ou la productivité du krill lui-méme,

La Convention pour la Conservation de la Faune et la
Flore Marines de l'Antarctique (CCAMLR) exige que la
capture des ressources marines vivantes de 1'Océan
Austral soit effectuée de maniére a maintenir les liens
écologiques entre les populations capturées, dépendantes
et voisines, et a empécher la décimation des espéces
exploitées. Toutefois, il serait beaucoup trop cofiteux,
voire impossible, d'évaluer et de contrdler chaque
espéce et population susceptible d'&tre indirectement
touchée par la capture de krill. Par conséquent,

l'une des téches du Comité Scientifique établi par

la CCAMLR consistera a déterminer et a mettre au point des
programmes de contr8le des esp&ces, populations ou
caractéristiques des populations les plus susceptibles
d'étre touchées, d'une maniére discernable, par
l'exploitation d'E. superba.

——
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Ce projet avait pour but: (a) développer des
critéres de sélection de espéces, de populations

et de caractéristiques de populations susceptibles
de fournir des indices utiles des changements liés
a la capture dans la présence de krill antarctique;
(b) rassembler et évaluer les données disponibles
sur l'écologie, la démographie et la dynamique

des pinnipédes et oiseaux de mer antarctiques

en vue de déterminer les variables de population

et d'espéces et si ces variables pourraient servir
d'indices utiles des changements liés a la capture
dans la présence de krill; et (c) dans la mesure
du possible, signaler les points importants de ces
programmes gui pourraient ou devraient &tre mis en
application pour sélectionner et contrdler les
indices indirects potentiels des changements liés

& la capture dans la présence de krill antarctique.

Limitations

En plus des oiseaux marins et des pinnipédes, un
nombre de groupes d'espéces devrait étre considérés
comme pouvant servir d'indices possibles des
changements causés par la capture dans la réparti-
tion, la densité ou le comportement du krill.
Plusieurs espéces de cétacés, par exemple, se
nourrissent de krill antarctique et pourraient
éventuellement servir d'espéces indicatrices. De
méme, une ou plusieurs espé&ces d'herbivores
pourraient entrer en compétition avec le krill,
autre facteur pouvant servir d'indice sensible

des changements se produisant dans 1'abondance

de krill. Seuls les oiseaux de mer et les pinni-
peédes sont examinés ici, ces groupes d'espéces
étant les mieux connus des auteurs.

Critéres d'évaluation d'espéces indicatrices

potientielles.

Pour fonctionner en tant qu'indice efficace des
changements causés par la capture dans-la présence
de krill, il est important que l'espéce ou la popu-
lation sélectionnée soit prédatrice, proie ou
concurrente du krill antarctique, qu'elle se déplace
sur les lieux d'exploitation du krill ou & proximité
et soit sensible aux changements survenant dans la
présence de krill mais gqu'elle soit relativement
insensible ou qu'elle réagisse d'une maniére pré-
visible aux fluctuations naturelles du milieu. De
plus, les réactions devraient étre relativement
rapides (c'est-a-dire ‘non soumises a des périodes
de plusieurs années), la détection des réactions
devrait étre simple, peu coliteuse et permettre
d'obtenir de grandes tailles d'échantillons, et des
informations de base adégquates devraient déja &tre
disponibles ou 8tre relativement simples & rassembler.
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L'idéal serait de réaliser la collecte de données
au cours de, ou conjointement aux opérations de pé&che
et/ou a partir de stations cOtizres ou de navires
engagés dans d'autres activités, c'est-a-dire que
la présence de navires consacrant leurs activités

a l'évaluation et au contrble des espéces
sélectionnées serait peu ou ne serait pas nécessaire.

Tailles des échantillons

La faculté de détecter les réactions éventuelles aux
changements causés par la capture dans la présence
de krill sera fonction de la nature et de 1'impor-
tance de la réaction, de la précision des informations
de base, de la variabilité de la caractéristique
(paramétre) contrdlée, et de la précision avec
laguelle la variable peut &tre mesurée. De plus
grandes tailles d'échantillons qu'il est coutume

de relever dans les travaux de recherche sur les
pinnipédes et les oiseaux de mer, ainsi qu'un
échantillonnage régulier, pourraient bien &tre
nécessaires pour détecter les changements d'une
maniére suffisamment sensible.

Espéces d'oiseaux de mer susceptibles de servir
d'indices

Vu le grand nombre de manchots des espéces Adélie et
Pygoscelis antarctica, leur répartition, leur
dépendance du krill et la possibilité de s'approcher
d'eux durant la période de reproduction, ceux-ci
pourraient éventuellement servir d'indices précis
des changements localisés ou régionaux dans la
présence de krill. Les paramétres qui pourraient
changer ou changeraient en réaction a la présence

de krill comprennent la taille de la colonie, la
taille des couvées, le temps consacré par les parents
a la recherche de nourriture pour les jeunes oiseaux,
la guantité relative de krill et des autres espeéces
dans le régime alimentaire, le nombre d'oiseaux
atteignant 1'dge d'achévement du plumage, le poids
des jeunes émancipés et la survie jusqu'a 1l'dge

de reproduction. Les changements concernant la
survie jusqu'a 1'8ge de la premiére reproduction

et la taille de la colonie mettraient plusieurs
années a se manifester et seraient difficiles a
déceler sauf si les changements et/ou les tailles
d'échantillons étaient trés importantes. Les
changements dans le temps consacré a& la nourriture
des oisillons, le poids a l'achévement du plumage,
et autres variables semblables seraient beaucoup
moins fonction des décalages dans le temps et

plus faciles & mesurer et représenteraient ainsi

de meilleurs choix d'indices potentiels.
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Quelles que scient les variables sélectionnées pour
le contr8le, les études seront probablement fondées
sur un travail intensif et d'envergure limitée, &
moins gu'un systéme de collecte de données plus ou
moins automatique puisse étre établi. Une équipe
de deux & gquatre chercheurs serait nécessaire, par
exemple, dans chague colonie d'espéce sélectionnée
si des méthodes traditionnelles d'études étaient
utilisées. Par conséguent, 1l sera nécessaire, dés
le départ, de considérer et, autant que possible,
d'adapter et d'utiliser des appareils de mesure a
distance et des enregistreurs automatiques de
données pour la collecte de données.

Espéces de pinnipédes susceptibles de servir
d'indices

Parmi les six espéces de pinnipédes évoluant dans la
zone de la Convention, trois espéces dépendent jusqu'a
un certain peoint du krill antarctique. Le phogue
crabier se nourrit plus ou moins exclusivement de krill.
Le léopard de mer se nourrit de krill, du moins dans
certaines zones, et a pour proie les phogues crabiers
et les manchots Adélie, deux espé&ces se nourrissant
presque exclusivement de krill. Les phogues & fourrure
de la Géorgie du Sud et d'ailleurs-autour de la
péninsule antarctigue se nourrissent également de krill.

Les paramétres pouvant refléter les changements se
produisant dans la présence de krill comprennent:

l'ampleur de la population, la survie des nouveaux-

nés, des juvéniles et/ou des adultes; 1l'age a 1'époque

de la premiére reproduction; la taille & la naissance

et le taux de croissance; l'intervalle entre les périodes
de reproduction, et/ou les taux spécifiques de reproduction
par dge; l'épaisseur de la couche graisseuse; le temps
consacré a l'alimentation; et la proportion des espéces
autres que le krill servant de proies & ces espéces.

La plupart des variables pouvant éventuellement servir
d'indices, autres que l'ampleur de la population,
pourraient étre &valudes et contrdlées périocdiquement
en relevant des échantillons représentatifs d'animaux
dans des zones sélectionnées. Les tailles d'échantil-
lons seraient nécessairement importantes (30 & 50
individus par catégorie d'age) et les périodes entre
les échantillonnages devront &tre sélectionnées de
maniére & faire en sorte que tout changement observé
dans la variable indicatrice sélectionnée ne soit pas
causé par l'échantillonnage.

Conclusions
Plusieurs espéces et caractéristiques de populations

de manchots et de pinnipédes semblent répondre aux
critéres spécifiés et pourraient peut-&tre servir
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d'indices utiles des effets indirects de la capture
de krill sur les espéces dépendant du krill. En
principe, il semble que les caractéristigues de
population, les variables de reproduction et/ou les
taux de vie seront de meilleurs indices que les
recensements de population. Il semble aussi, en
principe, que de grandes tailles d'échantillons
seront nécessaires et que, dans le mesure du possible,
des systémes automatiques de ccllecte de données
devraient &tre mis au point et utilisés pour relever
les données. Enfin, l'information & présent
disponible n'est pas, en général, suffisante pour
servir de base & la détection de changements liés

a l'exploitation dans les espéces sélectionnées et

le développement de bases de recherches devrait

étre entrepris en priocrité. Pour fournir une base
d'évaluation des relations possibles de cause a effet,
la collecte d'informations slires concernant le caractére,
la position et l'étendue de 1l'expleitation du krill
devra également &tre entreprise en priorité.

