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Summary 

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 ma.intain 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 infomation 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 season, 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 would 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 1.1nless 
the change_s 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 era.beater seal feeds more or less exclusively on 
krill. The leopard- seal eats krill, at least in some 
areas, and preys on era.beater 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. 

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. 

Resume 

Le krill antarctique, Euphausia superba, est l'herbivore 
dominant de la chaine trophique marine et W1 composant 
principal des regimes alimentaires des rorquals communs, 
des baleines bleues, des baleines a bosse (megaptera), 
des petits rorquals; des phoques crabiers et des phoques 
a fourrure antarctiques; des manchots Adelie et des especes 
Pygoscelis antarctica, Gorfou Macaroni et Gorfou 
Sauteur; plusieurs autres especes d'oiseaux de mer; et 
plusieurs especes de poissons et de calmars. Certaines 
de ces especes sont, a leur tour, devorees par les 
cachalots, orques, leopards de mer et autres grands 
predateurs. Ainsi, si la peche d'E. superba n'est ni 
developpee ni reglementee de maniere adequate, elle 
pourrait etre detrimentale a de nombreuses especes 
dependantes ainsi qu'a la structure fondamentale et 
a la dynamique de la chaine trophique marine de 
l'Antarctique et egalement a la repartition, l'abondance 
ou la productivite du krill lui-meme. 

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 l'Ocean 
Austral soit effectuee de maniere a maintenir les liens 
ecologiques entre les populations capturees, dependantes 
et voisines, et a empecher la decimation des especes 
exploitees. Toutefois, il serait beaucoup trop coOteux, 
voire impossible, d'evaluer et de controler chaque 
espece et population susceptible d'etre indirectement 
touchee par la capture de krill. Par consequent, 
l'une des taches du Comite Scientifique etabli par 
la CCAMLR consistera a determiner et a rnettre au point des 
programmes de controle des especes, populations ou 
caracteristiques des populations les plus susceptibles 
d'etre touchees, d'une maniere disc ernable, par 
l'exploitation d'E. sup erba . 
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Ce projet avait pour but: (a) developper des 
criteres de selection de especes, de populations 
et de caracteristiques de populations susceptibles 
de' fournir des indices utiles des changements lies 
a la capture dans la presence de krill antarctique; 
(b) rassembler et evaluer les donnees disponibles 
sur l'ecologie, la demographie et la dyna.mique 
des pinnipedes et oiseaux de mer antarctiques 
en vue de determiner les variables de population 
et d'especes et si ces variables pourraient servir 
d'indices utiles des changements lies a la capture 
dans la presence de krill; et (c) dans la mesure 
du possible, signaler les points importants de ces 
programmes qui pourraient ou devraient etre mis en 
application pour selectionner et controler les. 
indices indirects potentiels des changements lies 
a la captu_re dans la presence de krill antarctique. 

Limitations 

En plus des oiseaux marins et des pinnipedes, un 
nombre de groupes d'especes devrait etre consideres 
comme pouvant servir d'indices possibles des 
changements causes par la capture dans la reparti­
tion, la densite ou le comportement du krill. 
Plusieurs especes de cetaces, par exe~ple, se 
nourrissent de krill antarctique et pourraient 
eventuellement servir d'especes indicatrices. De 
meme, une ou plusieurs especes d'herbivores 
pourraient entrer en competition avec le krill, 
autre facteur pouvant servir d'indice sensible 
des changements se produisant dans l'abondance 
de krill. Seuls les oiseaux de mer et les pinni­
pedes sont examines ici, ·ces groupes d' especes 
etant les mieux connus des auteurs. 

Criteres d'evaluation d'esp eces indicatrices 
potientielles. 

Pour fonctionner en tant qu'indice efficace des 
changements causes par la capture dans-la presence 
de krill, il est important que l'espece ou la popu­
lation selectionnee soit predatrice, proie ou 
concurrente du krill antarctique, qu'elle se deplace 
sur les lieux d'exploitation du krill ou a proximite 
et soit sensible aux changements survenant dans la 
presence de krill mais qu'elle soit relativement 
insensible ou qu'elle reagisse d'une maniere pre­
visible aux fluctuations naturelles du milieu. De 
plus, les reactions devraient etre relativement 
rapides (c'est-a-dire non soumises a des periodes 
de plusieurs annees), la detection des reactions 
devrait etre simple, peu couteuse et permettre 
d'obtenir de grandes tailles d'echantillons, et des 
informations de base adequates devraient deja ~tre 
disponibles ou etre relativement simples a rassembler. 
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L'ideal serait de realiser la collecte de donnees 
au cours de, ou conjointement aux operations de peche 
et/ou a partir de stations cotieres ou de navires 
engages dans d'autres activites, c'est-a-dire que 
la presence de navires consacrant leurs activites 
a l'evaluation et au controle des especes 
selectionnees serait peu ou ne serait pas necessaire. 

Tailles des echantillons 

La faculte de detecter les reactions eventuelles aux 
changements causes par la capture dans la presence 
de krill sera fonction de la nature et de l'impor­
tance de la reaction, de la precision des informations 
de base, de la variabilite de la caracteristique 
(parametre) controlee, et de la precision avec 
laquelle la variable peut etre mesuree. De plus 
grandes tailles d'echantillons qu'il est coutume 
de relever dans les travaux de recherche sur les 
pinnipedes et les oiseaux de mer, ainsi qu'un 
echantillonnage regulier, pourraient bien etre 
necessaires pour detecter les changements d'une 
maniere suffisamment sensible. 

