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MONITORING INDICATORS OF POSSIBLE ECOLOGICAL CHANGES IN THE ANTARCTIC MARINE 
ECOSYSTEM 

Abstract 

Fisheries assessment; directed ecological studies and 
ecological monitoring are necessary to provide the 
information required for ecosystem management. Monitoring 
of indicator species to indirectly detect ecological 
trends in the Antarctic marine ecosystem is proposed. The 
most suitable indicator species for the Antarctic ecosystem 
are krill predators. Crabeater seals, Antarctic fur seals, 
chinstrap and Adelie penguins appear to have characteristics 
which offer the greatest potential as possible indicators 
of krill harvest-related changes in the ecosystem. 

The paper briefly reviews the history and present status 
of Antartic fisheries. To introduce the topic of the 
potential effects of harvest-related perturbations, some 
hypothetical impacts of past and future fisheries are 
presented. A section on the design of Antarctic monitoring 
programs discusses variation in the ecosystem, the detection 
of changes, the selection of indicator species, experimental 
design, and the application of various technologies to 
ecological monitoring. 

INDICES DE CONTROLE DES CHANGEMENTS ECOLOGIQUES POSSIBLES DANS L'ECOSYSTEME 
MARIN DE L'ANTARCTIQUE 

Resume 

L'estimation des pecheries, les etudes ecologiques 
dirigees et le controle ecologique permettent d'apporter 
les renseignements necessaires a l'amenagement de 
l' ecosysteme. I 1 est propose de c.ontroler les especes 
indicatrices afin de detecter de fa9on indirecte les 
tendances ecologiques dans l'ecosysteme marin de 
l'Antarctique. Les espe ces indicatrices les plus 
appropriees pour l'ecosysteme de l'Antarctique sont 
les predateurs du krill. Les phoques crabiers, 
les phoques a fourrure de l'A.~tarctique, les manchots 
a jugulaire et les manchots Adelie semblent pre senter 
des caracteristiques qui en font les meilleurs 
indicateurs eventuels de changements dans la 
population de krill survenant dans f• ecosysteme et 
lies a l'exploitation. 

Le document examine brievement l'histoire et l'etat 
actuel de la peche en .Antarctiq\.:e. Pour aborder la 
question des effets potentiels des perturbations 
liees a la capture, sont presen tees des hypotheses 
sur les repercussions de la peche dans le passe et a 
l'avenir. Une section sur le format des programmes 
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de controle dans l'Antarctique traite des variations dans 
l'ecosysteme, de la detection des changements, de la 
selection des e speces indicatri ces, d ' un format 
experime ntal, et de l'application de diverses technologies 
au controle ecologique. 

IlPOrPM1.Mbl MOHHTOPl1HrA 11H,Ul1KATOPOB B03MOlKHbiX 3KOJ10rW-IECKl1X 113ME
HEHl1A MOPCKOA 3KOCHCTEMhl AHTAPKTHKl1 

Pe3IOMe 

OueHKa npOMblCJ10BblX yqacTKOB, HanpaBneHH~e 3KOJ10rH
qecKHe HccnenoBaHHH H 3KOnorHqecKHfi MOHHTOpHHr 
HMe!OT 6onbWOe 3HaqeHHe nnH npenocTaBneHHH HH¢OpMa
UHH, Heo6xonHMOfi npH rron~TKaX yrrpaBneHHH 3KOCHCTe
MOH. IlpennaraeTCH rrpoBOUHTb MOHHTOpHHr BHnoB-HHUH
KaTOPOB nnH Toro, qTo6~ KOCBeHHbIM rryTeM B~HBHTh 
HarrpaBneHHH 3KOJ10rHqecKoro pa3BHTHH MOPCKOH 
3KOCHCTelVlbl AHTapKTHKH. HaH6onee rro;:i;xonHII\HMH 
BHnaMH-HHllHKaTopaMH B aHTapKTHqecKOH 3KOCHCTeMe 
HBJ1H!OTCH XHII\HHKH, nHTa!OII\H€CH KPHJ1eM. T!OJ1€HH-Kpa6o
en~, aHTapKTHqecKHe MOPCKHe KOTHKH, ITHHrBHH~ qHH
CTparr H A.uenH, 1<a3anocb 6~, 06nana10T xapaKTepH
CTHKaMH, KOTOp~e, B03MO~HO, CMOrJ1H 6~ nocny~HTh 
HaHnyqrnHMH HHnHKaTopaMH CBH3aHH~X C rrpOMblCJ10M KpH
J1H H3MeHeHHH B 3KOCHCTeMe. 

B noKnane KpaTKO OITHCaH~ HCTOPHH H coapeMeHHOe co
CTOHHHe aHTaPKTHqecKoro rrpoMblcna. IlpennonaraeMoe 
Bo3neficTBHe npoMblcna B rrpolllJ1oM H B 6yny~eM rrpen
cTaBneH~ B uenHx BBeneHHH npo6ne1Vlbl B03MO~Horo B03-
neficTBHH 3HaqHT€J1hH~X H3MeHeHHfi, CBH3aHH~X C npo-
1VlblCJ10M. B pa3nene ITO pa3pa60TKe nporpaMM MOHHTQ
PHHra B AHTapKTHKe paccMaTpHBaeTCH H3MeHqHBOCTb 
3KOCHCTeMbl, B~HBJ1eHHe H3MeHeHH8, B~6op BHnOB-HHUH
KaTOPOB, 3KCITepHMeHTaJ1hHOe MOnenHp oBaHHe H ITPHMe
HeHHe pa3nHqH~X MeTonoB 3KOnorHqecKoro MOHHTOPHH
ra. 
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CONTROL DE LOS INDICADORES DE LOS POSIBLES CAMBIOS ECOLOGICOS EN EL ECOSISTEMA 
MARINO ANTARTICO 

Resumen 

La evaluaci6n de la pesqueria, los es~udios ecol6gicos 
dirigidos y el control ecol6gico son necesarios para 
proporcionar la informaci6n necesaria para la ad.ministra
ci6n del ecosistema. Se propone efectuar un control de 
las especies indicadoras para detectar indirectamente 
las tendencias ecol6gicas en el ecosistema marino 
antartico. Las especies indicadoras mas adecuadas del 
ecosistema antartico son los depredadores de krill. 
Pa·rece ser que las focas cangrejeras, las focas peleteras 
antarticas, y los pinguinos Pygoscelis antarctica y Adelie, 
tienen caracteristicas que los convierte en posibles 
indicadores de los cambios relacionados con la 
recolecci6n del krill en el ecosistema. 

El documento revisa brevemente la historia y estado 
actual de la pesqueria antartica. Se indican ciertos 
impactos hipoteticos de pesca pasada y futura a modo 
de introducci6n del tema sobre los posibles efectos 
de las perturbaciones relacionadas con la recolecci6n. 
Una secci6n sobre el disefio de programas de control 
antartico trata sobre la variaci6n en el ecosistema, 
la detecci6n de cambios, la selecci6n de las especies 
indicadoras, el disefio experimental y la aplicaci6n 
de varias tecnologias en el control ecol6gico. 
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Section Qnil INTRODUCTION 

LIVING RESOURCES CONVENTION 

The Convention on the Conservation of Antarctic Marine 
Living Resources (CCAMLR) recognizes that harvesting living 
resources could affect the structure and productivity of the 
Antarctic marine ecosystem. The Convention therefore 
requires that fisheries in the Convention Area (Fig. 1) be 
conducted so as to maintain the ecological relationships 
between harvested, dependent, and related populations of 
Antarctic marine fauna. The "minerals regime• currently 
being negotiated by the Antarctic Treaty Consultative Parties 
may, if successfully agreed, include comparable provisions 
for conservation of the Antarctic marine ecosystem. 

Neither past nor present research in the Southern Ocean 
is adequate to provide all of the data needed to reliably 
predict the potential ecological effects of fisheries and 
mineral resource exploitation. Moreover, it would be 
prohibitively costly, if not impossible, to assess and 
monitor individually each species and population that might 
be affected directly or indirectly by resource exploitation 
activities. Therefore, effective implementation of the 
provisions of CCAMLR will depend upon the development of 
programs to assess and monitor selected species or 
populations likely to be most sensitive to human activities, 

DATA REQUIREMENTS TO SUPPORT CCAMLR 

CCAMLR requires the management of fisheries and 
conservation of Antarctic marine living resources through an 
"ecosystem perspective". Target species, such as Antarctic 
krill (throughout this paper, the term "krill" refers to 
Antarctic krill, Euphausia superba, unless otherwise stated), 
as well as other ecosystem components must be considered. 
Just as the presence of any natural predator has some impact 
on the other components of the marine community, so also will 
commercial harvests of krill and finfish have effects on 
other community components. It is therefore important to 
frame management questions not only in terms of appropriate 
harvest levels before impacts would occur, but also in terms 
of acceptable levels of impact given agreed conservation 
principles. Within this context, three interrelated areas 
will provide information required for management: 

1) Fisheries assessment 
2) Directed ecological studies 
3) Ecological monitoring 
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Fig. 1. Geographical boundaries of the area addressed under the 
Convention on the Conservation of Antarctic Marine Living Resources 
(solid dark line indicates Convention boundary. dotted light line 
indicates approximate location of Antarctic Convergence). 