KPUTEPMH OTBOPA KM TPEBOBAHMS MOHHTOPHHT'A B OTHOMEHHH HEKOTOPHX
JIACTOHOT'MX ¥ MOPCKHUX IITHL IIPY HX HCIOJNL30BAHHU B KAYECTBE KOC-

BEHHHX HBJIWKATOPOB H3MEHEHMH B JOCTYIHOCTH AHTAPKTUUECKOTO
KPUIIA

PeswmMme

AHTApKTHYECKHN Kpuiab, Euphausia superba, sas-
geTCsa NOMHHUDPYKIHM TPaBOAIHEM MOPCKOW Tpodu-
YeCKON nend AHTAPKTHKH M OCHOBHHM 3JIEMEHTOM
NHmeBOrO pexuMa (HHBAJIOB, CHHHUX KHUTOB, KHTOB-
ropbavelr ¥ OCTPOMOPIHX IOJOCATHKOB; THIACHEeN-
KpaboenoB M aHTAPKTHYECKHX KOTHKOB; IIHHTBHHOB
AnnesnH, YHHCTPAINOB, 30JIOTOBOJIOCHX H XOXJNaTHX
NUHTBHHOB; HEKOTOPHX IOPYI'HX BHIOB MODCKHX
TNTHI; & TAaKXe HBEKOTOPHX BHICB PH6 WM KanlbMa-
POB. HekoTOpHEe H3 3THX BHIOOB, B CBOW Ouepens,
NoemaKnTCcsa KallaJOTaMH, KacaTKaMu, MOPCKHMH Je-
onapmaMH ¥ IPOYHMH XHUIMHHKaAMH 60Jiee BHCOKOTI'O
nopsanka. TakuM o6pa3oM, IPH HENPaBHUJILHOM pas-
BHTHUM H YNpaBJeHUH npoMucen E. superba moxer
OKas3aThk BO3OeNCcTs¥e Ha MHOTHEe 3aBHCSmHe BHIH,
Ha OCHOBHYKW CTPYKTYPY M IIHHaMUKy TpoPHUIeCKOHN
ueny AHTEPKTHMKH, a TakXe M Ba pacnpocTpaHeHHe
M KOJIMYEeCTBO M NPOAOYKTHBHOCTL CaMOI'O KPHIA.

KOHBEHUUA O COXpPaHEeHHH MOPCKHX XHBHX PEeCYPCOB
AHTAPKTHKH TpebyeT IPOBEeNeHHS MPOMHCJAa MOpP-
CKHX XHBHX PEeCcypCOB IOXHOTIO OKeaHa TaKHM ob6pa-
30M, UYTOOH MNONNEPXHBAJIHCEH 3KOJIOTHYECKHE B3au-
MOOTHOMEHHA MeXOY 3KCIJYAaTHPYEMEMH, 3aBHCAMH-
MH M CBSI3aHHHMM TONYJIALMUAMH MOPCKHX XHBHX pe-
CYPCOB; a TaKxe NnNpenoTBPAaAmaZIOCh HCTOMEHHEe
JKCONyaTHpyeMuX BUIOOB. TeM He MeHee, O6wJIIO OH
HEeNOMEpPHO HOOpOro, €CNH He CKa3aTh — HEeBO3MOX-
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HO, TOPOBOOMTH OLUEHKY H MOHHTOPHHUI' KaXIoOr'o BH-
‘Oa MW NONyJALHH, KOTOPHE MOrYyT 6HTE INOLBep-
XEeHH KOCBEHHOMY BO3LOEHCTBHI [POMHCIIa KPHIA.
TakuM obpasoM, OTCHIa CJenyeT, YTO OMHOR U3
3amay, CTroamux nepen HaydyHEHM KOMHTETOM, KOTO-
puER 6H1 opraHusosal AHTKOM'oOM, sBiseTCH omnpe-
OeneHde ¥ pa3spaboTka nporpaMM MOHHTOPHHTA
Tex BHIOOB H MNONYJALMUN, HIH HX XapaKTepHCTHK,
Ha KOTOPHE CKOpee BCero OKaxeT nonmakmeecs
oBHapyXeHHK® BIHSHMWe BSKcIyarauuwsu E. superba.

3ajzavaMH 3TOH nporpaMvu 6mnu: (a) paspaborarshb
KPpUTEepuH oT6opa BHIOB, IMONYJIALHN H XapaKTepH-
CTHUK MONYJAALHN, KOTOPHE, BEpPOSATHO, NpenocTa-
BAT [IOJI€3HHE HHAMKATOPH CBA33HHHX C MIPOMECIIOM
KPMJIZ HM3MEHEeHH#l B OOCTYIIHOCTH AHTAPKTHUECKOIO
kpunsa; (b) cobpaTh H OUEHUTE HMEWmYHCS HHOOP-—
MauHK MO 3KOJIOTHH, IOeMorpaduu M OHHaAMHKE aHT-
ApPKTHYECKHX JIACTOHOTHX M MOPCKHX TITHL, OJS TO-
r'0,4YTO6H OIPENesIiTh KakKHe KH3MEeHANmMUeCHs XapakK-
TEPUCTHKH BHIOOB M MNONYJALHA CMOT'YT SBHTBCSH
IIOJIE3HHMH HHOKKATOPAMHM CBA3aHHHX C TPOMECJIOM
HW3MEeHeHHN B JOCTYINHOCTH Kpunda; ¥ (c) mno Bo3-
MOXHOCTH, NPEeNJIOKHUTL TEe AaCIleKTH NporpamMMm, KO-
TOPHE MOTYT OHTE HJIM OOJDKHH OHTL BBEIOEHH B
uensgx oréopa U MOHHTOPHHI'@ MNOTEHLHANBHHX KOC—
BEHHHX H3MEHEeHHUH B IOOCTYINHOCTH aHTapKTHECKOI'O
KpPHJIA .

OrpaHHYEeHUA

IIOMHMO MOPCKHX IITHI M JIACTOHOTHX CYMECTBYeT
pAn TPYNN BHOOB, KOTOPHE CllenqyeT paccMaTpu-
BaTh KaK BO3MOXHHEE MHIUKATOPH CBA3aHHHX C
IPOMHCJIOM H3MEHEHMH B pacrpepesieHHH, NJIOTHOCTH
¥ TOBeIeHHWH KPHJs. HanpHmep. HECKOJIBKO BHIOB
KHTOB, KOTOPHE MHUTAKNTCA KDPHJIEeM, BO3MOXHO,
ABATCSA TNONE3HHMH HHOMKaTopamMu. TeM xe obpa-
30M, OOHWH HNH 60JIee BUINOB TPABOSMOHHEX MOLYT
ABJATLCA KOHKYPEHTaMH KPHJII, KOTOPHE MOI'YyT
OTpearHpoBaTh Ha H3MEHEHHS B KOJIMUECTBE KDH-
JIT B TIOCJIyXaT HMX YYBCTBHTEJIBHEMH HHOHKaTOpa-
MH. B [aHHOM OOKYMEHTE pacCMaTPHBAKTCA TOJIBKO
MODPCKHE ITHIH U JJACTOHOTHE, IOCKOJIbKY aBTOpPH
Hauboyiee XOpPOmMO 3HAKOME C 3THUMH T'PYNNaMy BU-
IOB.

KpHTepHuH OLeHKH INOTEHUHAJIbHHX HHIHWKaTOPOB

Iona Toro, 4TOOH BHI HJIH MONYJSALHA MOIJIXA CIYy-
XHTE 20peKTUBHEIMH HHOWKATOPAMH BH3BAHHHX NIpPO-
MHICJIOM HM3MEHEHHN B IHOOCTYIHOCTH KpPHJIA, OHH
DOMKHE OHTE XHMHMKaMM, [NHTAKMHMHCA KPHIIEM,
BXOOWUTH B TNHMEBOM pPEeXHM KPHINA HIJIH ABIATLCS
€0 KOHKYPEHTOM; obHTaThk B Tex palioHax, Toe
BEeOeTCHa IpOMHCEJ KPHJIA, HJIH BOJIM3H TaKHX pal-
OHOB H OHTE YYBCTBHTEJIBHEIMH B OTHOmMEHHM HIMEe-
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HEHUP B OOCTYNHOCTH KPHJIA, HO OTHOCHTENBHO
HEBOCHPHUMYHBHEMH MJIM BOCIPUYMMYHUBEMHM B Ipen-
CKa3yYEeMOB CTEeNneHHM K e€CTEeCTBEHHHM H3IMEeHEeHHFM
OKpyXawmel cpend. [IoOMHMO TOro, OHH IOJIXHH pe-
arupoBaTh OTHOCHTENBHO BHCTPO (TO e€CcTh He
IOJ/DKHO 6HTE OTCTaBaHHUA B HECKOJILKO JIeT), MNpo-
uegypa O6HaApYXEeHHA peaxkuM¥ nosmkHa OHTE OTHO-
CHTEeJIbHO IIPpOCTOH, Hemoporon ¥ IOOIyCKaThk HC-
NOJIb30BaHUEe KPYINHOpa3MepHHX Mnpob, a Takxe
OOoJIXHa MMEeTbCH aleKBaTHas HCXonoHasa HuHopMa-
1IHA HJIM BO3MOXHOCTB €€ OTHOCHTEJIBHO IPOCTOro
cbopa. B Hpeane c60Op OAaHHHX IOJIKEeH MNPOBOOUTH-—
Cs BO BpeMs HJIM B CBS3H C NPOMHCJIOBEHMH Ofniepa-
LIHAMH HM/WIM B6eperOBHMH CTaHUHAMM W CyOaMH,
BeoymyMu IOPYyT'YKW OEATEeNBHOCTh, TO €CTh OOJIK-
Ha OTCYTCTBOBATEL HMJIHM MUMETBCS MHHHMaJbHas He-
O6XOONMOCTE HCINOJIB30OBAHUA ClIelHaNybHO CHapsa-
XeHHHX OJIg 3TOr0 CYIOB OJiIT OLEeHKHM ¥ MOHHTO-
PHHIa BHOpPaHHHX OJIA M3YYEHHs HHIOIUKaATOPOB.