Especes d'oiseaux de mer suscep tibles de servir 
d' indices 

Vu le grand nombre de manchots des especes Adelie et 
Pygoscelis antarctica, leur repartition, leur 
dependance du krill et la possibilite de s'approcher 
d'eux durant la periode de reproduction, ceux-ci 
pourraient eventuellement servir d'indices precis 
des changements localises ou regionaux dans la 
presence de krill. Les parametres qui pourraient 
changer ou changeraient en reaction a la presence 
de krill comprennent la taille de la colonie, la 
taille des couvees, le temps consacre par les parents 
a la recherche de nourriture pour les jeunes oiseaux, 
la quantite relative de krill et des autres especes 
dans le regime alimentaire, le nombre d'oiseaux 
atteignant l'age d'achevement du plumage, le poids 
des jeunes emancipes et la survie jusqu'a l'age 
de reproduction. Les changements concernant la 
survie jusqu'a l'age de la premiere reproduction 
et la taille de la colonie mettraient plusieurs 
annees a se manifester et seraient difficiles a 
deceler sauf si les changements et/ou les tailles 
d'echantillons etaient tres importantes. Les 
changements dans le temps consacre a la nourriture 
des oisillons, le poids a l'achevement du plumage, 
et autres variables semblables seraient beaucoup 
moins fonction des decalages dans le temps et 
plus fac·iles a mesurer et representeraient ainsi 
de meilleurs choix d'indices potentiels. 
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Quelles que soient les variables selectionnees pour 
le controle, les etudes seront probablement fondees 
sur un travail intensif et d'envergure limitee, a 
moins qu'un systeme de collecte de donnees plus ou 
mains automatique puisse etre etabli. Une equipe 
de deux a quatre chercheurs serait necessaire, par 
exemple, dans chaque colonie d'espece selectionnee 
sides methodes traditionnelles d'etudes etaient 
utilisees. Par consequent, il sera necessaire, des 
le depart, de considerer et, autant que possible, 
d'adapter et d'utiliser des appareils de mesure a 
distance et des enregistreurs automatiques de 
donnees pour la collecte de donnees. 

Especes de pinnipedes susceptibles de servir 
d'indices 

Parmi les six especes de pinnipedes evoluant dans la 
zone de la Convention, trois especes dependent jusqu'a 
uncertain point du krill antarctique. Le phoque 
crabier se nourrit plus ou moins exclusivement de krill. 
Le leopard de mer se nourrit de krill, du moins dans 
certaines zones, et a pour proie les. phoques crabiers 
et les manchots Adelie, deux especes se nourrissant 
presque exclusivement de krill. Les phoques a fourrure 
de la Georgie du Sud et d'ailleurs autour de la 
peninsule antarctique se nourrissent egalement de krill. 

Les parametres pouvant refleter les changements se 
produisant dans la presence de krill comprennent: 
l'ampleur de la population, la survie des nouveaux-
nes,. des juveniles et/ou des adultes; l'age a l'epoque 
de la premiere reproduction; la taille a la naissance 
et le taux de croissance; l 'in_tervalle entre les periodes 
de reproduction, et/ou les taux specifiques de reproduction 
par age; l'epaisseur de la couche graisseuse; le . temps 
consacre a l'alimentation; et la proportion des especes 
autres que le krill servant de proies aces especes. 

La plupart des variables pouvant eventuellement servir 
d'indices, autres que l'ampleur de la population, 
pourraient etre evalu€es et contr6lees periodiquement 
en relevant des echantillons representatifs d'animaux 
dans des zones selectionnees. Les tailles d'echantil-
lons seraient necessairement importantes {30 a 50 
individus par categorie d'age) et les periodes entre 
les echantillonnages devront etre selectionnees de 
maniere a faire en sorte que tout changement observe 
dans la variable indicatrice selectionn~e ne soit pas 
cause par l'echantillonnage. 

Conclusions 

Plusieurs especes et caracteristiques de populations 
de manchots et de pinnipedes semblent repondre aux 
criteres specifies et pourraient peut-etre servir 
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d'indices utiles des effets indirects de la capture 
de krill sur les especes dependant du krill. En 
principe, il semble que les caracteristiques de 
population, les variables de reproduction et/au les 
taux de vie seront de meilleurs indices que les 
recensements de population. Il semble aussi, en 
principe, que de grandes tailles d'echantillons 
seront necessaires et que, dans le mesure du possible, 
des systemes automatiques de collecte de donnees 
devraient etre mis au point et utilises pour relever 
les donnees. Enfin, !'information a present 
disponible n'est pas, en general, suffisante pour 
servir de base a la detection de changements lies 
a l'exploitation dans les especes selectionnees et 
le developpement de bases de recherches devrait 
etre entrepris en priorite. Pour fournir une base 
d'evaluation des relations possibles de cause a effet, 
la collecte d'informations sures concernant le caractere, 
la position et l'etendue de !'exploitation du krill 
devra egalement etre entreprise en priorite. 

KPHTEPHH OTEOPA H TPEEOBAHHH MOHHTOPHHrA B OTHOIIIEHHH HEKOTOP~X 
nACTOHOrHX H MOPCKHX nTHU nPH HX Hcnonb30BAHHH B KAqECTBE KOC­
BEHH~X HHnHKATOPOB H3MEHEHHA B nocTYilHOCTH AHTAPKTHqECKOro 
KPHJIH 

Pe3roMe 

AHTapKTHqecKHfi KpHnb, Eup hausia superba, HB­
nHeTCH noMHHHpyromHM TpaBoHnHb1M MOPCK08 TPO¢H­
qeCKOfi uenH AHTapKTHKH H OCHOBHblM 3neMeHTOM 
nHmeBoro pe~HMa ~HHBanoB, CHHHX KHTOB, KHTOB­
rop6aqefi H OCTpOMOPnHx nonocaTHKOB; TIOJieHe8-
Kpa6oenoa H aHTapKTHqeCKHX KOTHKOB; nHHrBHHOB 
AnenH, qHHCTpanoB, 3onoT0Bonoc~ H xoxnaTHX 
nHHrBHHOB; HeKOTOPHX npyrHX BHnOB MOPCKHX 
TITHU; a TaK~e HeKOTOpHX BHnoB p~6 H KanbMa­
poB. HeKOTOp~e H3 3THX BHnoB, B CBOro oqepenb, 
noenaroTCH KawanoTaMH, KaCaTKaMH, MOPCKHMH ne­
onapnaMH H npoqHMH XHWHHKaMH 6onee BNCOKOro 
nopnnKa. TaKHM o6pa3oM, npH HenpaBHnbHOM pa3-
BHTHH H ynpaBneHHH npoMhlcen E. superba MO~eT 
OKa3aTb B03nefiCTBHe Ha MHOrHe 3aBHCHWHe BHn~, 
Ha OCHOBHYID CTPYKTYPY H nHHaMHKY TPO¢HqeCK08 
uenH AHTapKTHKH, a TaK*e H Ha pacnpocTpaHeHHe 
H KOnHqecTBO H IlPOllYKTHBHOCTb caMoro KpHnH. 