__ ._,,,...1 __ .. 

' --'··-- · -- -·- ··--
1 
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These three areas complement each other, and none should 
be pursued exclusively. Application of modern fisheries 
assessment techniques will serve as a starting point for 
fisheries/ecosystem conservation efforts in Antarctic waters. 
Directed ecological studies, including deliberate 
perturbation experiments, will be required to improve 
understanding of ecosystem structures and dynamics. 
Similarly, ecological monitoring studies will be required to 
detect changes and trends within and between key compenents 
of the marine community. When jointly pursued, efforts in 
these three areas would provide the data required for sound 
management of the Antarctic marine ecosystem. 

Fisheries Assessment 

Detailed data on fisheries activities and catch 
characteristics will be an important element of a 
comprehensive conservation strategy. In addition to 
providing the basis for assessing the status of harvested 
stocks, data about fishing effort, fishing locations, catch 
level, and by-catch composition will be necessary to 
interpret data from indirect assessment efforts (i.e., 
ecological monitoring of indicator species). 

Eco l og ica l Studi~s 

Understanding the structure and function of the 
Antarctic marine ecosystem is fundamental to management 
needs. Ecological investigations should include system-wide 
studies as well as studies that address specific data needs 
targeted by management questions. 

The BIOMASS (Biological Investigations of Marine 
Antarctic Systems and Stocks) program, and its broad goals as 
initially defined (SCAR/SCOR, 1977), should be supported 
to increase our general understanding of the ecosystem. The 
BIOMASS program, however, in focusing its attention on its 
two oceanographic experiments, FIBEX and SIBEX, has addressed 
only a subset of its original goals. Pack ice, shore-based, 
and process-related studies have not been satisfactorily 
incorporated into the mainstream of BIOMASS. For example, 
more attention needs to be given to predators of krill (wtale 
and seal studies were not a part of FIBEX and SIBEX except 
for incidental whale sightings). 

Studies conducted in pack ice and at shore-based sites 
will provide important data relative to management needs and 
ecosystem processes. The AMERIEZ (Antarctic Marine Ecosystan 
Research at the Ice Edge Zone) program being conducted by the 
U.S. is addressing some of these needs, although gaps remain 
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in areas being investigated. For example, process-related 
studies, such as those on predation, have represented only a 
small portion of the project's initial, pilot-level focus. 
Presumably, in the next stage of investigation, studies of 
predation coupled £0 othe~s on production will be given 
higher priority, In particular, the role of predators such 
as the crabeater seal (perhaps the principal predator of 
krill), and their strategies for dealing with seasonally 
changing abundances of krill needs further attention. 
Seabird and land-breeding seal studies at shore stations 
represent another valuable approach to obtaining detailed 
ecological information. Priority research topics should be 
identified for specific areas where critical information is 
missing: · 

1) Stock identification and abundance 
2) Distribution and movements 
3) Feeding ecology 
4) Population dynamics 

Ecological Monitoring 

A basic challenge of the ecosystem approach to managing 
and conserving Antarttic m~rine living resources is obtaini~ 
ccirrent information on thanges and trends within the system. 
Methods must be found whereby possible changes in the status 
of various components of the marine community can be detected 
and taken into account in managem~nt plans. However, the 
feasibility of simultaneously attempting to directly assess 
and monitor the abundance and status of harvested and 
dependent species is questionable. Even the independent, 
direct assessment of some harvested stocks, such as krill, 
presents some difficult challenges. Estimating the abundance 
of krill is difficult because: 1) they are distributed over a 
very large area, presenting a logistic problem; 2) their vecy 
patchy distribution creates a sampling problem, e.g., how 
accurately can estimates of local abundance be interpolated 
over large areas?; 3) their swarming behavior complicates 
abundance estimates because of differences in density within 
and between krill swarms, and the presence of non-swarming 
krill further confounds estimates; and 4) there is a limited 
understanding of the physical and biological factors 
affecting krill population dynamics. Given these and other 
difficulties, the use of indicator species has been suggested 
as a method to indirectly monitor ecological interactions. 

Indicator species can be used to monitor the .ecological 
status of populations or communities if selected variables 
respond in predictable ways to environmental changes. 
Parameters may respond to changes in general physical 
environmental conditions such as water quality and ice 
characteristics, or in response to density-dependent factors 
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such as prey abundance and suitable habitat availability, 
Ecological habitats have been monitored by a variety of 
faunal indicator species including fish (Hocutt and Stauffer, 
1980) and birds (Crawford and Shelton, 1978; Anderson et al,, 
1980), Indicator species can usefully monitor biological 
systems both at the individual and community levels (Cairns 
and Dickson, 1980), 

One advantage of using indicator species and monitoring 
programs is that they can incorporate testable hypotheses, 
allowing evaluation of systems within time and spatial 
perspectives (Richkus, 1980), For example, one can ask the 
question, has the community or local population changed since 
a known perturbation? To answer such a question, it is 
important that spatial and temporal controls be designed into 
monitoring experiments (Green, 1978), For suitable controls, 
it is essential that multiple sampling sites be established 
both inside and outside areas where perturbations are 
expected to occur, It is also important to know the 
characteristics of the system prior to the perturbation. 

The idea of using indicator variables in selected 
species to characterize changes in ecosystems is not new, 
Eberhardt (1977a) and Eberhardt and Siniff (1977), 
acknowledging the inherent problems of approaching management 
questions at an ecosystem level, proposed the use of various 
indices to assess the status of populations within 
communities. Fowler (1980) and Hanks (1981) reviewed the use 
of population indices with respect to large mammals. Such 
indices have been used more often as management plans 
increasingly include the ecosystem approach suggested by Holt 
and Talbot (1978). 

REPORT OBJECTIVES 

In order for the information needs of the CCAMLR 
Commission and its Scientific Committee to be met 
effectively, new assessment and monitoring programs must be 
developed. The main objective of this report is to 
encourage discussion and to facilitate development of such 
programs by outlining selected methods for obtaining data 
required for sound management. In particular, the use of 
ecological monitoring programs to assist management efforts 
is encouraged, 

This paper briefly reviews the history and present 
status of Antarctic fisheries, To introduce the topic of the 
potential effects of harvest-related perturbations, some 
hypothetical impacts of past and future fisheries are 
presented. Selected studies involving indicator species are 
also outlined as examples of how such an approach can be 
useful in monitoring changes within marine food webs, The 
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section on designing Antarctic monitoring programs discusses 
variation in the ecosystem, detection of changes in ecosystem 
trends, the selection of indicator species, experimental 
design, and methods and technology. 
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Section~ BACKGROUND 

ANTARCTIC FISHERIES 

A principal motivation for the development of CCA.MLR was 
the increasing interest in exploiting Antarctic living 
resources. It is useful, therefore, to briefly review these 
fisheries and their development. 

seals and Whales 

Early in the 19th century, Antarctic fur seals 
(Arctocephalus gazella) and sub-Antarctic fur seals (A. 
tropicalis) were decimated by unregulated sealing 
(Stonehouse, 1972). The excesses of those harvests led to 
the collapse of the Antarctic fur seal stocks and the 
industry (Bonner and Laws, 1964; Bonner, 1968). 

During the past century, overexploitation of most 
Antarctic whale species by commercial whaling led to a 
dramatic decline in these stocks (Gulland, 1976; Laws, 1977b; 
Allen, 1980; Tonnessen and Johnsen, 1982). Whalers switched 
from one species to another as stocks were depleted; only 
minke whales (Balaenoptera acuto r ostrata) are now harvested. 
Barring unforseen developments, a proposed moratorium on 
whaling may take effect in the 1985/86 season, suspending 
further Antarctic whaling. 

ti.s.11 

Major fisheries for Antarctic finfish have been underway 
for several decades. The fisheries catch statistics for the 
years 1970-1980, as reported to the Food and Agricultural 
Organization (FAO) (Appendix 1), indicate that several fish 
species have been heavily harvested. Also clear from these 
figures is the significant change in the size of the catch 
for different species over the period of exploitation. 

Gulland (1983) noted the large discrepancy between the 
early and recent catch figures for Notothenia rossii. This 
species was subjected to heavy fishing pressure in the 
1969/70 season (over 400,000 tons*), but the rate rapidly 
declined throughout the 1970's to about 10 to 15% of previous 
levels. Similarly, Champsocephalus gunnari may have been 
overfished. This experience suggests that fish stocks in 

* Throughout this paper, the term wtons• refers to metric 
tons unless stated otherwise. 
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Table 1. Annual catches of Antarctic krill clJring early ~velopnent of the 
fishery. Sorre reported catch levels ch not correspmd to catches later 
reported to FAO (see Table 2). (After Eddie, 1977; Everson, 1978). 

Season Nation Catch 
units 

61-62 USSR 
63-64 USSR 
64-65 USSR 
66-67 USSR 
67-68 USSR 
69-70 USSR 
70-71 USSR 
71-72 USSR 

72- 73 USSR 
Japa'l 

73- 74 USSR 
Japan 

74- 75 USSR 
Japan 
Chile 

4 
70 

306 
? 