PasmMmep 1npob

BO3MOXHOCTE BHABJIEHHA BEPOATHHX PEakIUH Ha
CBfAi3aHHHE C TPOMHICJIOM H3MEeHeHVs B LOCTYMNHOCTH
KpuiiAa 6yleT 3aBHCEeTh OT NPHPOOH W HHTEHCHBHO-
CTH peakxliyHd, IOOCTOBEpPHOCTH HMCXOOHOW HHPOpMa-—
LUHM¥, CTEeNneHH H3MEHUHBOCTH TOH XapaKTEepPHCTHKH
(mapameTpa) , MOHHTOPUHT KOTOPO¥ HNPOBOOHTCHA, &
TaKXe OT TOW CTelneHH TOYHOCTH, C KOTOPOH 3Ta
nepeMeHHasa MOXeT OHTbL H3MepeHa. BrnoJsiie Bepo-—
ATHO, 4YTO IJI7 BHABJEHHS HM3MEeHEHHN C alexBaT-—
HON TOYHOCTBK, MOXET MNOHANOBHTHLCHA B3IATHE NPO6
6051ee KPYNHOT'O pa3Mepa, 4YeM 3TO OOEYHO IIPHHA-
TO NPH H3YYEHHH JIaCTOHOI'MX M MOPCKHX INTHL, a
TaKXe NOBTOPHOE HX B3ATHE.

[loTesuHasiEHHEe HHIOHKATOPH K3 MOPCKHX INTHIL

BecrencTBye HX OONBLON YKMCIEHHOCTH, MHPOKOTO
pacrnpocTpaHeHus, 3aBHCHMOCTH OT KDHJS H OO~
CTHXHMOCTH BO BpeMsa Ce30Ha Pa3MHOXEHHA, NHUH-
TBHHH AfesIM M YUHCTPAalh MOT'YT SBHTBCH XODO-
WUMH HMHOWKATOPaMH JIOKAJIM30BAHHHX HJM DPETHO-
HaJbHHEX M3MEHEHHH B IOOCTYINHOCTH KpHIA. Pas-
MEp KOJIOHHH, KOJIMYEeCTBO NTEHIOB B BHBOIKE,
NMDONOJIXKUTENIEHOCTE BPEMEHH, KOTOpOEe POIHTENH
NPOBOAAT B INOHCKaAX MHUMM, OCTAaBJIAS NTEHUOB,
OTHOCHUTENBHOE KOJIMYECTBO KPHJIA H OPYTHX BHIOB
B [MIEBOM DEXHMe, BHCTpOTa OIlepeHHsa, BecC
ITEHIOB NMPH ONEePeHHH H BEKMBAEMOCTH A0 BO3-
pacTa pa3MHOXEeHUS SABJAKNTCHA NapaMeTpaMH, KO-
TOpHE, MNPenrcJIOKUTEeNbHO, MOTYT HW3MEHHTBCH HIIH
H3MEHATHLCH KaK pPeaklMsg Ha H3MEHeHHA B IOCTyn-
HOCTH KpPHJA. H3MeHEHHs B BHDKMBAEMOCTH IO Bpe-
MEHH NepBOr0 Pa3MHOXEHHS M pasMepe KOJIOHHUHU
CTaHYT OYEBHIHHMH JIHIb IO NPOWECTBHH HECKOJb-
KHX JIeT; M HMX BHSBJICHHE OKaXeTCH 3aTpynoHu-
TEeNbHEM, €CJiH TOJIbBKO 3TH H3MEeHEeHUA H pa3MepH
nMpo6 He 6ynyT O4YEeHb BEJHKH. H3MeHeHHa BO
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BPEMEHY KOPMIICHMUsI, BEC IIPH ONEepeHHH U IPOYHE
NONoO6HHE H3MEHAKNMHUEeCH BEJIMYMHH, 6YIYT MeHee
nonBepXeHH OTCTaBaHWKW BO BpPEeMeHH, H HX Jerye
H3MEepHTb, YTO JeslaeT HX 60Jiee NOOXONSMHUMM IIO-—
TEHUHAJIbHEMH HHIHKATOPAaMH.

HezaBHCUMO OT BHEGOpAa IepeMeHHHX OJIA MOHHTO-
PHHEra, HCClenOBaHHA, BEPOATHO, HNOTpeb6YKWT
6onpmKUX 3aTpaT TPpyYOa, H HX pasMax 6ymeT orpa-
HU4YEH, eCJIH TOJNBKO He OyneT BupaboTaHa bonee
HJIM MeHee aBTOMaTH3UpOoBaHHasa cucrema cbopa
InaHHBX. Hanpumep, norpeboBanack 6H Tpynna,
cocTofmas K3 OBYX—4YeTHpexX HccJjenoBaTeNel, IpH
Kaxno# oOTO6paHHOH KOJIOHHW-HHIOUKaTOpe, eCin
HCMOJIBb30BaTk TpalHUHOHHHE MeTOoOH HCcchaenoBa-
HUB. TakuM ob6pasoM, Ha pPaHHUX cTaguax 6yner
HEeO6XOOHUMO HM3YYHUTE H, €CJH BO3MOXHO, anallTH-
POBaATE H HCHNOJNB30BAaTH MNPHOOPH OUCTAHILMOHHOIO
OOHapPYXEHHsA M aBTOMaTHYECKOM perucTpalHH

IoJjiss cbopa IDaHHHX.

lloTeHU¥ansHHEe HMHOWKATOPH W3 JIACTOHOTHX

Cpeny mecTH BHIOOB JIACTOHOTHX, KOTOPHE BCTpEe-—
YAaWTCsA B 30He pencTBUSA KOHBEHIUMH, TpU B
KaKOH-TO CTENEeHH 3aBHCAT OT AaHTAPKTHYECKOI'O
KpHisa. TrneHH-Kpaboernn IHTaknTCA B OCHOBHOM
KpHJieM. MOpCKHe JleonaplH, IO KpaliHell Mepe B
HEKOTOPHX pa’oHax, MNHTAKTCS . KpHJIeM U SABIAKNT-
CA XHMBHKAMH, IHTHOOHMHCA THIJIEeHAMH-KpaboemaMu
H NUHICBUHHaAMM Aesi¥, KOTOpPHE B OCHOBHOM 3aBH-—
CAT OT aHTAPKTHYECKOI'O KpuNsa. Mopckue KOTHKH,
obuTarmmue Ha [0kHOM I'eOprdH H B OCTAaNbHHX pan-
OHax BO6JM3H AHTAPKTHYECKOI'O NOJIYOCTPOBA, TakK-
Xe THTanTCH KpPHIEeM.

B 4YHCJIO NMapaMeTpoB, KOTOPHE MOI'YT H3MEHUTBLCH
B OTBET Ha H3MEHEHHA B IOCTYNHOCTH KPHJA,
BXOOAT: BeJHYHWHA TONYJISAIHH, BEXKUBAEMOCTHL Je-
TEeHHIEH, HENOJIOBO3PEeNHX HU/HWIM B3POCIHX OCO-
6elt, BO3pPACT BO BPEMs MEPBOI'OC DPa3MHOXECHHA,
pasMep HOBOPOXIEHHHX OCO6el H CKOPOCTEH poOCTa,
HHTEepBaJHl MeXOy Pa3MHOXEHHSMM H/HJH OTHOWEeHHEe
MEeXIY BO3PaCTOM M CHeUHPHUYECKHMH TeMIaMH pas-—
MHOXEHHUS, TOJMMHA NOINKOXHOIO cajla, BpeMms, 3a-—
HATOE KOPMJIIEHHMEM, M OTHOCHTEJIbHOE KOJIHYEeCTBO
OTJIMYHHX OT KPHJIA BHIOB B IHIEBOM pPeXHME.

OLeHKa ¥ MOHHTOPHHI OONBHNHHCTBA INOTEHIMANbHHX
NnepeMeHHHX-HHIUKaTOpPOB, IIOMHMO pasMepa NOomny-
JIAUMHU, MOI'YT OHTE IIPOBEOEHH NYTeM MIepHonHdYe-
CKOro c6opa penpes3eHTaTHBHHX BHOOPOK M2 OTO6-
PaHHHX pPAarOHOB. PasMephn BHOOPKH OOJDKHH OHTEB
kpynHemu (30-50 oco6er OT BO3pPAaCTHON I'PYNNH),
¥ HHTepBajih MeXHny BHOOPKaMH IOJIXKHH 6HTL yCTa-
HOBJIEHH TaK, YTOOH 6HJIa YBEPEHHOCTB B TOM,
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YTO OTMEeUYEeHHHE H3MEeHEHHs Y OTOOpaHHHX Iepe-
MEEBHHX-HHIOIWKATOPOB He OHBJIM BH3BaHH CaMHMM BH-
6opxamM .