KOHBeHUHH O coxpaHeHHH MOPCKHX *HB~ pecypCOB 
AHTapKTHKH Tpe6yeT npoBeneHHH npoMblcna Mop­
CKHX ~HB~ pecypcoB !())l(Horo OKeaHa TaKHM o6pa-
30M, qTQ6H noMeP~HBanHCb 3KOnorHqecKHe B3aH­
MOOTHOWeRHH MeJK,ny 3KcnnyaTHpyeMblMH, 3aBHC.SiIIIH­
MH H CBH3aHH~MH nonynHUHHMH MOPCKHX ~HB~ pe­
cypcoB; a TaK*e npenoTBpamanocb HcTomeHHe 
3KCnnyaTHpyeMblx BHllOB. TeM He MeHee, 6b1JIO 6N 
HenoMepHo noporo, ecnH He cKa3aTb - HeB03MO~-



- 303 -

HO, IlPOBO,IlHTb oueHKY H MOHHTOPHHr KaJK,I:IOro BH­
.ua HnH nonynHUHH, KOTOpble MoryT 6blTb no.uBep­
~eHbl KOCBeHHOMY B03,Il€0CTBHID npoMblcna KpHnH. 
TaKHM o6pa30M, OTCl(J,Ila cne.uyeT, 'l:TO O,I!H08 H3 
3a,Ila'l:, CTOHmHx nepe.u Hay'l:HblM KOMHTeToM, KOTO­
pbl8 6~ opraHH30BaH AHTKOM'oM, HBnHeTCH onpe­
,IteneHHe H pa3pa60TKa nporpaMM MOHHTOPHHra 
Tex BH,IlOB H nonynHUH8, . HnH HX xapaKTepHCTHK, 
Ha KOTOpble CKOpee BCero OKa~eT TIO,Il,IlaIDmeecH 
06Hapy~eHHID BnHHHHe 3KcnnyaTaUHH E. sup erba. 

3a.ua'<aMH 3To8 nporpaMMbl 6~H: (a) pa3pa60TaTb 
KPHTepHH OT6opa BH,IlOB, IlOilYJIHUH8 H xapaKTepH­
CTHK nonynHUH8, KOTOp@e, BepOHTHO, npe,IlOCTa­
BHT none3Hble HH,IlHKaTOPbl CBH3aHHb1X C npOMl::ilCnOM 
KpHnH H3MeHeHH8 B ,IlOCTyTIHOCTH aHTapKTH'l:eCKoro 
KpHnH; (b) co6paTb H oueHHTb HMe!OIIIYIDCH HH¢op­
MaUHID no 3KOJIOrHH, ,IleMorpa¢HH H ,IlHHaMHKe aHT­
apKTH'l:eCKHX naCTOHOrHX H MOpCKHX IlTHU ,IlnH TO­
ro,'l:T06bl onpe.uenHTb KaKHe H3M€HHIDmHeCH xapaK­
TepHCTHKH BH,I!OB H nonynHUH8 CMoryT HBHTbCH 
none3HblMH HH,IlHKaTopaMH CBH3aHHblX C npoMblcnoM 
H3MeHeHH0 B ,IlOCTYilHOCTH KpHnH; H (c) no B03-
MO*HOCTH, npe.uno*HTb Te acneKTbl nporpaMM, KQ­
TOpble MoryT 6blTb HnH ,I!O~Hbl 6blTb BBe,IleHbl B 
uen.RX OT6opa H MOHHTOPHHra IlOTeHuHanbHblX KOC­
BeHHb!X H3MeHeHH8 B .IlOCTYilHOCTH aHTapKTHeCKOrO 
KpHnH. 

OrpaHH'l:eHHH 

ITOMHMO MOPCKHX IlTHU H naCTOHOrHX cymecTBYeT 
PH.n rpynn BH,IlOB, KOTOpble cne,ItyeT paccMaTpH­
BaTb KaK B03MO~H@e HH,IlHKaTop@ CBH3aHH@X C 
IIPOMblCnOM H3M€HeHH0 B pacrrpe,ueneHHH, nnoTHOCTH 
H noBe,IleHHH KpHnH. HanpHMep. HeCKOnbKO BH,I!OB 
KHTOB, KOTOpble IlHTaIDTCH KpHneM, B03MO*Ho, 
.RBHTC.R none3H@MH HH,IlHKaTopaMH. TeM *e o6pa-
30M, 0,IlHH HnH 6onee BH,IlOB TpaBOH,llHb!X MoryT 
.RBJIHTbC.R KOHKypeHTaMH KPHnH, KOTOpble MoryT 
OTpearHpOBaTb Ha H3MeHeHHH B KOnH'l:eCTBe KpH­
nH H nocny*aT HX '<YBCTBHTenbHb1MH HH,IlHKaTopa­
MH. B .uaHHOM ,IlOKyMeHTe paccMaTpHBaIDTCH TOnbKO 
MOPCKHe IITHUbl H naCTOHOrHe, IIOCKOnbKY aBTOpbl 
HaH6onee xopomo sHaKOMbl c 3THMH rpynnaMH BH­
.IlOB. 