140 
100 

1300 
2100 

7400 
59 

4412 
643 

6965 
26QQb 

BJ 

75- 76 USSR 6309 
Japan 5QQQC 
FRG 200 

Poland 575 
Chile ? 
Taiwcrr ? 

76- 77 USSR 
Poland 
Japan 
Taiwan 

GCR 
Taiwari 
Chile 
Norway 

? 
3000Qe 
12000 

130 

? 
130 
? 
? 

1-tltes 

Krill 
Krill 
Krill 
Krill 
Krill 
UMC 
LMC 
UMC 

LMC 
Krill 

LMC 
Krill 

LMC 
Krill 
Krill 

l.J.1C 
Krill 
Krill 

Kr ill 

Krill 

Krill 
Krill 
Krill 

Krill 
Krill 
Krill 
Krill 

Total References 

7459 

5055 

9625 

12084(-) 

42130(-) 

Eurul<ovS<iy and Yaragov (1967) 
Stasenko (1967) 
Nerooto crid Nasu (1975) 
Nernoto and Nasu (1975) 
Ivanov (1970) 
FAD (1976) 
FAD (1976) 
FAQ (1976) 

FAQ (1976) 
Nernoto and Nasu (1975) 

FAQ (1976) 
FAD (1976); Nemoto and Nasu (1975) 

FAD (1976) 
Nippcn Suisan Kaizai (1976) 
Fishing News International (1975) 

FAQ (1977) 
Nippcn Suisan Kaizai (1976) 
FRG. Ministry of Research and 

Technology (1977) 
World Fishing (1977) 
FAQ (1977) 
Evers01 (1978) 

Fishing News International (1978c) 
Fishing News Internaitonal (1978b) 
Fishing News International (1978d) 

Eddie (1977) 
Eddie (1977) 
Eddie (1977) 
Eddie (1977) 

acatches of Lnspeci fied marine crus tacea (UMC) by the USSR are from the 
areas adajace,,t to the Soothern Ocean crid are assumed to be largely of krill 
(Everson, 1977). 
bFAO reports 1081. 
CFAO reports 2841. 
dFishing News International (1978e) reports 7000. 
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some area, due to distribution and life history 
characteristics, may not be able to sustain continued heavy 
fishing as occurred in the peak years of 1969/70, 1975/76, 
1976/77 (Gulland, 1983) • 

.s_qill 

Although the economic potential for a cephalopod fishery 
in the Southern Ocean is unknown, squids may represent a 
significant potential fisheries resource (Everson, 1978). 
Clearly, large numbers of cephalopods occur in southern 
waters, although estimates of abundance have been very 
difficult to obtain. The importance of squids as indicated 
by stomach contents of higher predators, suggests that squids 
may be abundant and widespread (Clarke, 1980). 

Recent reports of fishing activity near the Falkland 
Islands may portend future opportunities for squid harvests 
in southern waters (Anon., 1983a), A fleet of 20 Spanish 
trawlers was reported to have taken some 20,000 metric tons 
of squid just offshore of the Falkland Islands, and a large 
Polish fleet apparently took some 100,000 tons of squid and 
blue whiting (Micromesistius australis) from this vicinity as 
well, The future of Antarctic squid fisheries will likely 
depend on further determinations of distribution and 
abundance, improved harvesting methods, and economic 
incentives, 

KLill 

History 

The earliest reports of exploratory Antarctic krill 
fishing are for the 1961/62 season by the USSR (Table 1). 
Since that time, the annual take of krill has increased 
dramatically (Fig. 2), For the first ten years of the 
fishery, the USSR was the only nation involved. It was 
joined in the 1972/73 season by Japan, By the late 1970's 
several other nations, including Chile, the Federal Republic 
of Germany, Poland, Taiwan, the German Democratic Republic, 
Norway and Korea, had also conducted exploratory fishing. 
Not until the 1976/77 season did the reported harvest of 
krill exceed 100,000 metric tons. The reported level 
increased to about 500,000 in 1980/81, the last season for 
which FAO statistics are presently available {Table 2). 
Although major concentrations of krill are distributed in all 
principal sectors of the Southern Ocean, the commercial 
fishing has been concentrated in the Atlantic and Indian 
Ocean sectors (Fig. 3). 
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Fig. 2. Total krill catches in the Southern Qcean. Data supplied 
by D. Robertson from FAO statistics, (From Knox, 1983). 

Total krill catch 
1961-1980 

? ? 
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Fig. 3. (A) Distribution of principle concentrations of krill 
(using data from Marr, 1962 and Mackintosh, 1972) (From Everson, 1981) . 
(B) Distribution of Eu phausia superba and krill fishing grounds of 
Japanese and Soviet expeditions (Nemoto and Nasu, 1975). A.C.: 
Antarctic Convergence; N.B.: Northern boundary of~ superba; Shaded 
areas: Fishing grounds of Japanese expeditions; Area bounded by dashed 
line: Fishing grounds of Soviet expeditions. (From Nemoto, Doi, and 
Nasu, 1981). 
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fable 2 Nanine I catches or Antarctic kr 111 by countries ln various fish Ing areas. Catch totals given ln ffll!!trlc tons (f"A0, 1976-1982). 

Country Area 1910171 1Y111n 19/'J.I 1 191)/74 1974 / 1 1'175/16 1916/77 1977/78 1978/79 1919/80 1980/81 

Bulgaria 48 94 46 
Gern,an OM RP 48 8 102 
Poland 48 21 6966 l Z26 
us~ 48 21700 36900 500 99628 89620 266386 ))6752 285117 

Total 48 21700 38900 521 106794 89923 266534 )56978 285117 

Jepen 58 643 1081 2266 10517 2606) )6909 "628J 27832 
USSR 58 1866 26781 28522 8)164 1J22J7 

lot al 58 64J 1061 2266 l2J8J 52844 654Jl 120047 160069 

Poland BB J6 
us~ BB JJ55 600 ,oeo 

Total BB JJ55 J6 600 J080 
-----.. -----... ---------------------------------------------- . ------------------------------------------------------- . -----------------------------
Area 48 21700 . 38900 521 106794 8992) 2665)11 )56978 285117 \.J1 

I.!) 
Area 58 64) 1081 2266 l2JBJ 52BIIII 654'1 120047 160069 
Area 88 JJ55 J6 600 J080 

Grand Total 39981 2787 1225)2 14280) 3'2565 477025 448266 
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Present 

Current catches of krill are far below the levels that 
some countries presumably are capable of taking. At least 
two factors may be responsible for this hiatus in harvest 
expansion: 1) difficulty in predictably detecting and 
capturing krill, and 2) problems with processing and 
marketing of krill products. Methods of detecting and 
capturing krill have been well reviewed by Everson (1978) aoo 
Eddie (1977). Echo sounders have been used extensively in 
locating swarms of krill, but because the original apparatus 
for fish was designed to disregard signals from zooplankton, 
modifications were required. At present, difficulties remain 
in distinguishing krill from some other abundant zooplankton. 

Several types of fishing gear have been used 
experimentally and commercially for catching krill, including 
side trawls, purse seines and mid-water trawls. Modified 
mid-water trawls appear most satisfactory. The design most 
commonly used today has an enlarged mouth and smaller mesh 
than conventional nets. These modifications prevent loss of 
krill through the mesh. Nets and trawls used for fishing 
krill were evaluated by Klages and Nast (1981) and Czubek 
(1981). 

Although some problems with detection and capture of 
krill apparently remain, processing and marketing appear to 
be the principal factors delaying expansion of the krill 
fishery (Everson 1978). Raw krill are unstable, and 
deteriorate rapidly after capture. This factor and other 
problems associated with handling and processing must be 
solved before the krill fishery can develop further 
(Grantham, 1977). For example, krill exoskeletons have a 
high fluoride content that presents a problem for animal 
consumption. Removing the shells has posed technical 
problems in the past, but these problems are reportedly being 
solved (Anon., 1983b). 

Future 

The magnitude of future Antarctic fisheries is 
uncertain. It is likely that considerable interest would 
exist in significantly expanding the krill fishery if 
difficulties with processing and marketing are overcome. 
Everson (1978) outlined three possible paths for expansion: 
(1) construction of new classes of factory ships, (2) 
diversion of fleets capable of distant water catches, and (3) 
deployment of fleets of trawlers and mother ships similar to 
those currently used by USSR and Japan (Table 3). The secooo 
two options would allow rapid expansion of harvest capacity 
should the economic climate and processing techniques 
improve. Indeed, new developments in processing, such as the 
improved peeling techniques recently announced in Poland, may 
expedite the expansion of krill fisheries and give new 
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Table 3. Composition of fishing fleets operating in the 
Southern Ocean. (After Everson, 1978). 