BHBOIH

HeKoTOpHE XapaKTepHCTHKH BHAOOB ¥ INONYJIAILHMHA
IHHIBUHOB M JIACTOHOTHUX, MO BCEW BEPOSATHOCTH,
OTBEYAKT YIIOMAHYTHM KPUTEPHAM M MOTYT CIYXHTH
NOJIe3HEMH HHIOIWKATOPaMM KOCBEHHOI'O BO3IEeHCTBHUA
NIpOMEICHIA KPWJIA Ha BHIH, 3aBUCAmMUHEe OT Hero.

Kak npaBHUJIO IpelCcTaBlsAeTCs, YTO XapakKTEepHCTU-—
KW TONYJsUWY, NepeMeHHHEe BOCIPOHM3BOICTBA H/
WK TIOKa3aTeJyld eCTEeCTBEHHOI'O Pa3BUTHA OHUIH OH
JIYYIIMMM HEIOHKAQTOPaMH, 4YEeM OIperesyieHHe Benu-
YUMBH nonynAnuu. [NOMHMO 3TOrO, npencraBiseTrcs
BEPOATHEM, 4YTO, KakK MNpaBuno, 6yOyT HeOGXOIOHUMH
KpYNHHEe BHOOPKH H, NO Mepe BO3IMOXHOCTH, CJeny-
eT pa3paboTaThk ¥ BHEOIPHTH ABTOMATHUECKYK CH-
creMy cbopa OaHHHXx. H, HakoHell, HMermaacsa B
HacrToamee Bpema HMHOoOpMauus B OCHOBHOM HejpocTa-
TOYHAa, 4YTOOH MNPEeOOCTABHUTL QCHOBY MOJIS BHABJISHUS
CBA3AaHHHX C TPOMHCJIOM H3MEHEeHHH y OTOOpaHHHX
HHOUKATOPOB, M pazpaborka 6a3n HCXOOHOM HUH-
dopMauMKU JIOMKHa O6HTE NPEeNIpPHHATa B CPOYHOM
nopsanke. ObecnedyeHHe OCHOBH OJIS OLL€HKH BO3MOX-—
HHX IPHYHHHO~CJIEOCTBEHHHX CBA3eH, CcBoOp OOCTO-
BEPHOR HHPOPMAULHH O INpHPOAEe, padoHax M BeJIu-
YHHEe IIPOMHICJIa KPHIS OOJIXKHH 6HTE CHeJaHH Cpo4Yy-—-
HO.

CRITERIOS DE SELECCION Y REQUISITOS DE CONTROL PARA LOS INDICADORES
INDIRECTOS DE CAMBIOS EN LA DISPONIBILIDAD DE KRILL ANTARTICO
APLICADOS A LA INFORMACION DE ALGUNOS PINNIPEDOS Y AVES MARINAS

Resumen

El krill antdrtico, Euphausia superba, es el herbivoro
dominante en la cadena tré6fica marina antdrtica y un
componente principal de las dietas de los rorcuales
comunes, ballenas azules, jorobadas y enanas; focas
cangrejeras y focas peleteras antdrticas; pingdinos
Adélie, Pygoscelis antarctica, macaroni y rockhopper;
varias otras especies de aves marinas; y varias especies
de peces y calamares. Algunas de estas especies son a
su vez consumidas por cachalotes, orcas, Hydrurga
leptonyx y otros depredadores mayores. Por lo tanto,
si no se desarrolla y administra en forma adecuada,

la pesca de E. superba podria afectar a muchas
especies dependientes y a la estructura bésica y a

la dindmica de la cadena tréfica marina antértica,
como asi también a la distribucidn, abundancia o
productividad del mismo krill.
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La Convencién sobre la Conservacidn de los Recursos
Vivos Marinos Antdrticos (CCAMLR) requiere que la
recoleccién de recursos vivos marinos en el Océano
Austral se efectie en forma tal que se mantengan las
relaciones ecoldégicas entre los recursos vivos
marinos recolectados dependientes, y las poblaciones
correspondientes, como asi también que se evite el
agotamiento de las especies recolectadas. Sin
embargo, seria de un coste prohibitivo, si no -
imposible, evaluar y controlar cada especie y
poblacién que indirectamente pudiera verse afectada
por la pesca de krill., Por consiguiente, esto
significa que una de las tareas del Comité 1
Cientifico establecido por CCAMLR, serd determinar

y diseflar programas para controlar agquellas especies,
poblaciones, o caracteristicas de poblaciones que con
mayor probabilidad se verdn afectadas, en formas
detectables, por la explotacidn de E. superba.

Los objetivos de este proyecto eran: (a) desarrollar
criterios para seleccicnar especies, poblaciocnes y
caracteristicas de poblaciones que posiblemente
proporcionasen indicadores dtiles de cambios
relacionades con la recoleccién en la disponibilidad

de krill antdrtico; (b) recopilar y evaluar informacidn
de fécil disponibilidad con respecto a la ecologia,
demografia y dindmica de los pinnipedos y aves marinas
antdrticos, a fin de poder determinar si algunas
especies y variables de la poblacién pudiesen servir
como indicadores Utiles de cambios relacionados con

la recoleccién en la disponibilidad del krill y cudles
serfian estas especies; -y (c) en lo posible, sugerir
aspectos de programas que podrian ¢ deberian ser
iniciados a fin de seleccionar y controlar los

posibles indicadores indirectos de cambios relacionados
con la recoleccidén en la disponibilidad del krill
antdrtico.

Limitaciones

Hay una serie de grupos de especies, ademds de las
aves marinas y los pinnipedos, que deberian ser
considerados como posibles indicadores de cambios
ocasionados por la recoleccidén en la distribucién,
densidad o comportamiento del krill. Varias especies
de cetdceos, por ejemplo, se alimentan de krill
antdrtico y posiblemente podrian ser indicadores
ditiles. En forma similar, es posible que una © mis
especies herbivoras compitan con el krill, y podrian
responder a, y servir de indicadores susceptibles a
los cambios en la abundancia del krill. Este documento
considera solamente las aves marinas y los pinnipedos,
ya que éstos son los grupos de especies con los cuales
los autores estdn mds familiarizados.
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Criterios para la Evaluacidén de Posibles Indicadores

Para poder actuar como indicadores efectivos de cambios
causados por la recoleccién en la disponibilidad del
krill, las especies o poblaciones indicadoras deben ser
depredadores, presa o competidores del krill antédrtico;
deben encontrarse en, © cerca de, las &reas en las cuales
se estd pescando krill; y deberdn ser susceptibles a
los cambios en la disponibilidad del krill, pero
relativamente indiferentes o responder de manera
previsible a las fluctuaciones ambientales naturales.
Adicionalmente, las respuestas deberian ser
relativamente rdpidas (es decir, no estar sujetas

a retrasos de varios afios); la deteccidén de respuestas
deberia ser simple, de bajo costo, y permitir muestras
de gran tamafio; y deberia ya existir una informacidn
bAdsica adecuada o deberia ser relativamente simple

de recopilar. Idealmente, la recopilacién de datos
deberia efectuarse durante, o en conjunto con las
operaciones de pesca y/o desde las estaciones

costeras o desde embarcaciones dedicadas a otras
actividades - es decir, idealmente habria poca o
ninguna necesidad de embarcaciones especializadas

para efectuar evaluaciones y control de indicadores
seleccionados.

Tamafios de las muestras

La capacidad de detectar posibles respuestas a los
cambios causados por la recoleccién en la disponibilidad
del krill dependerd de la naturaleza y la magnitud

de la respuesta, la fiabilidad de la informacién
bé&sica, la variabilidad de las caracteristicas
(pardmetros) que se estdn controlando, y la precisién
con la cual se puede medir la variable. Es muy
posible que durante las investigaciones de

pinnipedos y aves marinas sea necesario obtener
muestras de mucho mayor tamafio que lo acostumbrado,
asi como también realizar muestreos repetidamente,

a fin de poder detectar cambios con adecuada
susceptibilidad.

Posibles Indicadores de Aves Marinas

Debido a su gran nuUmeroc, amplia distribucién,
dependencia del krill, y accesibilidad durante la
época de reproduccidn, los pinglincs Adélie y
Pygoscelis antarctica pueden ser potencialmente,
buenos indicadores de los cambios localizados o
regionales en la disponibilidad del krill. Los
pardmetros que probablemente podrian cambiar o
cambiarfan en respuesta a la disponibilidad del krill
incluyen: el tamafio de la colonia, tamafio de la nidada,
tiempe que los padres pasan alejados de sus polluelos
en busca de' alimentos, cantidad relativa de krill y
otras especies en la dieta, é&xito de la cria, peso



= 30091 =

de los polluelos durante la muda y supervivencia
hasta la edad de reproduccién. Los cambios en la
supervivencia a la edad de la primera reproduccidn
vy en el tamafio de la colonia tomarian varios afios en
manifestarse y serfian dificiles de detectar a menos
que los cambios y/¢ los tamafios de las muestras
fuesen muy grandes, Los cambiocs en el tiempo
empleado en la alimentacién, peso de los polluelos
y otras variables similares estarian menos sujetas
a retrasocs y serian mds fdciles de medir,
convirtiéndolas en mejores opciones de posibles
indicadores.