KpHTepHH oueHKH noTeHUHanbHblX HH,IlHKaTOPOB 

,Il.nH Toro, 'l:T06bl BH.Il HnH nonynHUHH MornH cny­
~HTb 3¢¢eKTHBHb1MH HH,IlHKaTopaMH .Bbl3BaHHb1X npo­
Mb1CnOM H3MeHeHH8 B ,IlOCTYilHOCTH KpHnH, OHH 
.IlOJDICHbl 6blTb xHmHHKaMH, IlHTaIDmHMHCH KpHJieM, 
BXO.IlHTb B nHmeBo8 pe~HM KpHnH HJIH HBJIHTbC.R 
ero KOHKypeHTOM; o6HTaTb B Tex pa8oHax, r,Ite 
Be,IleTC.R IlPOMblCen KpHnH, HnH B6JIH3H TaKHX paA­
OHOB H 6@Tb '<YBCTBHTenbHb!MH B OTHomeHHH H3Me-
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HeHHA B AOCTYilHOCTH KPHnH, HO OTHOCHTenbHO 
HeBOCilPHHM'-lHBblMH HnH BOCilPHHWIHBblMH B npen­
CKa3yeMoA CTeneHH K ecTeCTBeHHblM H3MeHeHHHM 
OKPY*ammeA cpen~. TIOMHMO Toro, OHH non*H~ pe­
arHpOBaTb OTHOCHTenbHO 6~cTpo (TO eCTb He 
non*HO 6~Tb OTCTaBaHHH B HeCKOnhKO neT), npo­
uenypa 06Hapy~eHHH peaKUH8 non*Ha 6~Tb OTHO­
CHTenhHO npOCT08, Henoporo8 H nonycKaTb HC­
nonb30BaHHe KpynHopa3MepH~x npo6, a TaK*e 
non*Ha HMeTbCH aneKBaTHaH HCXOAHaH HH¢OPMa­
UHH HnH B03MO*HOCTb ee OTHOCHTenbHO npocToro 
c6opa. B Hneane c6op naHH~ no~eH npoBOAHTb­
CH BO BpeMH HnH B CBH3H C npo~cnOBb1MH onepa­
UHHMH H/HnH 6eperoBblMH CTaHUHHMH H cynaMH, 
BenymHMH npyrym neHTenbHOCTh, TO eCTb non~­
Ha OTCYTCTBOBaTb HnH HMeTbCH MHHHManbHaH He­
o6xonHMOCTb Hcnonh30BaHHH cneuHanbHO CHapH­
*eHH~ nnH 3Toro cynoB nnH oueHKH H MOHHTO­
PHHra B~6paHH~X nnH H3yqeHHH HHAHKaTOPOB. 

Pa3Mep npo6 

B03MO*HOCTb B~HBneHHH BepOHTH~X peaKUHR Ha 
CBH3aHH~e C npo~cnoM H3MeHeHHH B AOCTYilHOCTH 
KPHnH 6yneT 3aBHCeTh OT TIPHPOA~ H HHTeHCHBHo­
CTH peaKUHH, AOCTOBepHOCTH HCXOAH08 HH¢opMa­
UHH, CTeneHH H3MeHqHBOCTH TOA xapaKTepHCTHKH 
(napaMeTpa), MOHHTOPHHr KOTOpoA npOBOAHTCH, a 
TaK*e OT TOA CTeneHH TOqHOCTH, C KOTOpoR 3Ta 
nepeMeHHaH Mo~eT 6~Th H3MepeHa. BnonHe Bepo­
HTHo, qTo nnH B~HBneHHH H3MeHeHHA C aneKBaT­
HOfi TOqHoCTbID, MO*eT IlOHaA06HTbCH B3HTHe npo6 
6onee KpynHoro pa3Mepa, qeM 3TO 061::J'lHO IlPHHH­
TO npH H3yqeHHH nacTOHOrHX H MOPCKHX IlTHU, a 
TaK*e IlOBTOPHOe HX B3HTHe. 

TioTeHUHanhH~e HHAHKaTOp~ H3 MOPCKHX IlTHU 

BcnencTBHe HX 6onbW08 qHcneHHOCTH, mHpoKoro 
pacnpoCTpaHeHHH, 3aBHCHMOCTH OT KpHnH H no­
CTH*HMOCTH BO BP~MH Ce3oHa pa3MHO*eHHH, IlHH­
rBHH~ A,nenH H qHHCTpan~ MOryT HBHTbCH xopo­
WHMH HHAHKaTopaMH noKanH30BaHH~ HnH perHO­
HanbH~X H3MeHeHHA B AOCTYilHOCTH KpHnH. Pa3-
Mep KOnOHHH, KOnHqeCTBO nTeHUOB B B~BonKe, 
rrponon*HTenbHOCTb BpeMeHH, KOTOpoe POAHTenH 
IlPOBOllHT B IlOHCKaX nHmH, OCTaBnHH IlT€HUOB, 
OTHOCHTenbHOe KOnHqeCTBO KPHnH H npyrHx BHllOB 
B nHmeBOM pe*HMe, 6~CTpoTa onepeHHH, Bee 
nTeHUOB npH onepeHHH H BbDKHBaeMOCTb no B03-
pacTa pa3MHO~eHHH HBnHIDTCH napaMeTpaMH, KO­
TOp~e, npennono*HTenbHO, MOryT H3MeHHTbCH HnH 
H3MeHHTbCH KaK peaKUHH Ha H3MeHeHHH B AOCTyn­
HOCTH KpHnH. H3MeHeHHH B BbDKHBaeMOCTH no Bpe­
MeHH nepBoro pa3MHO~eHHH H pa3Mepe KOnOHHH 
CTaHyT oqeBH,IlHbIMH nHWb no npoweCTBHH HeCKOnb­
KHX neT; H HX B~HBneHHe OKa~eTCH 3aTpynHH­
TenbHb1M, ecnH TOnhKO 3TH H3MeHeHHH H pa3Mep~ 
npo6 He 6YAYT oqeHh BenHKH. H3MeHeHHH BO 
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BP€M€HH KOPM11€HHH, Bee npH onepeHHH H npoqHe 
nono6HH€ H3M€HHIDmHeCH BenHqHH~,6YnYT MeHee 
nonBep~eH~ OTCTaBaHHID BO BpeMeHH, H HX nert1e 
H3MepHTb, qTo nenaeT HX 6onee nonxonffiilHMH no­
TeHuHanbHblMH HHnHKaTopaMH. 