Season Area Nationality Type No. Reference 

71-72 Iles USSR Trawler 77 Bureau ( 7 3) 
Kerguelen Cargo rs 

77-78 South USSR Trawler 32 Hall (78) 
Orkneys Tanker 4 

Mothership 11 
Tug l 
Research 1 

76-77 Japan Trawler 5 World Fishing 
(77) 

77-78 Japan Trawler 9 World Fishing 
(77) 

77-78 64 s, Japan Trawler 7 Fishing News 
120 E Int. (78a,b) 

Research 2 
Mother ship 1 
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impetus for higher catch levels (Anon., 1983b). 

HYPOTHESES AND SPECULATIONS ABOUT THE MARINE ECOSYSTEM 

~he Dynamics of Krill and its Predators 

Food webs are dynamic: various components interact 
through competition and predation within certain physical 
limits. In the Antarctic marine ecosystem, where we have 
just begun to understand these interactions, it is clear that 
Antarctic krill play an important role in the food web during 
summer. Similar to Paine's (1969) description of "keystone 
predators" (species which have a dominant influence in 
structuring their community), Dayton (1972) defined 
"foundation species" in lower trophic levels as those which 
contribute in a major way to community structure. Krill is 
certainly a foundation species. South of the Antarctic 
Convergence, it is the principal food for many species of 
whales, seals, seabirds, fish, and squid (at least during the 
summer). These groups presumably compete with one another 
for krill (although the spatial and temporal details of these 
interactions are still poorly understood). The success of 
predators comes not only at the expense of its prey (e.g., 
krill), but also its competitors. 

It is into this dynamic system that man enters, 
as a commercial predator. There is evidence that man's 
previous predation on whales had a significant effect on the 
Antarctic marine ecosystem and may have led to basic changes 
in community structure and equilibrium {discussed below). 
The potential for greatly expanded krill fisheries in the 
future raises vital questions as to the possible further 
impacts of human predation on Antarctic living resources. 

The concept of coupling management of multi-species 
fishe~ies and ecosystem conservation is particularly 
applicable to Antarctic living resource exploitation. 
Several authors have discussed the issue of multi-species 
models and fisheries management (May et al., 1979; Horwood, 
1981; Tranter, 1981; Beddington and May, 1982; Yamanaka, 
1982; Beddington and de la Mare, 1984). Although these 
models provide a framework of the different factors that may 
be involved in multi-species management, models allowing 
realistic predictions are in their infancy. Gulland (1983) 
noted that even for systems where our experience and 
knowledge are considerable, we cannot yet predict the effects 
of manipulating fishing effort on selected elements of the 
system. Therefore, although the basic framework of such 
models may be correct, much more information is required to 
specify and quantify the processes which link components. 
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An understanding of ecological processes is essential if 
we are to advance beyond simplistic models of biomass and 
energy flow. For example, Gulland (1983) stressed the 
importance of understanding species interactions, changes in 
behavior, and fluctuations in vital rates due to density
dependent factors. Changes in many of these parameters may 
be non-linear. for example, how does the abundance of blue 
or minke whales affect the population dynamics of sei whales? 
Is it the total abundance of krill or the abundance of dense 
krill swarms that is more critical to various predators? To 
what extent might the dispersion of krill swarms by 
commercial harvest affect prey accessibility for various 
predators? These and other questions regarding interactions 
in the marine ecosystem stress the need for further 
ecological research in Antarctica. They also lead to 
hypotheses about current ecosystem relationships as well as 
to speculation on possible future effects of krill harvests. 

Hypotheses on Current Status of the Ecosystem 

The following hypotheses concerning the present status 
of the Antarctic marine ecosystem include three main 
assumptions: 

1) as a result of reduced baleen whale stocks, krill 
availability increased 

2) non-exploited krill predators responded functionally 
and numerically to the increase in krill 
avai 1 abi 1 ity 

3) a new carrying capacity and community composition 
developed 

The removal this century of nearly 84% of Antarctic 
baleen whale biomass (Laws, 1977b) may have temporarily 
reduced competition among krill predators. As .the whales 
were harvested, a so-called "krill surplus" may have occurred 
in annual increments throughout the period of whaling. Yet 
such •surpluses•, would have been temporary. The increased 
~vailability of krill to other predators would have led to a 
period of readjustment in the marine community. 

With increased prey availability, krill predators such 
as some pinnipeds, seabirds, fish and squid presumably 
experienced increased growth rates and population size. Some 
penguin populations apparently increased· during this period 
(Conroy and White, 1973; Conroy, 1975). There also is 
evidence that the age of sexual maturity in crabeater seals 
(Lobodon carcinophagus) decreased (Bengtson and Laws, 1984). 
Some whale species may have demonstrated similar responses 
(discussed below). Despite incomplete data, there exists a 
general consensus that ktill consu~ing groups "benefitedn in 
various ways from the reduction of baleen whale stocks. 
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These responses are inferred from, and in turn, imply, 
a density-dependent food limitation in existence for krill 
predators prior to commercial whaling. With removal of 
whales, this constraint was partially lifted and the carrying 
capacity for krill consumers increased. Later, increased 
populations of krill predators consumed the portion of krill 
formerly eaten by the whales. A new balance in the biomass 
composition of the community presumably occurred. 

As whaling declined and populations of krill consumers 
increased, competition among these groups returned; density
dependent food limitation again began to affect population 
parameters and population size. There is evidence that in 
some areas a reversal in the declining age at maturity 
occurred in crabeater seals (Bengtson and Laws, 1984) (Fig. 
4}. These data also suggest that with the cessation of 
whaling in Area 1, the annual increment of krill was no 
longer available, competition for krill caused slower body 
growth rate, and age at maturity in crabeater seals was 
delayed. The crabeater seal population is apparently 
stabilizing at a new level. 

The apparent responses of krill consumers to the loss of 
large numbers of baleen whales from the environment suggests 
that krill abundance may have been an important limiting 
factor in the overall carrying capacity of the pelagic marine 
environment (Gambell, 1976; Gulland, 1976; Tranter, 1981}. 
Although it was widely presumed that a decrease in whaling 
would lead to a recovery of whale stocks, Tranter (1981) 
outlined alternative views to that scenario. Citing May 
(1976), he noted that any recovery of whale stocks may be 
short-lived if increasing populations of other krill 
consumers have faster specific rates of growth than the large 
baleen whales. The total biomass of these groups would 
increase at the expense of the baleen whales. Crabeater seal 
data (Bengtson and Laws, 1984, Fig. 4), suggest that 
intraspecific competition for food has apparently already 
increased and is influencing the body growth rates of 
crabeater seals. The presumed recovery of protected whale 
stocks also may be increasingly affected by increased 
competition for prey. The addition of further competitors 
(i.e., commercial krill harvest) to the system may exacerbate 
this situation. 

The present community composition of the Antarctic 
marine ecosystem is substantially different than that prior 
to commercial sealing and whaling. Obviously, there is far 
less baleen whale biomass now than before. It also is likely 
that in some areas the biomass of seals, birds, and perhaps 
squid and fish is much higher than prior to whaling. The 
effect that a change from a whale-dominated system to a 
seal/bird-dominated system has had on ecological processes in 
the system is unclear. Current population trends of 
unexploited populations of whales and seals in the Antarctic 
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Fig. 4. Trends in crabeater seal age at macuiity as estimated from 
ovarian corpora counts. Hean age+ 1 standard error are shown. (Data 
from Bengtson and Laws, 1984). -
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are uncertain. However, the increasing age at maturity of 
crabeater seals strongly suggests that if indeed these 
populations had benefited from low competition for prey 
during the heavy whaling years, that situation is changing. 

~sible Effects of Krill Harvest 
Reduction in Krill Biomass 

It is unclear as to what level of commercial krill 
harvest would significantly affect krill and other 
zooplankton. One possibility is that competition among 
zooplankton for food will be reduced, although there is 
little evidence that krill are or are not currently limited 
during su~~er by phytoplankton abundance. Similarly, data 
are insufficient to judge whether or at what level vital 
rates such as recruitment, survival, or growth of krill may 
be affected by an overall reduction in their biomass caused 
by commercial harvest. Our lack of understanding about the 
discreteness of krill stocks precludes forcasting of how 
various fishing strategies may affect these stocks. Everson 
(1981) noted significant differences in the potential impacts 
of commercial fisheries depending on whether krill stocks are 
continuous or discrete (Table 4). At present, however, data 
on the spatial integrity of krill stocks is incomplete. 

Although we can only speculate on the potential responses 
of other zooplankton to krill harvest, a reduction in krill 
biomass is likely to have a direct effect on krill predators. 
A large-scale commercial harvest of krill would likely lower 
krill availability and increase competition between various 
krill consumers to various degrees. A similar result has 
occurred in other large-scale, commercial pelagic fisheries 
(e.g., the California sardine, Sardinops .5..9Jl9.X; Peruvian 
anchovy, Engraulis ringens; and south African pilchard, 
Sardinops ocellatus fisheries). A reduced krill availability 
presumably would result in lower growth rates and 
reproductive rates. In a simple model of joint exploitation 
of krill and whales, Horwood (1981) showed that harvesting 
krill decreased whale abundance. Ultimately, significantly 
lower krill biomass will lead to steady or even declining 
populations of whales, pinnipeds, seabirds, and other groups. 