Cualguiera que sean las variables seleccionadas para. el
control, los estudios regquerir&n probablemente una
ardua labor y estardn limitados en su alcance, a menos
que pueda establecerse algun sistema de recopilacidn
de datos mds o menos automd&tico. Se necesitaria un
equipo de dos a cuatro investigadores, por ejemplo,

en cada colonia indicadora seleccionada, si se fueran
a usar técnicas tradicionales de estudio. Por 1lo
tanto, durante la etapa inicial, serd necesario
investigar y, en lo posible, adaptar y usar control

a distancia y registros automdticos para la
recopilacién de datos.

Posibles Indicadores Pinnipedos

De las seis especies de pinnipedos que se encuentran en
el drea de la Convencién, tres dependen, hasta cierto
punto, del krill antdrtico. La foca cangrejera se
elimenta mds o menos exclusivamente de krill. Hydrurga
leptonyx come krill, por lo menos en algunas &reas, y
depreda focas cangrejeras y pingldinos Adélie, los cuales
a su vez dependen primordialmente del krill antdrtico.
Las focas peleteras de Georgia del Sur y otros lugares
en las vecindades de la Peninsula Antdrtica también

se alimentan de krill.

Los pardmetros que podrian variar en respuesté a los
cambios. en la disponibilidad del krill incluyen: tamafio
de la poblacidn, supervivencia de cachorros, jévenes

y/o adultos; edad al momento de la primera reproduccidn;
tamafio al nacer y tasa de crecimiento; intervalc entre
pariciones y/o tasas de reproduccién segin edad y
especie; groscr de grasa; tiempo empleado en alimentarse;
y proporcién de especies ademds del krill, gque sirven

de alimento.

La mayoria de las variables del posible'indicador,
aparte del tamafio de la poblacidn, podrian evaluarse y
controlarse recopilando periddicamente muestras
representativas de animales de &reas seleccionadas.
Los tamafios de las muestras serian necesariamente
grandes (30 a 50 individuos por clase de edad) y los
intervalos de muestras tendrian gque ser seleccionados
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de manera gque aseguren gue cualguier cambio
observado en las variables del indicador
seleccionado no fuera causado por el muestreo.

Conclusiones

Varias especies y caracteristicas de las poblaciones
de pingliinos y pinnipedos parecen cumplir con los
criterios descritos y posiblemente podrian servir
como indicadores Utiles de los efectos indirectos
de la pesca de krill en las especies dependientes
del krill. Como regla general, parece gue las
caracteristicas de la poblacién, las variables de
reproduccién, y/o las tasas vitales serdn mejores
indicadores que el recuento de poblaciones. Parece
también, por regla general, que se requerirdn
muestras de gran tamafio y que, en lo posible, se
deberian desarrollar y usar sistemas de registro
automdtico para la recopilacién de datos.
Finalmente, la informacidén actualmente disponible
es en general inadecuada para proporcionar una base
para la deteccién de cambios relaciconados con la
recoleccién en indicadores seleccicnados y se
deberia emprender el desarrollo de pautas bdsicas
como una cuestién de prioridad. Asimismo deberia
darse prioridad a la recopilacién de informacién
fidedigna con respectc a la naturaleza, ubicacién

y extensidén de la recoleccidn de krill, para que
sirva de base en la evaluacidn de las posibles
relaciones de causa y efecto.
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1. INTRODUCTION

BACKGROUND

The Convention on the Conservation of Antarctic Marine Living Resources
(CCAMLR) requires that harvesting of living resources in the Convention
area be conducted so as to prevent harvested populations from being reduced
below their level of maximum net productivity and to maintain the
ecological relationships between harvested, dependent, and related
populations of Antarctic marine living resources. Thus changes in any
populations, and the acceptability of such changes in terms of the

conservation standard, are pertinent concerns under the CCAMLR.

Obtaining information on every species and population that might be
affected directly or indirectly by harvesting and related activities would
be prohibitively expensive, if not impossible. It follows, therefore, that
one of the tasks of the CCAMLR Scientific Committee will be to identify
those species and populations, in addition to those being harvested, that
should be monitored to determine the possible indirect effects of
harvesting and related activities. The Scientific Committee will also need
to devise sampling strategies (monitoring schemes) that will facilitate

rapid and sensitive detection of changes in selected indicator variables.

This paper addresses conceptual and practical aspects of the selection
of indicators and monitoring strategies through examination of potential
indicators of the indirect impacts of krill harvesting on seabird and
pinniped populations. Krill harvesting may affect the availability or
vulnerability of krill to predators by changing the abundance, density,
distribution, or swarming behaviour of krill. This paper refers to
harvest-related changes in "krill availability”, rather- than only "krill
abundance”, té indicate that predators could be affected by changes in
krill distribution or behaviour as well as by changes in krill abundance or

density.

OBJECTIVES

The project objectives were to :
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a. develop criteria for selecting species, populations, and population
characteristics that likely would provide useful indirect indicators of
harvest-related changes in the availability of Antarctic krill ;

b. assemble and evaluate readily available information on the ecology,
demography, and dynamics of Antarctic pinnipeds and seabirds to
determine whether and what species and population variables of
pinnipeds and seabirds might serve as useful indicators of

harvest—related changes in krill availability ; and

c. recommend a process and, as possible, suggest programs, for selecting
indicators and devising monitoring regimes for indirect indicators of

harvest-related changes in the availability of Antarctic krill.

METHODS

A tentative list of criteria for evaluating potential indicators was
developed, and readily available information on the ecology, demography,
and dynamics of selected Antarctic seabirds and pinnipeds was compiled and
organised to facilitate evaluation of indicators. The authors then met to
evaluate both the data and the tentative criteria for assessing the utility
of possible indicators of indirect impacts of harvest related changes in
krill availability. The authors also evaluated the potential utility of
available data sets as baselines for detecting future changes, and
considered the design characteristics of monitoring regimes necessary and

feasible for enabling detection of indirect impacts of krill harvesting.

LIMITATIONS

There are species groups in addition to pinnipeds and seabirds that
might be useful indicators of harvest-related changes in the availability
of Antarctic krill. Several species of baleen whales and some possible

krill competitors, for example, might be sensitive to changes in krill
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availability. This project was intended to provide general guidelines for
selecting possible indicators and devising monitoring strategies. Seals
and seabirds were used as examples for applying the criteria and evaluating
the possible utility of species and population variables as indicators.

The criteria for useful indicators could and should be applied to other
species groups and to other population variables as well. Neither the
literature search nor the evaluation were exhaustive. An absence of
discussion of any particular species, variable, or data set does not
necessarily imply less potential importance as an indicator than those

which are discussed.

2, CONSIDERATIONS FOR DETECTING CHANGES

Since we cannot accurately predict the responses of krill predator
populations to varying levels of krill harvest, we need to design and
implement baseline/monitoring programs to detect any changes associated
with harvesting at an early time, when the magnitude of such changes is

still small.

SOURCES OF VARIATION

In order to detect change in a variable, it is necessary to take at
least two separate observations, and then compare them to see if they are
different. The comparison of observations is made difficult in practice
because of the variation inherent in data sets. First, some variation
arises from sampling techniques. The same observer taking the same
measurement twice will not get exactly the same results. Second, although
the variable of interest is probably a population characteristic,
observations must be made on individuals within a population, and
individuals vary. The results from different subsamples of individuals
within a population will be different. Because of these sources of
variation, there is some uncertainty associated with any observation, and
the greater the sampling or individual variation,; the greater the.
uncertainty. The uncertainty then complicates the comparison of

observations.
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To use two (or more) observatioms of a variable made at different times
to detect changes associated with krill harvesting, one of those
observations needs to come from a time before any harvesting has occurred,
or, 1f that is impossible, from as early as possible once fishing has
started. Then, if observations from different times are different, and a
change has been detectea, the ecological significance of that change must
be evaluated. Here a third source of variation arises, namely natural
variation or population responses to the physical, chemical, or biological
environment. The range of variation in a variable in an undisturbed
population over recent historical time is usually considered to be the
natural variation for that variable. Natural variation increases the
difficulty of detecting the changes of greatest interest, namely
perturbations due to human activities such as harvesting, the fourth source

of variation that needs to be considered.

SAMPLE SIZE

The several sources of variation contribute to uncertainty in any
estimate of a variable at a particular place and time. Clearly one
measurement 1s not enough basis for an estimate, but how many observations
are necessary? The sample size required for any estimate depends on how
bad the problem is (the extent of variation) and how badly you want an
answer (the size of the response to be detected). The greater the
variation, and the smaller the size of the change you want to be able to

detect, the larger the sample size that will be required.

As an example of sample size requirements, Table 1 indicates sample
sizes needed to detect differences between means for two populations under
selected conditions. Table 1 indicates that only about 20 measurements
from each population would be necessary to recognise a relatively large
difference in means if variation among individuals were relatively small,
but that several thousand measurements from each population would be needed
to recognise a small difference between populations with relatively greater

variation among individuals.
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The values for variance and difference to be detected used in Table 1
were selected to represent a realistic problem for Antarctic monitoring.
Consider for example fledging weights of Adelie penguin chicks as the
variable of interest as a potential indicator (Table 2). Most of the
reported means differ by up to 0.7 kg, so a need to detect differences of
0.1 to 0.5 kg between means clearly is reasonable. Although standard
deviations were not reported along with means, apparent differences between
heaviest and lightest chicks at fledging were about 1 to 1.5 kg, so that
standard deviations of 0.1 to 0.5 kg again are reasonable. Thus a likely
monitoring objective of detecting a 0.5 kg difference in average fledging
weight in successive years from samples with standard deviation of around
0.5 kg would require sample sizes of around 500. In contrast, sample sizes
from past studies have been on the order of 50 first and 50 second chicks.
It is obvious, therefore, that field techniques allowing much larger sample

sizes would be needed for early detection of changes.