He3aBHCHMO OT B~6opa nepeMeHH~X nnR MOHHTO­
PHHra, HCCnenoBaHHH, BepORTHO, noTpe6yroT 
6onhmHx saTpaT Tpyna, H Hx pasMax 6:r·neT· orpa­
HHqeH, ecnH TOnhKO He 6yneT Bb!pa6oTaHa 5onee 
HnH MeHee aBTOMaTH3HPOBaHHaR CHCTeMa c6opa 
naHHblX. HanpHMep, noTpe6oBanacb 6~ rpynna, 
cocTmrma,r HS .r:tByx-qe'IblpeX HccnenoBaTeneA, npH 
Ka~oA OT06paHH08 KOnOHHH-HHnH~aTope, ecnH 
HCnonh30BaTh TPMHUHOHHHe MeTO'A~ HCcnenoBa­
HHA. TaKHM o6pasoM, Ha paHHHX CTa'AHHX 6yneT 
Heo6xonHMO H3YqHTb H, ecnH B03MO~Ho, ananTH­
poBaTb H HCilOflb30BaTb npH6op~ nHcTaHUHOHHoro 
06Hapy~eHHH H aBTOMaTHqecKoA perHCTpaUHH 
'AnH c6opa naHHHX. 

IloTeHuHanbHHe HHnHKaTOPH H3 naCTOHOrHX 

CpenH meCTH BHnoB naCTOHOrHx, KOTOpNe BCTpe­
qaroTCH B 30He neACTBHH KOHB€HUHH, TPH B 
KaKoA-TO CTeneHH 3aBHCHT OT aHTapKTHqecxoro 
KpHnH. TroneHH-Kpa6oenH IlHTaroTCH B OCHOBHOM 
KpHneM. MopcxHe neonapnH, no xpaAHeA Mepe B 
H€KOTOPHX paAoHax, ITHTaIDTCH KpHneM H RBnHIDT­
CH XHmHHKaMH, IlHTromHMHCH TroneHHMH-Kpa6oenaMH 
H IlHHrBHHaMH A.nenH, KOTOpHe B OCHOBHOM 3aBH­
CHT OT aHTapKTHqecKoro KPHnH. MopCKHe KOTHKH, 
06HTaromHe Ha (O)KHOA reoprHH H B OCTanbHblX paA­
OHax B6nH3H AHTapKTHqecxoro nonyocTpoaa, TaK­
~e nHTaIDTCH KpHneM. 

B qHcno napaMeTpOB, KOTOpHe MoryT H3M€HHTbCH 
B OTB€T Ha H3M€H€HHH B nocTynHOCTH KpHnH, 
BXOAHT: BenHqHHa nonynHUHH, B~HBaeMOCTb ne­
TeHblilleA, HenonoBospenHx H/HnH B3pocnblX oco-
6eA, B03pacT BO BpeMH nepBoro pa3MHO~eHHH, 
pa3Mep HOBOpo~eHHHX oco6eA H CKOpOCTb POCTa, 
HHTepBanH Me~y pa3MHO~eHHHMH H/HnH OTHomeHHe 
Me)K,IJ;y B03paCTOM H cneuH¢HqecKHMH TeM;llaMH pa3-
MHO*eHHH, TonmHHa ITO'AKO*Horo cana, BpeMH, 3a­
HHTOe KOPMTI€HHeM, H OTHOCHTenbHOe KOnHqeCTBO 
OTnHqHHX OT KpHnH BH'AOB B nHmeBOM pe~HMe. 

OueHKa H MOHHTOPHHr 6onbIDHHCTBa ITOT€HUHaJibHblX 
nepeMeHHNX-HH'AHKaTOPOB, ITOMHMO pa3Mepa nony­
nHUHH, MoryT 6HTb npoBeneHH nyTeM nepHO'AHqe­
CKOro c6opa penpe3eHTaTHBHb1X BH60pOK H3 OT06-
paHHb1X pa:A:OHOB. Pa3MepH BH60PKH no~HN 6NTb 
KPYITHb1MH (30-50 oco6eA OT B03paCTHOA rpynrn,1), 
H HHTepBaJI~ MeJK,ny BN6opKaMH no~H~ 6b1Tb ycTa­
HOBneHH TaK, qTo6~ 6blTia yBepeHHOCTb B TOM, 
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qTo OTMeqeHH~e H3MeHeHHH y OTo6paHH~X nepe­
M€HH~X-HHgHKaTOPOB He 6bUIH B~3BaH~ caMli:MH B~-
6opKaMH. 

HeKOTOp~e xapaKTepHCTHKH BHgOB H nonynHUHR 
nHHI'BHHOB H naCTOHOrHx, no BCeR BepOHTHOCTH, 
OTBeqaroT ynoMHHYTblM KPHTepHHM H MoryT cny~HTb 
none3Hb1MH HHgHKaTopaMH KOCBeHHoro BO3neRCTBHH 
npoMblcna KpHnH Ha BHg~, 3aBHCHmHe OT Hero. 
Kax npaBHno npencTaBnHeTCH, qTo xapaxTepHCTH­
KH nonynHUH8, nepeMeHH~e BOCnpOH3BoncTBa H/ 
HnH noKa3aTenH ecTeCTB€HHoro pa3BHTHH 6b1JIH 6~ 
nyqlllliMH HHnHxaTopaMH, qeM onpeneneHHe BenH­
qHH~ nonynHUHH. ITOMHMO 3TOro, npencTaBnHeTCH 
BepoHTHblM, qTO, KaK rrpaBHno, 6ygyT Heo6xonHMbl 
KpynH~e B~6OpKH H, no Mepe BO3MO~HOCTH, cneny­
eT pa3pa6OTaTb H BHegpHTb aBTOMaTHqecxyro CH­
CTeMy c6opa gaHH~X. H, HaKOHeu, HMeromaHCH B 
HaCTOHmee BP€MH HH¢opMaUHH B OCHOBHOM HenocTa­
TQqHa, qTo6~ npenocTaBHTb OCHOBy nnH B~HBneHHH 
CBH3aHH~X C npoMblcnoM H3MeHeHH8 y OTO6paHH~ 
HHnHKaTopoB, H pa3pa6OTKa 6a3~ HCXOgHO8 HH­
¢opMaUHH non~Ha 6~Tb npennpHHHTa B cpoqHoM 
IlOPMKe. 06ecneqeHHe OCHOB~ nnH oueHKH BO3MO~­
H~X npHqHHHo-cnenCTB€HH~X CBH3e8, c6op nocTo­
BepHoR HH¢opMaUHH o npHpone, pa8oHax H BenH­
qHHe npoMblcna KpHnH non~H~ 6~Tb cnenaH~ cpoq­
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 antartico, Euphausia superba, es el herbivore 
dominante en la cadena tr6fica marina antartica y un 
componente principal de las dietas de los rorcuales 
comunes, ballenas azules, jorobadas y enanas; focas 
cangrejeras y focas peleteras antarticas; pinguinos 
Adelie, 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 nose desarrolla y adrninistra en forma adecuada, 
la pesca de E. superba podria afectar a muchas 
especies dependientes ya la estructura basica ya 
la dinarnica de la cadena tr6fica marina antartica, 
como asi tambien a la distribuci6n, abundancia o 
productividad del mismo krill. 
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La Convenci6n sobre la Conservaci6n de los Recurses 
Vivos Marinos Ant.articos (CCAMLR) requiere que la 
recolecci6n de recursos vivos marinos en el Oceano 
Austral se efectue en forma tal que se mantengan las 
relaciones ecol6gicas entre los recursos vivos 
marinos recolectados dependientes, y las poblaciones 
correspondientes, como asi tambien que se evite el 
agotamiento de las especies recolectadas. Sin 
-embargo, seria de. W1 cos to prohibi tivo, si no 
imposible ., evaluar y controlar cada especie y 
poblaci6n que indirectamente pudiera verse afectada 
por la pesca de krill, Por consiguiente, esto 
significa que una de las tareas del Comite 
Cientifico establecido por CCAMLR, sera determinar 
y disenar programas para controlar aquellas especies, 
poblaciones, o caracteristicas de poblaciones que con 
mayor probabilidad se veran afectadas, en formas 
detectables, por la explotaci6n de E. superba. 