The degree to which various krill consumers would be 
affected by krill fishing would depend on the species and its 
natural history. For example, Gulland (1983) noted that 
although all the Antarctic baleen whales consume krill, the 
proportion of krill in the diet of each species varies 
considerably. Therefore the degree to which krill 
availability will affect each species can also be expected to 
vary. Krill predominate in the diets of blue whales 
(Balaenoptera rnusculus) and minke whales ca. borealis), for 
example, whereas copepods are important to sei whales. 
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·Table 4. Postulated effects of an intensive krill fishery in one 
limited area. (From Everson, 1981). 

on krill (stock parameters) 
(o) growth 

(b) monality 

(r) biomas.s 

on natural corl!umrn 
(a) •~ie. linked closely to fishing area 

(e.g. . breeding birds) 
(1) intensi•e fishing prior 10 crilical 

predation period each season 

(ir) intensive fishing during and after 
critical prtdation period 

(b) -s~ies not tied 10 fishing area 
(e.g. . whaks) 

(1) intensive fishing before prtdator 
. ~ormally prcsenl in foh ing area 

(ir) intensi,·e fishing ·during and after 
predator present in fishing area 

one single unit slock 

small 

no change (male) 
small (female) 

small 

significant in fishing area. 
elsewhere minimal 

small 

small o,crall 

none or slight reduction 
in density 

sc,cr.al unir srocks 
(defined b\' areal 

probably small 

may change (male) 
large (female) 

significant reduct ion afler stan 
of fishing 

signilicant: increasing wi1h time 
10 level off c,rnruall}' 

significant in subscqucnr years 

reduced densi1y 
(i.e .. reeding elsev.here), 

slight reduc1ion in shorr -i, rm 
major rc-duction in long term 
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Gulland (1983) also suggested that because minke whales 
(as important krill consumers) have increased, one could now 
argue that they should be harvested to allow other depleted 
whale stocks to recover. Tranter (1981) discussed this idea 
and proposed the possibility of harvesting crabeater seals, 
whales, and krill simultaneously. A major difficulty with 
this approach is that it is very difficult to devise specific 
management strategies on the basis of intuitive cause/effect 
relationships (Gulland, 1983). We have no basis, other than 
speculations based upon unverified assumptions, for 
concluding that a given harvest strategy would have a desired 
result. Furthermore, we have no evidence that manipulating 
minke whales, crabeater seals or other stocks alone would 
ensure desired effects. To assume that harvesting krill, 
seals, and minke whales simultaneously would allow recovery 
of depleted stocks of whales is little more than 
speculation. This is particularly true in light of our 
ignorance about the numerical and functional relationship 
between various components of krill-dominated food webs and 
the potentially major role that fish and squid may play in 
the ecosystem. Without more information, it is premature to 
initiate simultaneous harvests of krill and its predators to 
achieve management and conservation of multi-species systems. 

Dispersion of Krill Swarms 

Corr@ercial krill fisheries may change the behavior and 
distribution as well as the density of krill. Gulland (1983) 
raised the question of whether dispersion of krill swarms by 
commercial harvests might affect the availability of krill to 
predators to a greater extent than changing the absolute 
abundance of krill itself. Longhurst (1981) discussed the 
importance that the patchy distribution of plankton has 
within marine ecosystems. He stressed predators' crucial 
need to be able to locate dense food sources in patchy 
environments. Longhurst (1981) discussed Lasker's (1975, 
1980) work that showed the inability of some larval fish to 
survive if phytoplankton above a certain threshold density 
could not be located, In a similar example, Longhurst (1981) 
cited studies by Brodie et al. (1978) in the Gulf of St. 
Lawrence. If euphausiids were distributed uniformly instead 
of in dense layers, the energetic costs to baleen whales 
searching for prey would be higher than the caloric value of 
the prey themselves. If that were the case in the Gulf of 
St. Lawrence, the whale populations presently found there 
could not survive. Nemoto and Harrison (1981) further 
stressed the importance of dense swarms to many species of 
baleen whales. They pointed out that although Euphausia 
triacantha is distributed in high latitude waters throughout 
the Southern Ocean, it is not found in the stomachs of baleen 
whales presumably because it is not accessible to whales in 
the energy efficient form of dense swarms (Baker, 1959). 
Similarly, although Calanoides acutus is known to be abundant 
in Antarctic waters, it is not a prey species for many large 
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Fig. 5. The changes in the biomass of 11 stocks in the North Sea as 
estimated by Andersen and Ursin (1977); the most prominent change is 
the gadoid outburst during the whole decade at a rate of increase 
colll!Don to the four species. (From Cushing, 1981), 
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predators presumably due to its lack of swarming behavior 
(Andrews, 1966). The likelihood of Antarctic krill swarms 
being dispersed or otherwise affected by fishing activities 
and its consequent effects on predators are unknown. If 
human predation on krill changes their behavior, the effects 
on the ecosystem could be substantial. 

Shift in Composition of the Marine Community 

A third area where krill harvests may potentially affect 
the ecosystem includes shifts in the predominant species 
groups. The impact of removing species from food webs have 
been examined by several investigators. ror example, Pimm 
(1980) outlined the effects of removing predators from 
benthic and littoral systems (Table 5). Other examples 
involve a dominant species group that has declined and been 
replaced by another. Often this replacement has been brought 
about by a suite of natural events and/or human fisheries 
activities resulting among other things in changes in the 
relative abundance of competing species. 

A well-known example of previous shifts in dominant 
species is the collapse of sardine stocks off the California 
coast in the 1930's and their replacement by anchovies 
(Gulland, 1983). In 1972 anchovy stocks crashed off Peru and 
were replaced by sardines (Idyll, 1973; Murphy, 1977; 
MacCall, 1984). Declines in herring and mackerel stocks in 
the North Sea apparently led to increases in cod, haddock arrl 
plaice (Holden, 1978) (Fig. 5). Sherman et al. (1981) 
presented data suggesting that depleted herring and mackerel 
stocks were replaced ecologically by expanded stocks of sand 
lance (Ammodytes sp.) in the eastern north Atlantic. The 
over-exploitation of Alaskan sea otters (Enhydra lutrus) 
apparently led to increases in sea urchins. This shift 
resulted in a marked change in the structure of that marine 
community (Estes and Palmisano, 1974; Simonstad et al., 
1978). 

The removal of baleen whales in the Southern Ocean 
resulted in a change in the composition of dominant species 
of mammals. Antarctic fur seal stocks, recovering from over
exploitation in the early 19th century, have increased 
dramatically over the last several decades (Fig. 6). The 
accelerated growth rate of this population is partly 
attributed to increased krill availability due to declining 
whale stocks (Laws, 1977a). Crabeater seals, the most 
abundant of the pinnipeds, have also presumably increased in 
total abundance. The estimated population of 15 - 30 million 
crabeater seals (SCAR/SCOR, 1983b) i$ estimated to consume 
approximately 63 - 126 million metric tons of krill annually 
compared to the approximately 43 million metric tons of krill 
estimated to be consumed currently by all Antarctic baleen 
whales combined (Laws, 1977b). Whether the present dominance 
of seals in the top trophic level of the Antarctic marine 
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Fig. 6 • Increase in the pup counts of the fur seal (Arctocepha]us 
gazella) at South Georgia for the period 1933 to 1973 (solid lines). 
The decline in the biomass of antarctic baleen whales (from Mackintosh, 
1970) is shown for comparison (dashed line). (From Laws, 1977a). 
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ecosystem represents a new, long-term equilibrium remains to 
be seen. 

A possible result of over-exploitation of krill might be 
replacement by a competing herbivore species. A change in 
trophic relationships from a phytoplankton/.~ . .L superba/ 
predator food chain to a phytoplankton/other euphausiid or 
copepod/predator chain would have significant effects on the 
ecosystem. Most zooplankton such as~- triacant~ and 
copepods do not form swarms as dense as~- superba. Sei and 
right whales, which use a skimming method of feeding, are 
capable of feeding on copepods which are found in lower 
densities than those of Antarctic krill (Nemoto and Harrison, 
1981) and might benefit from a shift in dominant zooplankton 
composition. 

Changes in the availability of zooplankton at certain 
densities would clearly affect baleen whales which have 
specialized on plankton present in particular densities 
within the water column (Nemoto and Kawamura, 1977). If, for 
example, herbivores that swarm less densely than krill becarre 
dominant in the Antarctic community, blue and humpback whales 
(Megaptera novaeangliae) would be at a competitive 
disadvantage. Because these whales depend heavily on very 
dense, heavy swarms of Antarctic krill, the recovery of these 
depleted stocks well could be jeopardized. 

PREVIOUS STUDIES UTILIZING INDICATOR SPECIES 

When considering the use of indicator species to detect 
ecological changes in response to fishery-driven 
perturbations, it may be useful to examine previous studies 
that have used the indicator concept. For example, is there 
evidence that certain indicator variables changed in response 
to the over-exploitation of whale stocks in the southern 
hemisphere? Such a consideration would be helpful in two 
areas: 1) demonstrating whether or not the idea of indicator 
species is a viable one, and 2) suggesting some speciflc 
indicator parameters which, on the basis of past responses, 
might also be useful in measuring the effects of future 
perturbations. 