SAMPLE PATTERN

Sample size is an important consideration for detecting changes, but
not the only one. Our ability to draw inferences about differences between

populations also depends on the pattern of observations in time and space.

Literature reports of Adelie penguin chick fledging weight lack
multiple observations in the same place at different times (with useful
sample sizes) and also lack observations in several locations during the
same year. Although a number of studies of Adelie fledging weights have
been made, the studies do not provide a basis for determining the mean or
variance of fledging weight characteristic of any region and time period,
and likewise do not provide an adequate basis for estimating the magnitude
of natural variation. Consequently there is little basis for determining

the ecological significance of any different estimates in the future.
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IMPLICATIONS FOR MONITORING

National and international research programs conducted to date in
Antarctic waters have not provided a data base sufficient for detecting
changes in any aspect of the marine ecosystem on a time scale shorter than
decades. Samples have not been reported at regular intervals and sample
sizes generally have been too small to be useful. A baseline/monitoring
strategy which facilitates the repeated, comparable sampling of carefully
selected variables necessary for detecting changes would also make possible
the evaluation of hypotheses concerning ecosystem level responses to

perturbations, and improve capability for predicting changes.

Since Antarctic research programs traditionally have not produced the
kind of data necessary for monitoring, it would be unwise to rely om such
programs for monitoring in the future. Thus it seems likely that the main
body of data for monitoring will need to be generated from within the
Convention framework, and a monitoring strategy relying on fishing vessels
as platforms for collection of data from non-target species (as well as
information on target and by—-catch species) should be carefully considered.
Information from research programs external to the Convention will be

useful, but most probably as supplementary rather than primary information

for monitoring.

These general considerations of how to detect changes in a single
variable point to some requirements for designing monitoring programs so as
to obtain useful data. Adequate sample sizes will be needed for each
indicator variable selected. Time series of observations, in several
locations, also will be needed for each indicator variable. Careful
reporting of results, and observations on several factors at the same place
and time, are also necessary. Since such sampling regimes would not be
possible for large numbers of variables, the variables to be examined must
be selected carefully, in order to maximise the useful information derived
from the effort invested in data collection. Variables selected should be
those for which adequape sampling is feasible, and those which provide

relevant information as well.
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3. CRITERIA FOR SELECTING INDICATORS

RESPONSE TO KRILL CHANGES

Indicators for population responses to krill harvesting clearly must
come from species that respond to changes in abundance, density, behavior,
and/or distribution of krill. Selected species should have an appropriate
ecological relationship with krill as predators, prey, or competitors.
Predation is the best understood relationship, and is analogous to fishing.
Thus krill predators are the most obvious candidates for indicators of the
indirect effects of krill harvesting. Indicator species or populations
should be sampled in locations where impacts from krill fisheries are
likely. Since populations affected by krill harvesting may be affected by
natural environmental variation as well, populations away from fishery
zones should also be sampled to provide information for comparison. The
location of areas sampled in terms of the distribution of the entire
species (center, fringe) should be known to aid in interpreting observed

changes.

Any variable selected for use as an indicator of krill availability may
also respond to changes in the physical environment, for example, sea ice
distribution. Therefore, the way a potential indicator responds to sea
ice, and possibly to other physical or chemical variations in the
environment, should be assessed so that such responses can be separated

from responses to krill per se.

Those variables which respond most rapidly to krill changes are the
ones most likely to be useful as indicators, so that trends or changes in
populations can be detected as early as possible. Population
characteristics which are manifested only after substantial time lags

(years or decades) would likely not be suitable indicators.
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ABILITY TO COMPARE OBSERVATIONS

The detection of change requires comparison of observations separated
in time or in space. Thus for selected indicator variables to be useful,
it must be possible to make comparable observations at different times
and/or places. The kinds of variables capable of being compared include
measurements, counts, and indices (all quantifiable) as well as the means,

variances, and distribution patterns of the data sets.

Indicator variables will be population characteristics but must be
estimated from observation of individuals within the population. Hence the
ecology and life history of the indicator species must be known well
enough to insure that different samples can be collected in such a way that
comparison makes sense. In the Antarctic, both timing of sampling with
respect to seasonal variation and subsampling of individuals within the
population must be considered. Primary production is an example of a
variable for which timing of sampling is critical, since production is
highly seasonal.  Breeding success of nesting seabirds provides an example
of a variable for which responses of different subsets of individuals
within a population differ, since breeding success depends, among other
things, on the distance of the nest from the center of the colony, and
samples from central nests might produce a different estimate of success

than samples from edge nests in the same season.

FEASIBILITY OF COLLECTING DATA

The selection of indicator variables must take into account the
necessity for large sample sizes to provide data that can be used to detect
changes in their early stages. Ideally it should be possible to get large
sample sizes for selected variables at several different geographic
locations in a year, as well as to repeat sampling at regular and frequent
intervals, in order to detect trends and evaluate their ecological
significance. Collection of information on environmental variables, such

as sea ice, for the same time and place, should also be possible.
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ABILITY TO INTERPRET DATA

The detection of changes in population characteristics is necessary,
but not necessarily sufficient for CCAMLR requirements. Once a change is
detected, the causes of that change must be determined or hypothesized.
Statistical analysis can indicate associations among factors, but cannot
provide information on cause and effect relationships. The causes of
observed changes will be a matter for interpretation and argument. The
availability of information on environmental factors in addition to krill
availability will help to determine probable cause and effect

relationships.

Having data on indicator variables from two or more species, with
somewhat different ecological and behavioral responses, will also be

helpful.

The magnitude and pattern of undisturbed or matural variation im an
indicator variable will also assist in assessing the significance of
observed changes, so baseline or pre-fishing information should be already

available or possible to collect for selected indicators.

Obviously, complete and accurate data on krill and by-catch harvests
will be essential to evaluate the possible causes of any observed changes
in indicator variables. Structuring the development of the krill fishery
as a controlled experiment would facilitate evaluation of possible cause
and effect relationships involving indicators and the fishery, and
development of capability for predicting indirect impacts of anticipated

fishing levels.

Models can be used to assess possible alternative explanations of
indicated changes, and to evaluate the implications of apparent trends over
time. Development of models with predictive capabilities will require a
substantial data base. Available information probably is sufficient,
however, to develop models that can be used to identify critical data gaps

and sensitive variables.



4, SOME VARIABLES THAT MEET THE INDICATOR CRITERIA

Theoretical and practical requirements for indicator species,
populations, and variables were discussed in the previous section. Are
there any variables that appear to meet that set of requirements? Yes,

there are.

SEABIRDS

0f the Antarctic seabird groups, penguins seem most likely to provide
useful indicators of local changes in krill abundance or distribution
associated with krill harvesting because of their distribution both in and
away from areas where krill fishing is occurring or expected, because of
their accessibility in breeding colonies, and because of their ecology. Of
the penguins, Adelies and chinstraps are the most promising indicator
species because of their dominance of penguin biomass, and because of their
habit of feeding predominantly on krill in the local area of breeding
colonies. An additional advantage is the existence of some baseline
information from studies which pre-date krill fishing in several locations.
Of the suite of population variables that could be examined for the two
penguin species, the reproductive variables such as clutch size, feeding
interval, or fledging success or weight presumably will bhave the fastest
response to changes in krill availability. Changes in certain reproductive
variables can occur and be detected in a single season. In contrast,
changes in population size or composition would take many years to occur

and detect in such a long lived species.

The reproductive variables which seem most likely to be affected in
detectable ways by krill availability include chick fledging weight, the
time adults spend at sea between chick feedings, and meal size. For each
of these variables, the mean, variance, or shape of the distribution of

data on individuals could be the population variable used as an indicator.

The weight of single chicks or first chicks in a clutch tends to be
slightly heavier than that of second chicks, so analysis of fledging

weights would be enhanced by information on either the hatching order of
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each chick weighed (for examining separate means for first and second
chicks) or on the proportion of second chicks in a cohort (for examining a
mean for the whole cohort). Alternatively, in the absence of such
information, the population means of fledging weight for first and second
chicks could be broken out of a sample of several thousand chick weights

using appropriate statistical tools.

Adult Adelies and chinstraps spend between a day and a half and three
days at sea feeding before returning to shore to regurgitate meals for
their chicks. The average time spent at sea should respond to the
availability of krill, since the faster an adult can fill its stomach, the
sooner it presumably will return to feed its chick. There probably is a
Jimit on maximum time spent at sea at which an adult will return with only

a partial load.

Meal sizes, which are several kilograms, could be determined either by
weighing individually recognizable adults as they leave and then re—enter
the water, or by weighing chicks periodically to get weights before and
after feedings. Then the differences are meal sizes, assuming negligible

weight loss due to metabolic maintenace.