Los objetivos de este proyecto eran: (al desarrollar 
criterios para seleccionar especies, poblaciones y 
caracteristicas de poblaciones que posiblemente 
proporcionasen indicadores utiles de cambios 
relacionados con la recolecci6n en la disponibilidad 
de krill antartico; (bl recopilar y evaluar informaci6n 
de facil disponibilidad con respecto a la ecologia, 
demografia y dinamica de los pinnipedos y aves marinas 
antarticos, a fin de poder determinar si algunas 
especies y variables de la poblaci6n pudiesen servir 
como indicadores utiles de cambios relacionados con 
la recolecci6n en la disponibilidad del krill y cuales 
serian estas especies; y (cl en lo posible, sugerir 
aspectos de programas que podrian o deberian ser 
iniciados a fin de seleccionar y controlar los 
posibles indicadores indirectos de cambios relacionados 
con la recolecci6n en la disponibilidad del krill 
antartico. 

Limitaciones 

Hay una serie de grupos de especies, ademas de las 
aves marinas y los pinnipedos, que deberian ser 
considerados como posibles indicadores de cambios 
ocasionados por la recolecci6n en la distribuci6n, 
densidad o comportamiento del krill. Varias especies 
de cetaceos, por ejemplo, se alimentan de krill 
antartico y posiblemente podrian ser indicadores 
utiles. En forma similar, es posible que W1a o mas 
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 estos son los grupos de especies con los cuales 
los autores est.an mas familiarizados. 
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Criterios para la Evaluaci6n de Posibles Indicadores 

Para poder actuar como indicadores efectivos de cambios 
causados por la recolecci6n en la disponibilidad_ del 
krill, las especies o poblaciones indicadoras deben ser 
depredadores, presa o competidores del krill antartico; 
deben encontrarse en, o cerca de, las areas en las cuales 
se esta pescando krill; y deberan ser susceptibles a 
los carnbios en la disponibilidad del krill, pero 
relativarnente indiferentes o responder de manera 
previsible a las fluctuaciones ambientales naturales. 
Adicionalmente, las respuestas deberian ser 
relativamente rapidas (es decir, no estar sujetas 
a retrasos de varies afios); la detecci6n de respuestas 
deberia ser simple, de bajo costo, y permitir muestras 
de gran tamafio: y deberfa ya existir una informaci6n 
basica adecuada o deberia ser relativamente simple 
de recopilar. Idealmente, la recopilaci6n de datos 
deberia efectuarse durante, o en conjunto con las 
operaciones de pesca y/o desde las estaciones 
costeras o desde ernbarcaciones dedicadas a otras 
actividades - es decir, idealmente habria poca o 
ninguna necesidad de ernbarcaciones especializadas 
para efectuar evaluaciones y control de indicadores 
seleccionados. 

Tamafios de las muestras 

La capacidad de detectar posibles respuestas a los 
carnbios causados por la recolecci6n en la disponibilidad 
del krill dependera de la naturaleza y la magnitud 
de la respuesta, la fiabilidad de la informaci6n 
basica, la variabilidad de las caracteristicas 
(pararnetros) que se estan controlando, y la precisi6n 
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 acosturnbrado, 
asi como tarnbien realizar muestreos repetidamente, 
a fin de poder detectar cambios con adecuada 
susceptibilidad. 

Posibles Indicadores de Aves Marinas 

Debido a su gran nfunero, amplia distribuci6n, 
dependencia del krill, y accesibilidad durante la 
epoca de reproducci6n, los pinguinos Adelie y 
Pygoscelis antarctica pueden ser potencialmente, 
buenos indicadores de los cambios localizados o 
regionales en la disponibilidad del krill. Los 
parametros que probablemente podrian carnbiar o 
cambiarian en respuesta a la disponibilidad del krill 
incluyen: el tamafio de la colonia, tamafio de la nidada, 
tiempo que los padres pasan alejados de sus polluelos 
en busca de· alimentos, cantidad relativa de krill y 
otras especies en la dieta, exito de la cria, peso 
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de los polluelos durante la muda y supervivencia 
hasta la edad de reproducci6n. Los cambios en la 
supervivencia a la edad de la primera reproducci6n 
yen el tamano de la colonia tomarian varios anos en 
manifestarse y. serian dificiles de detectar a rnenos 
que los cambios y/o los tamanos de las muestras 
fuesen muy grandes·. Los cambios en el tiempo 
empleado en la alimentaci6n, peso de los polluelos 
y otras variables similares estarian menos sujetas 
a retrasos y serian mas faciles de medir, 
convirtiendolas en mejores opciones de posibles 
indicadores. 