Pinnipeds 

Changes in the reproductive rates and population size of 
some Antarctic pinnipeds have been correlated with 
hypothesized changes in the ecosystem brought about by 
declining whale populations. 
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Fig. 7. Interspecific correlations between krill feeding animals 
and baleen whale biomass in the Antarctic marine ecosystem. 
• - • mean age at sexual maturity, minke whale (present study), 
O - 0 mean _age· at sexual maturity, .crabeater seal {Laws, 1977a), 

- •-·-total -baleen whale biomass {Gambell, 1975), ---- blue whale 
biomass (Gambell, 1975), -- number of fur seal pups (Laws, 1977a). 
(From Kato, 1983), 
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Age at Sexual Maturity 

Laws (1977a) analyzed crabeater seal data and suggested 
that age at sexual maturity decreased from about 4 years in 
the mid-1940 1 s to about 2.5 years in the late 1960 1 s (Fig. 
7). Be attributed this reduced age at sexual maturity to 
accelerated body growth caused by more readily available 
krill, the primary food of crabeater seals. Accelerated 
growth would have led to an earlier age at maturity for 
individuals throughout the population as whale stocks 
decreased and krill availability increased. In contrast, the 
decline of whaling in the late 1960's and early 1970's, and 
the presumed numerical increase in seals, fish, and seabirds, 
should have caused the availability of krill to decrease once 
again. With this decrease in krill availability, a reversal 
in the declining age at maturity would be expected. Based on 
a small sample of crabeater seals collected in 1977, however, 
Bengtson and Siniff (1981) were unable to support this 
prediction. 

More recent work (Bengtson and Laws, 1984), intended to 
further test the hypothesis that age at maturity should 
increase during the 1970's, demonstrated that the tooth back
calculation technique used in earlier studies produced trends 
that were artifacts of sampling. A sub-sample of Laws' 
(1977a) pooled data showed that the decreasing trend found in 
the 1972/73 sample was also present in a similar sample taken 
9 years later {Fig. 8). Data plotted against age at 
collection rather than birth year indicated an inherent trend 
in the separate samples, not in the population. Hence, back
calculation of transition zone in teeth in crabeater seals 
was not suitable for estimating past trends in sexual 
maturity. 

Whereas tooth back-calculation is an inadequate method 
to assess trends in reproduction, direct evaluation of 
ovarian corpora did show an increasing trend in maturity as 
predicted (Bengtson and Laws, 1984) (Fig. 9): crabeater seal 
age at maturity increased steadily from about 2.5 years in 
1962 to over 4 years by 1976. The strong correlation of this 
trend with whaling activities in that region suggests that 
reproductive parameters are indeed sensitive to perturbations 
in the marine ecosystem. 

Crabeater seals may therefore be a useful species for 
future monitoring of krill availability. In a similar way 
that whaling affected krill abundance in the past, commercial 
krill harvests in the future may affect krill abundance and 
its availability to predators. Monitoring the age of sexual 
maturity in crabeater seals may allow evaluation of the level 
of these perturbations within the marine community. 
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Fig. 8-. Crabeater seal ages at sexual maturity (sexes combined) by 
year classes, back-calculated from interpretations of tooth layers, 
Data from Bertram's collection (1940) are lumped as pre-1937 year 
classes. Mean.± standard deviation are shown, (From Laws , 1977a), 
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Fig. 9. (a) Mean values of age at maturity in relation to cohort year 
(year of birth). Sample sizes for the two collections shown are 1972-73/ 
73-74"' 358, 1981-82 ,. 341. (b) Mean values of age at maturity in relation 
to age of seals at time of collection (year of death), Sample sizes are the 
same as in (a). (From Bengtson and Laws, 1984). 
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Population Size 

The rapid rate of population growth in Antarctic fur 
seals may be due, in part, to an increased availability of 
krill (Laws, 1977a, 1977b; Payne, 1977). Bowever, it is 
difficult to separate the effects of potentially increased 
krill availability and the recovery of fur seal populations 
from over-exploitation in the early 1800.'s. It is clear that 
fur seal populations have been increasing rapidly and that 
this increase occurred during the same time as decreasing 
whale stocks. But, similar to the correlated increase in 
crabeater seal age at maturity and whaling activity, cause/ 
effect relationships cannot be proven without carefully 
controlled experiments. 

Whales 

The baleen whales have received considerable attention 
relative to the changes in their reproductive rates 
theoreticall.Y expected to have resulted from commercial 
whaling. 

Pregnancy Rates 

Mackintosh (1942) was the first to suggest that 
pregnancy rates of female baleen whales in the southern 
hemisphere were increasing. His figures showed pregnancy in 
blue whales increasing from about 48% in the 1925 ~1931 
period to about 66% during the 1932 - 1941 period. Be also 
observed an increase in ·fin whale (Balaenoptera physalusl 
pregnancy rates from 65% to soi· during the same period. A 
similar result was found by Laws (1961) who calculated a rise 
in fin whale pregnancy from 46% to 76% between the years 1925 
and 1930. Later analyses by Gambell (1973, 1975, 1976) 
suggested increases in pregnancy rates for southe~n 
hemisphere baleen whales. 

Although these studies have been widely cited as 
illustrating density dependent responses to competition for 
food, more recent analyses hav~ challenged their conclusions. 
Some ·evidence exists to indicate that the calculated trends 
in pregnancy rates may not reflect population trends 
(Mizroch, 1980, 1981a, 1981b). Mizroch (1983) further argued 
that the observed increases in pregnancy rates could be 
explained on the basis of analysis techniques--pooling data 
across months may have led to errors in interpretation. 
Furthermore, despite the large sample sizes available for 
analyses, the high variability in pregnancy rates may have 
masked any trend present in the true population pregnancy 
rate. Mizroch concluded that although pregnancy rates may 
have changed during the period of heavy whale exploitation, 
available data cannot be used to corroborate this possibility 
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because of the high natural variability in pregnancy rates. 

Age at Sexual Maturity 

Age at the attainment of sexual maturity is another 
indicator parameter that has been examined in southern baleen 
whales. On the basis of several analyses, including 
transition phase in ear plugs, counts of cor~ora albacantia, 
and percent of mature individuals within age classes, a 
decline in the age at maturity has been suggested for several 
baleen whale species (Lockyer, 1972, 1974; Masaki, 1979). 
These authors suggested that the age of maturity in fin, sei, 
and minke whales had declined since the start of heavy 
exploitation of whales. Both Gambell (1973) and Masaki 
(1977) found evidence of large increases in pregnancy rates 
and decreases in age at sexual maturity in sei whales. Kato 
(1983) evaluated the trends in the age at sexual maturity of 
minke whales using all three of these methods. He found a 
decrease in age at maturity, which he attributed to reduced 
competition with harvested whales and a higher availability 
of krill. As supporting evidence for this trend, he cited 
increases in Antarctic fur seal populations and a decrease in 
age of maturity in crabeater seals (Fig. 10). 

Just as some recent studies have re-evaluated pregnancy 
rates, so has recent work suggested alternative explanations 
for observed decreases in age at sexual maturity (e.g., Cooke 
and de la Mare, 1983). These analyses indicated that 
observed trends could be explained by biases in interpreting 
the ear plug transition phase data. Reader error in 
estimating the location of the transition phase, as well as a 
truncation effect caused by a sampling problem of harvested 
whales, could produce false trends. 

Bence, although a body of opinion supports the idea that 
pregnancy rates and age at sexual maturity in whales changed 
in response to declining whale stocks and reduced competition 
for krill, equally viable alternate opinions exist. The 
controversy as to whether observed trends reflect true 
population conditions or artifacts of sampling, analysis, and 
interpretation is a relatively new one and is as yet 
unresolved. 

seabirds 

Population Size 

Whereas some authors (Prevost, 1981) doubt that seabird 
populations have increased in response to reduction in whale 
numbers, others assert that penguin populations have 
increased (Rankin, 1951; Sladen, 1964). Conroy and White 
(1973) and Conroy (1975) presented information which 
suggested that populations of king, macaroni, Adelie, 



... _, .. 
2 
C ., 
z 

@;:: 
z ... 
CJ 

"' .., .. 