Where and when should reproductive variables be examined to provide.
indications of changes in krill availability? As one example, King George
Island is a likely spot because of its proximity to areas where krill
harvesting is occurring, and because penguin studies have occurred there.
A string of several stations, beginning with Signy Is. in the South
Orkneys, then Elephant Is. and stations on either side of it, King
George Is. and Palmer on the peninsula, would provide good coverage of near
shore areas in the Scotia Sea. All of the locations should be sampled in
each year when indicator information is collected, and, initially, studies

probably would be needed every year.

How can that much data collection be accomplished in one season? To
date, studies of penguin breeding colonies usually have involved several
investigators present at a colony from 2 to 4 weeks and have been very

labor intensive. Several people working together could determine first and
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second chicks, obtain fledging weights on 50 or so chicks, get some weights
for meal size, and make some observations of time spent at sea by adults.
Observations on time at sea probably would have large confidence intervals
since relying on sightings is chancy. With the addition of some
instrumentation, namely putting transmitters on adults, perhaps 100 adults
at each location could be monitored for very accurate measurements of time

at sea.

Additional and innovative uses of remote sensing and automated data
recording should be considered. As an ad hoc example, consider setting up
fences with gates which would force a large number, perhaps thousands, of
chicks to go through the gates on their way into the water at fledging. If
the gates were equipped with scales and automatic recording for the scales,
the chicks could hop on and weigh themselves before going into the water.
Then thousands of observations of chick weights would be feasible with a
relatively small investment of time by investigators. With such a set up,
investigators could instrument several locations in a season, and return at
some later time to pick up the data records. Although this particular
technique may not be workable, a little thought about it should generate
other more promising ideas for automated data collection. The potential
returns in usable data for time invested justify several years of research
on innovative uses of technology for remote sensing and automated data

recording in the Antarctic.

Suppose a change in fledging weight is detected. What does it mean? A
number of environmental variables might be associated with observed
changes, so additional information would be needed to sort out the impacts
of fishing. For example, sea ice extent and density in the vicinity of
breeding colonies may affect the ability of penguins to feed and so should
be a factor considered along with krill fishing in trying to explain any
observed changes 1n penguin reproductive variables. Therefore, good data
on sea ice would be a useful complement to data on penguin reproductive
variables. Sea ice data, now collected from remote sensing by satellites
which provide good coverage on clear days, might be enhanced through use of
additional semsors that can see through clouds. Also important, though, is

providing easy access to the ice data for investigators.
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Data on other krill predator species in the same area where penguin
reproductive data are collected would also help in distinguishing the
causes of any detected changes. Of course complete and accurate data on
fishing activities would be essential in evaluating any observed changes in

indicators.

PINNIPEDS

Studies of Antarctic seals are summarised in Table 3. The utility of
seal species in the Convention area as indicators is in part a function of
their ecology and distribution. The best time series data available on
Weddell seals come from McMurdo in the Ross Sea, not an area where krill
fishing is anticipated. Ross, elephant, Weddell, and leopard seals are
unlikely candidates for indicators because of feeding habits that do not
depend mainly on krill, and/or abundance that makes collection of adequate
samples difficult. Conversely, crabeater seals, which are the most
abundant Antarctic seal and which have a circumpolar distribution in the
Antarctic ice pack, feed almost exclusively on krill. Their ecology,
distribution, and abundance make them a likely candidate for a useful

indicator species.

Large samples of crabeater seals can be collected, and observations on
several variables, including blubber thickness, weight, length, teeth, and
toenails, can be made from collected animals. Teeth can be analysed to
yield information related to age, both age of maturity and population age
structure. Since it is not known whether there is more than one breeding
population of crabeaters, or the precise relationship between seal
movements and pack ice distribution, it is possible that crabeaters should
serve as indirect indicators of krill availability over broad rather than

local areas.

There are some difficulties with using crabeater seal age data as
indicators. First, the time required to detect changes is on the order of
several years, possibly a decade or more. Second, one of the more useful

kinds of analysis will be comparison of cohorts. In that case every time a
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sample is taken, enough animals must be collected to provide perhaps 30 to
50 individuals in each age class of interest. Even without considerations
of how behavior and distribution patterns may bias sampling for various age
groups, that implies larger collections than have been taken in the past.
Finally, some additional work will be needed on the interpretation of
trends apparently indicated by the age data. Models can be used to examine
alternative explanations of historical data as an initial basis for

interpreting any future observations.

Some data on age at maturity for crabeater seals have been interpreted
as indicating that the average age at sexual maturity has become younger
over recent decades (Laws, 1977). In turn, the apparent decrease in
average age at sexual maturity is thought to be associated with more krill
available for food due to reduction in numbers of krill-eating whales. The
crabeater seal collections were made from 1966 to 1973, and results were
expressed as average age at maturity of year classes born from 1944 through
1968. For these data the more recent cohorts had an average age of
maturity about one and a half years less than that of the older cohorts.

An actual decrease in average age of sexual maturity for the more recent

cohorts 1s one explanation for the results presented, but not the only one.

Collections made in the early 1970's for animals born in the late
1960's would include some individuals who had not yet reached sexual
maturity, but would be expected to mature at an older age. Since age at
maturity would be unknown for immature animals, they would likely be
omitted from analysis. Hence, for cohorts born shortly before collections
were made, the estimate of average age of maturity may be biased downwards
since only animals maturing early could contribute to the estimate. At the
other end of the scale, collections made in the 1970's of cohorts born in
the 1940's would include only older animals. A differential mortality
related to age at maturity which favored late maturing animals only
slightly would bias the sample of old animals toward those that matured
late, since they would be more likely to still be alive than earlier
maturing individuals. Hence the estimate of age at maturity for cohorts

born long before the collections were made would be biased upward. Thus it
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is possible that cohorts born long before collections were made would
appear to have older average ages at maturity than cohorts borm shortly
before collections were made, even though no change 1n average age at

maturity had actually occurred.

To test these two different possible interpretations of the crabeater
age at maturity data, a second collection made perhaps 10 years later than
the first should be examined in the same way. Then the cohorts born say
in the 1960's would be seen in both collections, but at different ages when
collected. Their apparent average age at sexual maturity and the
possibility of differential mortality by age at maturity could be examined

by comparing the two data sets.

Other crabeater seal population variables presumably would change in
response to krill availability, but would not be suitable as indicators for
various reasons. Population size would likely respond too slowly to be
useful because of the long life span of crabeaters, and population
estimates would also be very imprecise and subject to confounding by large
scale movement patterns. Rates of recruitment to the breeding population
would be very difficult to estimate because of distribution patterns of
juveniles, and would only become apparent after long time lags in any case.
However, any possible indicator variables, including, for example, blubber
thickness, age—specific survival and reproductive weights, time spent
feeding, age-weight relationships, or diet composition, could and should be
evaluated carefully with respect to all of the criteria for indicators to

determine their potential utility.

5. A VARIABLE THAT DOES NOT MEET INDICATOR CRITERIA

One purpose of making counts of either seal or seabird populations is
to detect changes in the absolute or relative size of those populations.
Overall population size is a variable that responds slowly in long lived
species, and for that reason alone may be unsuitable as an indicator.

However, there are other problems with counts as well.
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It is very difficult to get comparable counts in successive years for
most populations. The distribution patterns for birds and seals depend on
highly seaonsal behavior. To be comparable, successive counts would have
to be made at exactly the same time in the seasonal cycle. The timing of
seasonal cycles depends on annual ice patterns and other physical and
biological factors, and not just on dates, so that considerable effort
would be required to do replicate sampling and/or to identify the point in
a seasonal cycle at which a count was made. Further, and perhaps most
telling, the effort required for counts with small confidence intervals is
prohibitive except where photographs of colonies from aircraft are
feasible. If +20% is the best that can be done on a count, and even that
is probably too expensive, then it will take decades to detect gradual
population trends on the order of a few percent per year. Therefore it
seems unlikely that the results of counts will be useful as indicators of

ecosystem responses to changes in krill availability.

6. CONCLUSIONS

We have identified several points that should be taken into
consideration by the Scientific Committee in selecting and determining how
to monitor possible indirect indicators of harvest-related changes in krill
availability. The potential indicator variables mentioned are intended to
serve as illustrations for applications of criteria for selecting
indicators and requirements for developing methods for monitoring. This
paper represents a starting point, not a solution, to the need for

monitoring of indicators for effective CCAMLR operations.

l. Species, populations, and population variables should be selected to
provide adequate, timely, and relevant information on indirect impacts
of krill harvesting. Indicator species should include krill predators
with population distributions overlapping krill harvesting areas. It
should be possible to compare selected variables from populations at
different times or places. Data on selected variables should be
feasible to collect, with adequate sample sizes, larger than sample

slizes customary in previous Antarctic research, and possible to
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interpret. For seabirds, potential indicator variables include Adelie
and chinstrap penguin reproductive variables. For pinnipeds, crabeater
seal collections probably will provide the most useful indicator

variables ; counts will not be suitable.

Possible indicator variables from other groups should be evaluated on
the basis of ecology, comparability, and feasibility of collection and

interpretation.

It is desirable to be able to detect population changes associated with
krill harvesting as early as possible while the magnitude of such
changes is still small. To do so requires baseline information on
variables in an undisturbed condition, as well as repeated, comparable
samples with adequate sample sizes to enable comparisons to be made.
Data on each selected variable should be collected in several
locations, at regular and frequent intervals at each location.
Information should be reported in a way that makes comparisons between

studies possible.