Cualquiera que sean las variables seleccionadas para. el 
control, los estudios requeriran probablemente una 
ardua labor y estaran limitados en su alcance, a menos 
que pueda establecerse algun sistema de recopilaci6n 
de datos mas o menos automatico. Se necesitaria un 
equipo de dos a cuatro investigadores, por ejemplo, 
en cada colonia indicadora seleccionada, si se fueran 
a usar tecnicas tradicionales de estudio. Por lo 
tanto, durante la etapa inicial, sera necesario 
investigar y, en lo posible, adaptar y usar control 
a distancia y registros automaticos para la 
recopilaci6n de datos. 

Posibles Indicadores Pinnipedos 

De las seis especies de pinnipedos que se encuentran en 
el area de la Convenci6n, tres dependen, hasta cierto 
punto, del krill antartico. La foca cangrejera se 
elimenta mas o menos exclusivamente de krill. Hydrurga 
leptonyx come krill, por lo menos en algunas areas, y 
depreda focas cangrejeras y pinguinos Adelie, los cuales 
a su vez dependen primordialmente del krill antartico. 
Las focas peleteras de Georgia del Sur y otros lugares 
en las vecindades de la Peninsula Antartica tambien 
se a_limentan de krill. 

Los parametros que pcdrian variar en respuesta a los 
cambios en la disponibilidad del krill incluyen: tamafio 
de la poblaci6n, supervivencia de cachorros, j6venes 
y/o adultos; edad al momento de la primera reproducci6n; 
tamano al nacer y tasa de crecimiento; intervalo entre 
pariciones y/o ·tasas de reproducci6n segun edad y 
especie; grosor de grasa; tiempo empleado en alimentarse; 
y proporci6n de especies ademas del krill, que sirven 
de alimento. 

La mayoria de las variables del posible indicador, 
aparte del tamano de la poblaci6n, podrian evaluarse y 
controlarse recopilando peri6dicamente muestras 
representativas de animales de areas seleccionadas. 
Los tamafios de las muestras serian necesariamente 
grandes (30 a 50 individuos por clase de edad) y los 
intervalos de muestras tendrian que ser seleccionados 
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de manera que aseguren que cualquier cambio 
observado en las variables del indicador 
seleccionado no fuera causado por el muestreo. 

Conclusiones 

Varias especies y caracteristicas de las poblaciones 
de pinguinos y pinnipedos parecen cumplir con los 
criterios descritos y posiblernente podrian servir 
como indicadores utiles de los efectos indirectos 
de la pesca de krill en las especies dependientes 
del krill. Como regla general, parece que las 
caracteristicas de la poblaci6n, las variables de 
reproducci6n, y/o las tasas vitales seran mejores 
indicadores que el recuento de poblaciones. Parece 
tambien, por regla general, que se requeriran 
muestras de gran tamafio y que, en lo posible, se 
deberian desarrollar y usar sistemas de registro 
autornatico para la recopilaci6n de datos. 
Finalmente, la inforrnaci6n actualmente disponible 
es en general inadecuada para proporcionar una base 
para la detecci6n de cambios relacionados con la 
recolecci6n en indicadores seleccionados y se 
deberia emprender el desarrollo de pautas basicas 
como una cuesti6n de prioridad. Asimismo deberfa 
darse prioridad a la recopilaci6n de informaci6n 
fidedigna con respecto a la naturaleza, ubicaci6n 
y extensi6n de la recolecci6n de krill, para que 
sirva de base en la evaluaci6n 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 theit 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, th~t 

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 

abuiiciance", to indicate tha-t predators could be affected by cha.ages in 

krill distribution or behaviour as well as by changes in krill abundance or 

density. 

OBJECTIVES 

The project objectives were to 

I 

i 
I 
i 

I 
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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 v_ariable, 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) observations 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, if 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 detected, 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 is 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 probiem 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 O.S kg between means clearly is reasonable. Although standard 

deviations were not reported along with means, apparent di_fferences 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 SO first and SO 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 observatipns in time and space. 

Literature reports of Adelie penguin _chick fledging weight lack 

multiple obser_vations 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 fo~ 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 on 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 adequate 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 natural variation in 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. 
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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 

Of 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 f i shing 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 have 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 l i kely 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 wei_ght 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 

limit 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 s tati.ons 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 i.s 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 to.gether 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 in 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 sensors 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 is 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 



- 325 -

is possible that cohorts born long before collections were made would 

appear to have older· average ages at maturity than cohorts born shortly 

before collections were made, even though no change in 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 t .oo 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. 

1. 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 

sizes customary in previous Antarctic research, and possible to 



- 327 -

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, 

2. Possible indicator variables from other groups should be evaluated on 

the basis of ecology, comparability, and feasibility of collection and 

interpretation. 

3. 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. 

4. Data which allow early detection of changes in potential indicator 

variables have not been collected under research strategies customary 

in past Antarctic 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. 

S. 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. 

6. 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 vari~bles and for developing an 

information base for predicting impacts of krill harvesting on 



- 328 -

non-target species. An experimental approach to fishery development 

would enhance investigation of the relationships between harvesting and 

non-target population responses. 

7. 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. 

8. 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=l00 d 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. Paired numbers indicate mean weights for the first, 
then the second, chick in a nest. Single values lump all chicks. Sample sizes in parentheses. 

Geographic Area 

South 0rkneys, 
Signy Island 

South Shetlands, 
King George Is. 

Ross Sea, Ross Is., 
Cap Crozier 

Cape Royds 

Adelie Land 

early 1950's 

3.6 kg 
(?) 