., 

- 81 -

Fig. 10. (a) Relative representation of seal cohorts. This curve was 
calculated in the following manner: 1) a subsample of each of the 13 
yearly samples was selected. Only those seals 7 - 21 years old at the 
time of collection were included, 2) the age distribution of each of 
these subsamples was plotted independently against cohort year. The 
x-axis was the percent of the subsample that was born in any given year, 
3) a composite graph of all 13 plots was made, with·the separate plots 
·overlapping cohort years included in their particular subsample, and 4) 
the mean value of the independent values for each cohort year was 
calculated and plotted as shown. (b) Age at maturity as estimated from 
ovarian material (earliest value estimated from the 1964-65 Norwegian 
sample (¢ritsland, 1970)). Mean values for 2 - 7 year olds from each 
collection year are plotted by mean cohort year (4,5 years prior to 
collection year). Dotted line shows presumed trend of maturity, and 
dashed line shows alternative trend of decline. All lines fitted by 
eye. (c) Baleen whale biomass removed from Area I annually. Assumes 
the following average body sizes (metric tons): blue, 88; fin, 50; 
humpback, 27; sei, 18.5; and minke, 7. (From Bengtson and Laws, 1984). 
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chinstrap, and gentoo penguins had increased in the Scotia 
Arc region during the period of commercial whaling. During a 
similar period, Caughley (1960), Taylor (1962), and Ainley et 
al. (1983) observed no evidence of increased penguin 
populations in an area that lacked intensive commercial 
whaling. Furthermore, these studies detected no apparent 
change in penguin populations relative to a supposed increase 
in minke whale populations in the Ross Sea sector. These 
contrasting trends suggest that if penguins responded to 
greater food availability, it was only in limited areas in 
the vicinity of the the southern Scotia Sea. These 
correlations, however, are based on relatively poor census 
information for penguins and do not conclusively demonstrate 
any cause/effect relationship between prey availability and 
population size. 

Reproduction 

No studies of Antarctic seabirds are known that have 
attempted to relate changes in reproductive parameters to 
changing abundance of prey stocks. There are, however, 
examples of studies within other ecosystems which demonstrate 
the utility of using seabirds to monitor fishing 
perturbations and prey availability. For example, studies 
off the South African coast (Crawford and Shelton, 1978) 
examined the interaction between jackass penguins (Spheniscus 
demersus) and fish harvests. In those studies, changes of 
various penguin parameters foreshadowed changes within 
fishery stocks. Changes in avian indicator parameters were 
evident before it was apparent to fishermen that their fish 
stocks were becoming depleted. 

Similar interactions b,etween fish stocks and predators 
have been investigated in the Pacific Ocean, in the Peru 
and California Current system (Murphy, 1966; Schaefer, 1970; 
Ainley and Lewis, 1974; Daan, 1980; MacCall, 1980, in press). 
These studies addressed the interactions and dominance of 
anchovies and sardines and the impact that their relative 
availability has on seabird populations. Anderson et al. 
(1980) demonstrated how brown pelican (Pelicanus occidentalis 
californicus) reproduction, particularly fledging rates, can 
serve as an indicator to anchovy stocks and commercial 
anchovy fisheries (Fig. 11). There appeared to be a strong 
relationship between the amount of anchovies harvested by 
commercial fishing and the fledging success of pelicans. 
Similarly, MacCall et al. (1983) presented information on 
the relationship between anchovy spawning biomass and its 
effect on relative pelican productivity (the number of young 
fledged per pair per year) (Fig. 12). Finally, a 14 year 
time series of data currently being analyzed on the 
reproductive success, fledging weights, predation effort, and 
diet composition for 7 seabird species on the Farallon 
Islands, California, confirms interrelationships of variation 
in these factors and indicates their utility for monitoring 
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Fig. 11. (A) Anchovy catches (open circles) during the pelican 
breeding season · (February through May only) superimposed on the 
various anchovy catch quotas (bar graphs) from 1971 through 1979. 
This does not represent the entire catch (see PFMC 1978 for those 
data) • Catch and quota data are expressed as tons x 103. Pelican 
reproductive rates (=F=young fledged per nest attempt} at Anacapa 
and Coronado Norte Islands combined (closed circles). The 1979 
bar graph represents the start of a new' quota system for the 
harvest of anchovies, and the hatched portions of the 1979 and 
1980 quotas represent a more conservative option for harvest under 
the same Anchovy Management Plan (PFMC 1978; Radovich and MacCall 
1979; MacCall 1980). (B) The 1979 increase in pelican productivity 
was due to locally abundant concentrations of 1978 year-class 
anchovies near the breeding colonies (Gress et al. 1980). .Southern 
zone (SCB) quota data are from Kaneen (1977), PFMC (1978), Stauffer 
and Parker (1980) and Stauffer (1980). Under the new system, only 
U.S. quotas are shown, and they comprise about 70% of calculated 
optimum yield (Stauffer 1980). A fall catch for 1979 of 5,810 
tons was the lowest in recent years (K.F.M.). (C) Anchovy reduction 
catch (fishing activities) versus pelican productivity (fledging 
rate) in the Southern California Bight from 1971 through 1979. 
See text and Anderson et al. (in preparation) for explanation of 
anomalous conditions in 1973 (1972-73 breeding season). (From 
Anderson et al., 1980). 
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Fig. 12. Relation bet~een brown pelican productivity (Anderson 
et al., 1980; Anderson, Gress and Mais, 1982) and anchovy spawning 
biomass. The 1981 and 1982 productivity values are unpublished data 
from Anderson and Gress (UC Davis). The 1973 value is biased and is 
excluded from the regression for reasons described in Anderson et al. 
(1980). (From MacCall et al., 1983). 
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prey availability (Ainley, unpublished data). These studies 
as well as otheis (MacCall, in press) illustrate the 
potential usefulness of seabirds in Antarctic waters for 
detecting and assessing impacts of fisheries. 
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Section Three; DESIGNING MONITORING PROGRAMS 

DETECTING CHANGES IN THE ECOSYSTEM 

The assessment of potential impacts on the marine 
community by various harvest regimes can be approached in 
at least three different ways: 

1) Assessing target species directly 
2) Evaluating target competitors and by-catch species 
3) Monitoring predators 

Monitoring all species and variables in all of these areas 
would be unrealistically expensive and logistically 
difficult, Yet complementary measurements in all three would 
be helpful in evaluating harvest impact and ecosystem status. 
Therefore, future monitoring programs should focus on 
selected variables that appear most promising within each 
category. 

Target Species 

The data required to monitor target stocks of krill and 
fish include attempts to estimate stock size and fishing 
effort, Characteristics such as age class and reproductive 
condition of krill caught might also be considered if 
suitable techniques can be developed, Relatively detailed 
information on the size and location of catches will be 
crucial for detecting potential perturbations through 
monitoring programs. 

Gulland (1983) discussed the challenges involved in 
directly estimating krill abundance and evaluating changes 
which occur in response to harvest, The patchy distribution 
of krill swarms, plus the uncertainty of how much krill is 
present outside of swarms makes it difficult to interpret the 
relationship between catch and effort data. Data reported on 
the catch per haul or catch per hour of fishing effort can 
provide an index of swarm density, but incorporating these 
data into estimates of standing stock in wide areas will 
require measures of time spent searching for swarms and swarm 
size. Even if some of these difficulties are overcome, 
Gulland (1983) feels that this method may be inadequate to 
provide evidence on potential impacts of the fishery. To 
support this idea, he recalled that the reporting of 
statistics from other fisheries has been incomplete. Even if 
all data were available, satisfactory monitoring of stock 
abundance would not necessarily be assured. He noted that 
fishery catch statistics for krill may reflect processing 
capacity and temporary abundance at fishing sites rather than 
regional population densities and standing stocks, These 
arguments further support the need for assessing the relative 
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status of krill stocks indirectly by monitoring selected 
parameters of krill predators. 

Target competitors .srui By-catch Species 

Competitors of krill include other herbivores such as 
salps, copepods, or juvenile fish. If the abundance of krill 
were changed by fisheries pressure, these competitors might 
manifest compensatory responses resulting from altered 
competition. Although it is unlikely that by-catch 
information will be useful for monitoring in early stages of 
the krill fishery, it is important that such data are 
recorded. Both the composition and relative abundance of by
catch species would provide an important ieference point 
should changes in relative species abundance occur. 
Monitoring by-catch species will help evaluate whether non
target zooplankton manifest responses to krill fishing 
pressure (e.g., competitive replacement). 

Predators 

Fluctuations in food availability may be reflected in 
responses by primary and secondary predators of krill. For 
many species, variables such as growth, reproduction, and 
behavior are flexible parameters that change in reiponse to 
density-dependent factors (e.g., prey availability). 
The variety of life history strategies present among some 
pinniped and seabird species (e.g., specialist v.s. 
generalist feeders) allows iriterspecies comparisons to be 
made and comparative studies to be undertaken. As discussed 
below, some seals and penguins in the Antarctic food web seem 
to be best suited for indicator species. 

SELECTING INDICATOR SPECIES 

General concepts 

Green-Hammond et al. (1983) discussed the criteria for 
selecting optimal indicator characteristics to indirectly 
detect changes in the availability of Antarctic krill. They 
noted that "ideal" indicator species or ~opulations should: 

1) be predators, prey or competitors of Antarctic 
krill 

2) occur in areas where krill are found and are being 
harvested 

3) be sensitive to changes in krill availability, but 
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relatively insensitive to natural fluctuations in 
physical environmental conditions 

4) have perturbation response times that are relatively 
short 

5) have variables which can be measured relatively 
simply and inexpensively at accessible locations 

The natural variance of an indicator variable (within a 
population and between seasons), as well as the sampling 
variance, should be low or precisely quantifiable. Variation 
will affect the sample sizes and frequencies required in a 
monitoring program. It is likely that for most variables, 
large samples will be required in order to detect relatively 
small changes in populations. 