Data which allow early detection of changes in potential indicator
variables have not been collected under research strategies customary
in past Antarciic work. Repeated, comparable sampling with adequate
sample sizes is essential for monitoring to make possible the detection
of changes in any indicator variables, and would also contribute to
developing a capability to predict indirect impacts of varying levels
of krill harvest.

Available technology such as transmitters, remote sensing, and
automatic data recording should be used to the greatest extent possible
for monitoring. Several years of research on innovative use in the

Antarctic of existing technology would be worthwhile.

Complete, accurate, and timely catch and effort data from krill
harvesting in the Convention area are essential both for assessing the
causes of observed changes in indicator variables and for developing an

information base for predicting impacts of krill harvesting on
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non—-target species. An experimental approach to fishery development
would enhance investigation of the relationships between harvesting and

non-target population responses.

Once changes in indicator variables are detected, the problems of
explaining them and evaluating the causes remain. Assessing causes for
detected changes could be made easier by collection of data on several

indicator variables in the same location.

Models should be used to help evaluate alternative explanations for

observed changes in indicator variables.
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Table 1. Approximate sample sizes required to detect indicated differences
in means given indicated variances, with a confidence level of 0.90

(calculations based on Steel and Torrie, 1980, equation 9.18, page 232).

How bad the problem is : How badly you want an answer :
Standard deviation Variance Difference to be detected
based on n=100 (52 0.1 units 0.5 units
0.1 units 1 500 20
0.5 units 25 12,500 500




Table 2. .Adelie penguin chick fledging weights.
then the second, chick in a nest.

Geographic Area

South Orkneys,
Signy Island

South Shetlands,

King George Is.

Ross Sea, Ross Is.,
Cap Crozier

Cape Royds

Adelie Land

early 1950's 1959/60

3.6 kg
(M —
(Sladen, 1958)

- 4 kg, 3.7 kg
(113)
(Taylor & Roberts,
1962)
2.3 kg
(2) =

(Sapin—-Jaloustre,
1955)

Paired numbers indicate mean weights for the first,
Single values lump all chicks. Sample sizes in parentheses.

Time
1969/70 1977/78

3.9 kg
- , (47)
(Volkman & Trivel-
piece, 1980)

3.3 kg, 3.1 kg
(87) =
(Ainley & Schlatter,
1972)

= GEE =



Table 3.
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Locations, dates and data collected for sfudies of Antarctic Pinnipeds.

1. Weddell Seal (Lep

Location

60%43's 45°36'W
Signy Island

66°40'Ss 140°01 'E
Pointe Geologie at
Dumont d'Urville

Station

McMurdo Sound

77°50's 166°40'E

tonychotes weddelli)

Dates Investigators
1952-1953 A. Mansfield,
1970's-1981 (1952-53)

J. Croxall,
(1970-1980)
1976,77 A. Cornet and

Some effort
78-81

1964-1983

P, Jouventin

C. Ray,

I. Stirling,
D. Siniff,
R. Hofman,
D. DeMaster
J. Thomas &
W. Testa

2, Crabeater seal (Lobodon carcinophagus)

Location

Bag of Whales
78S 164°w

Marguerite Bay
68°00s 69°00wW

Pack %ce: 60°S,
40-55"E

Marguerite Bay
68°00S 69°00W

Dates Investigators
1934 A. Lindsey
1934-1937 G.C.L, Bertram
1964 T. Oritsland
1966-1973 R.M. Laws

Data

Collections for age and
reproduction, tagging
data, some estimates
reproduction rates,
from Croxall. (in
press).

Some tagging. Social
organisation, behavior.
Estimates of vital
rates not given.

Long term tagging
estimates of vital
rates generally
available except for
survival of immatures.

Data

Collection immatures,
adult males and females
(n=61)(American Museum
of Natural History).

Collection immatures,
adult males and females
(n=small)

Collection, 132 females
86 males.

Age of maturity from
back calculations
(451=n) (Males and
females).
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Location Dates Investigators Data
Bransfield Strait 1977 J. Bengtson, Collection of female
D. Siniff seals, age of maturity
(n=94).
West side Antarctic 1982 J. Bengtson Collection, mostly
Peninsula (not published) adults, some immatures

(n=around 500).

3. Leopard seal (Hydrurga leptonyx)

Location Dates Investigators Data
Heard Island 1939-1951 R.M. Laws Collection: pooled
Macquarie Island samples. 39 males and
S. Orkneys females
S. Geogria
Pack %ce; 600; 1964 T. Oritsland Collection; 33 males,
40-55"E 51 females.
Antarctic 1981-1982 S. Stone & Collection of mostly
Peninsula D. Siniff females (n=30)

(unpublished)

Antarctic 1982 J. Bengtson Collection males and
Peninsula (unpublished) females

4, Ross seal (Ommatophoca rossi)’

Very limited data exists on this species. Incidental observations and
collections of small numbers of animals exists for various parts of the
Antarctic, particularly the Ross Sea, Antarctic Peninsula region and the
Weddell Sea. The South African Antarctic program had plans to collect
animals in the eastern Weddell sea during the 1979-81 period. Results of
this work seems not to have been published.

5. Southern elephant seal (Mirounga leonina)

Location Dates Investigators Data
Signy Islagd 1948-1950 R.M. Laws Collections,
60°43'S 45736'W Population estimates
vital rates. Socilal
organization.
Macquarie Island 1960-1962 R. Carrick Social organization.
53%5 160°E : Population estimates

vital rates.
Collections.



Location
Marion Island
46°38's 37°45'E

South Georgia
54°s 36%w
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Dates Investigators
1974-1976 P.R. Condy
(probably
continuing)

1977-1982 T.S. McCann

6. Southern fur seal (Arctocephalus sp.)

Location

Dates

Prince Edward Island 1952-1977

46°40's 37°50'E

Sogth Ggorgia
547S 38°W

(intermittent)

Investigators

P.R. Condy

1971-present M.R. Payne

Data

Counts by age/sex
categories.

Counts, studies social
organization using
paint marks,
collections for age

at maturity.

Data

Counts. Estimate rates
of increase limited
marking program
Arctocephalus gazella

and Arctocephalus
tropicalis.

Population estimates
vital rates. Collection
of females for age of

maturity. Arctocephalus
gazella only.
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Table 1. Approximate sample sizes required to detect indicated
differences in means given indicated variance, with a
confidence level of 0.90 (calculations based on Steel
and Torrie, 1980, equation 9.18, page 232).

Table 2. Adelie penguin chick fledgling weights. Paired numbers
indicate mean weights for the first, then the second,
chick in a nest. Single values lump all chicks. Sample

sizes in parentheses.

Table 3, Locations, dates and data collected for studies of
Antarctic Pinnipeds.

Tableau 1. Tailles approximatives des échantillons nécessaires a la
détection des différences indiquées dans les moyennes
arithmétiques selon les variances indiquées, avec un
indice de fidélité de 0.90 (calculs basés sur Steel et
Torrie, 1980, équation 9.18, page 232).

Tableau 2. Poids des jeunes manchots Adélie émancipés. Les chiffres
accouplés indiquent les poids moyens du premier, puis du
second petit dans un nid. Les chiffres simples comprennent
tous les petits. Les tailles des échantillons sont indiquées

entre parenthéses.

Tableau 3. Lieux, dates et données recueillies pour les études sur les
pinnipédes de 1l'Antarctique.

Ta6muua 1. [IpHOIUM3IHTENLHHA pasMep npob, HeoOXOoOnUMHE IS
BHISBJIEHMS YKa3aHHOM pPa3HOCTH B CPEOHUX BEJIHUH-
HaxX IpH YKa3aHHOM OTKJIOHEHHH; CTEerneHb TOYHOCTH
0,90 (BruHCIeHHMs OCHOBaHH Ha Ctun u ToppH,
1980 r., ypasHeHue 9.18, cTpaHuna 232).

Ta6nuua 2. Bec ONepUMBINIEIOCH# NTEHIla NMHHIBHHa Anenu. IllapHHe
© 1uudpH YKA3ZHBAKWT Ha CPeOHHH BeC MEepBOTO, 3aTeM
BTOPOr'O TNITEHI2 B THe3ne. OOMHOYHHE LUUPPH BKIIKO-
YawT BCEeX NTeHLOB. B ckofkax - pasMep NpobH.

Ta6nuua 3. PawoHH, JAaTH ¥ HOaHHHEe, CO6PaHHHE OJNa H3YYeHHA
JIACTOHOIrHX AHTAPKTHKH.

Cuadro 1. Tamafios aproximados de muestras que se necesitan para
detectar las diferencias indicadas en medios tomando las
variantes indicadas, con un nivel de seguridad de 0.90
(los cédlculos estdn basados en Steel y Torrie, 1980,
ecuacién 9.18, pégina 232).

Cuadro Z. Pesos de los polluelos emplumados de pingliinos Adelie.
El par de nimeros indican los pesos medios del primer
y luego del segundo polluelo en el nido. Las cifras
inicas agrupan a todos los polluelos. Los tamafios de
las muestras aparecen en paréntesis.

Cuadro 3. Lugares, fecha y datos recopilados para estudios scbre
los Pinnipedos Antérticos.