(Sladen, 1958) 

2.3 kg 
(2) 

(Sapin-Jaloustre, 
1955) 

1959/60 

4 kg, 3.7 kg 
(113) 

(Taylor & Roberta, 
1962) 

Time 

1969/70 

3.3 kg, 3.1 kg 
(87) 

(Ainley & Schlatter, 
1972) 

1977 /78 

3.9 kg 
. (47) 

(Volkman & Trivel­
piece, 1980) 

w 
w 
U'I 
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Table 3, 

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

1. Weddell Seal (Leptonychotes weddelli) 

Location 

60°43'S 45°36'W 
Signy Island 

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

McMurdo Sound 
n°5o 's 166°40'E 

Dates 

1952-1953 
1970's-1981 

1976, 77 
Some effort 
78-81 

1964-1983 

Investigators 

A; Mansfield , 
(1952-53) 

J. Croxall, 
(1970-1980) 

A. Cornet and 
P, Jouventin 

c. Ray, 
I. Stirling, 
D. Siniff, 
R. Hofman, 
D. DeMaster 
J. Thomas & 
w. Testa 

2, Crabeater seal (Lobodon carcinophagus) 

Location Dates Investigators 

Bai of Whales 1934 A. Lindsey 
78 S 164°W 

Marguerite Bay 1934-1937 G,C.L. Bertram 
68°00S 69°00W 

Pack ice: 60°s, 1964 T. Oritsland 
40-55°E 

Marguerite Bay 1966-1973 R.M. Laws 
68°00S 69°00W 

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 iD1111atures. 

Data 

Collection immatures, 
adult males and females 
(n=6l)(American Museum 
of Natural History). 

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

Collection, 132 females 
86 males. 

Age of maturity from 
back calculations 
(45l=n) (Males and 
females). 



Location 

Bransfield Strait 

West side Antarctic 
Peninsula 

Dates 

1977 

1982 
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Investigators 

J. Bengtson, 
D. Siniff 

J. Bengtson 
(not published) 

3. Leopard seal (Hydrurga leptonyx) 

Location 

Heard Island 
Macquarie Island 
S. Orkneys 
s. Geogria 

Pack ice; 60°; 
40-55°E 

Antarctic 
Peninsula 

Antarctic 
Peninsula 

Dates 

1939-1951 

1964 

1981-1982 

1982 

4. Ross seal (Ommatophoca rossi) 

Investigators 

R.M. Laws 

T. Oritsland 

S. Stone & 
D. Siniff 
(unpublished) 

J. Bengtson 
( unpublished) 

Data 

Collection of female 
seals, age of maturity 
(n=94). 

Collection, mostly 
adults, some immatures 
(n=around 500). 

Data 

Collection: pooled 
samples. 39 males and 
females 

Collection; 33 males, 
51 females. 

Collection of mostly 
females (n=30) 

Collection males and 
females 

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 

Signy Island 
60 43 1 S 45°36'W 

Macquarie Island 
53°s 160°E 

Dates Investigators 

1948-1950 R.M. Laws 

1960-1962 R. Carrick 

Data 

Collections, 
Population estimates 
vital rates. Social 
organization. 

Social organization. 
Population estimates 
vital rates. 
Collections. 



Location 

Marion Island 
46°38'S 37°45'E 

South Georgia 
54°S 36°W 

Dates 

1974-1976 
(probably 
continuing) 

1977-1982 

- 338 -

Investigators 

P.R. Condy 

T.S. Mccann 

6. Southern fur seal (Arctoce phalus sp.) 

Location Dates Investigators 

Prince Edward Island 1952-1977 P.R. Condy 
46°40'S 37°SO'E (intermittent) 

South Georgia 
S4°S 38°W 

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. 



Table l. 

Table 2. 

Table 3. 

Tableau 1. 

Tableau 2. 

Tableau 3. 
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Approximate sample sizes required to detect indicated 
differences in means given indicated variance, with a 
confidence level of O. 90 _ (calculations based on Steel 
and Torrie, 1980, equation 9.18, page · 232). 

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. 

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

Tailles approximatives des echantillons necessaires a la 
detection des differences indiquees dans les moyennes 
arithmetiques selon les variances indiquees, avec un 
indice de fidelite de 0.90 (calculs bases sur Steel et 
Torrie, 1980, equation 9.18, page 232). 

Poids des jeunes manchots Adelie emancipes. Les chiffres 
accouples indiquent les poids moyens du premier, puis du 
second petit dans un nid. Les chiffres simples comprennent 
tousles petits. Les tailles des echantillons sent indiquees 
entre parentheses. 

Lieux, dates et donnees recueillies pour les etudes sur les 
pinnipedes de l'Antarctique. 

Ta6nHua l. IlpH6nH3HTenbHN8 pa3Mep npo6, Heo6xonHMbl8 ,IlJ'IR 
BNRBneHHR YKa3aHH08 pa3HOCTH B cpenHHX BenHqH­
Hax npH yKa3aHHOM OTKnOHeHHH; CTeneHb TQqHOCTH 
0,90 (Bbl'IHCneHHR OCHOBaH~ Ha CTHn H ToppH, 
1980 r., ypaBHeHHe 9.18, CTpaHHUa 232). 

Ta6nHua 2. Bee onepHBmeroc~ nTeHua nHHrBHHa A,nenH. IlapH~e 
UH~P~ yKa3~BawT Ha cpenHHA Bee nepBoro, saTeM 
BToporo nTeHua B rHe3ne. OnHHoqH~e UH~p~ BKnw­
qawT BCex nTeHUOB. B CK06KaX - pa3Mep npo6~. 

Ta6nHua 3. PaAoH~, naT~ H naHH~e, coopaHHNe nnR H3yqeHHR 
naCTOHOrHx AHTapKTHKH. 

Cuadro 1. 

Cuadro 2. 

Cuadro 3. 

Tamapos aproximados de muestras que se necesitan para 
detectar las diferencias indicadas en medics tomando las 
variantes indicadas, con un nivel de seguridad de 0.90 
Clos c4lculos est4n basados en Steely Torrie, 1980, 
ecuaci6n 9.18, p4gina 232). 

Pesos de los polluelos emplumados de pinguinos Adelie. 
El par de nu.meres indican los pesos medios del primer 
y luego del segundo polluelo en el nido. Las cifras 
\1nicas agrupan a todos los polluelos. Los _tamafios de 
las muestras aparecen en parentesis. 

Lugares, fecha y datos recopilados para estudios sobre 
los Pinnipedos Ant4rticos. 