In addition to the work by Green-Hammond et al. (1983), 
the BIOMASS Working Party on Bird Ecology (1983a) and the 
SCAR Group of Specialists on Seals (1983b) also considered 
the question of indicator characteristics. These groups, 
identified feeding effort, growth, and reproductive success 
as variables well-suited for monitoring purposes. They 
considered parameters such as population counts to be less 
useful due to the substantial logistic difficulties involved 
in making such counts. Furthermore, total population size is 
likely to be less sensitive, with longer lag times, than 
behavioral or reproductive variables (Eberhardt and Siniff, 
1977). To be useful for management decisions, timely data 
must be available on parameters' recent responses in order to 
detect potential changes in ecosystem status. 

Of the three areas of potential assessment, the best 
indicator species to provide indirect evidence of changes in 
ecosystem trends appear to be krill predators. Hence, the 
remainder of this paper will focus on predators, particularly 
seabirds and pinnipeds. 

K.till Predators 

Fish 

Studies on fish might be considered for inclusion in 
future coordinated monitoring programs. Commercial finfish 
fisheries should provide opportunities to obtain biological 
samples and data available from areas inside and outside of 
krill fishing zones. Moreover, fish have been useful in 
monitoring studies elsewhere (Hocutt and Stauffer, 1980). 
Biological parameters such as reproductive rates, growth 
rates and population size appear compensatory to density 
dependent effects (Goodyear, 1980). For example, Lett and 
Kohler (1976) observed a lowered age at maturity in Atlantic 
herring (Clupea harangus) in the Gulf of St • . Lawrence in 
those cohorts which were less abundant and faster growing. 
Similarly, Shuter and Koonz (1977) reported a lower age of 
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maturity under similar conditions with walleye (Stizostedion 
vitreuml in Lake Erie. It is likely, however, that before 
Antarctic fish can be used as indicator species, more 
information on their basic ecology is needed. To put 
potential changes of fish populations in a useful management 
context, additional data on natural history, distribution, 
and species' ecological role will be required. 

Cephalopoda 

Limited knowledge on Antarctic squids makes them, at 
present, an inappropriate group around which to develop a 
monitoring program. Furthermore, squids are logistically 
difficult to work with, being hard to catch with nets or 
jigs. Therefore, despite their presumed abundance and 
consequent importance in the Antarctic marine ecosystem, 
further basic ecological work must be undertaken before squid 
should be used as indicator species in a monitoring program. 

Whales 

Whales are another group that appears unsuitable for 
inclusion in monitoring studies. This unsuitability is due 
to: 

1) low whale population levels 
2) the logistic difficulty and expense of working with 

whales 
3) the reduction in biological material available for 

study (if the proposed moritorium on whaling begins 
as expected, in 1985) 

In addition, the present controversies over measurement and 
detection of possible trends in whale reproductive and growth 
parameters in response to past perturbations in the ecosystem 
cast doubt on how reliable whales are as optimal indicator 
species. Bence, for the foreseeable future, whales should 
not be considered as indicators to assess potential impacts 
of fisheries. 

Seabirds 

Seabirds appear to offer good opportunities for 
monitoring local abundance of prey and status of the marine 
community. The suitability of Antarctic seabirds as 
potential indicator species in monitoring programs has been 
addressed in several reports (SCAR/SCOR, 1979, 1980, 1982a, 
1982b, 1983a; Green-Hammond et al., 1983). The BIOMASS 
Working Party on Bird Ecology in 1983 responded to a set of 
six questions submitted by the CCAMLR Seientific Committee 
addressing the suitability of seabirds in monitoring 
programs (Appendix 2). The working Party also outlined 
current seabird monitoring studies (Appendix 3) and 
recommended specific priorities for future work (Appendix 4). 
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These documents describe objectives, species, sites and 
general principles of possible monitoring programs as well as 
outlining recommended methods and techniques for using 
seabirds as indicator species in an ecosystem monitoring 
program. 

Several criteria must be considered in selecting bird 
species for monitoring studies. Species must feed primarily 
on krill, be located at reasonably accessible sites and 
possess flexible characteristics that change with fluctuating 
prey abundance. To allow controlled experiments, deliniating 
cause/effect relationships with fisheries activities, species 
should be present at sites both inside and outside areas 
being fished for krill. 

Penguins fulfill these requirements well and are 
desirable as indicator species for several reasons. First, 
because penguins are flightless, their geographic range is 
limited, especially during the breeding season. Bence, 
changes in various penguin parameters during the breeding 
season are more likely to reflect localized perturbations. 
Second, the high energetic costs of swimming are likely to 
have a greater, more observable effect on penguins if food 
supplies become limited locally. If prey abundance declines 
in one area, flighted seabirds can more readily exploit food 
stocks elsewhere. Penguins, which have a higher energetic 
cost in searching for food, are both restricted to a smaller 
foraging range and are more subject to stress due to local 
prey depletion. Because of a lack of data on the winter 
distribution and feeding habits of penguins, it is not yet 
possible to predict changes in variables related to winter 
prey availability. Third, penguins are accessible and easy 
to handle. This aspect is especially important if some types 
of automated equipment are to be implemented. Fourth, 
penguins represent the dominant group of avian biomass in the 
Southern Ocean, and therefore are principal competitors for 
krill and other prey within the community. 

Although penguins appear best suited for the initial 
focus of seabird monitoring programs, other avain species 
such as wandering albatrosses (Diomedea ezulans) may be 
useful in certain special situations as indicator species. 
These birds feed primarily on squid, but may reflect indirect 
system perturbations caused by commercial fisheries. 
Albatrosses, however, and especially the wandering albatross, 
possess an extremely conservative reproductive strategy, and 
thus, are probably less likely to manifest a range of 
responses to changes in the ecosystem than penguins. The 
potential use of albatrosses and other flighted seabirds to 
complement penguin monitoring programs is further discussed 
in the BIOMASS reports cited earlier. 
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Pinnipeds 

The feasibility of using pinnipeds to monitor the 
relative availability of krill in the marine community vas 
recently reviewed by the SCAR Group of - Specialists on Seals. 
The Group also considered and responded to a set of six 
questions from the CCAMLR Scientific committee regarding the 
utility of seals in monitoring programs (Appendix S). The 
following paragraphs rely heavily on the report of their 
September, 1983, meeting (SCAR/SCOR, 1983b). 

Antarctic pinnipeds all depend, directly or indirectly, 
on the availability of krill. Crabeater seals feed nearly 
exclusively on krill, while leopard seals (Hydrurga leptonyx) 
may feed on this species ~ainly during the winter. Weddell 
CLeptonychotes weddellil, Ross (Ommatophoca I.Qa.ll), and 
elephant seals CMirounga leonin~) do not use · krill directly, 
but likely feed on species of cephalopods or fish that in 
turn depend on krill. The Antarctic fur seals are also 
greatly dependent on krill, particularly the females during 
the period of lactation. Therefore, certain parameters in 
the life history of seals will be influenced if krill 
harvests change the relative availability of krill in the 
ecosystem. 

Two species particularly well suited for monitoring 
programs are crabeater seals and Antarctic fur seals. 
Crab~ater seals are specialist predators of krill, alone 
accounting for approximately twice the krill consumption of 
either penguins or whales (Laws, 1977a). Therefore, changes 
in krill abundance should be reflected in the species' 
biological and demographic parameters. Moreoever, because 
this species has a .population estimated at between 15 - 30 
million individuals (Gilbert and Erickson, 1977), sacrifice 
for specimen material is not likely to significantly affect 
the population. 

Because Antarctic fur seal populations in some areas 
are at relatively low levels, still recovering from previous 
exploitation, sacrifice and collection of specimen material 
at some sites would be innappropriate. Behavioral 
characteristics of this species, however, may be valuable as 
indicies of local krill availability. 

Due to fur seals' limited distribution and breeding 
sites, however, it is essential that crabeater seals be 
monitored in the pack ice. Because crabeater seals are 
circumpolar in distribution, it would be possible to sample 
them both in and out of krill fishing areas. It is important 
that additional research on the pack ice seals' movements, 
food habits, and general ecology be undertaken to put results 
from monitoring studies in a meaningful context. 
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SEABIRD AND PINNIPED INDICATOR PARAMETERS 

seabirds 

Parameters that may be ~seful to assess winter food 
availability include: 

l) arrival weight of breeding adults 
2) breeding population sizes on the rookery 
3) overwinter survival (percentage of adults returning 

from the previous year) 
4) fecundity (percentage of marked, breeding adults 

that also bred in the previous year} 

Of these, the arrival weight and overwinter survival rate 
would be relatively easy to measure. 

Using these parameters to assess winter food 
availability would be complicated by physical factors that 
vary from year to year. For example, pack ice fluctuations 
may affect the arrival weight of breeders. In heavy ice 
years, arriving adults must walk further to colony areas and 
therefore will arrive relatively thinner. Because these 
events would be independent of winter prey availability, it 
is essential that information on annual weather and ice 
conditions be included in any monitoring program. It is also 
necessary that a series of years, rather than •spot checks• 
at irregular intervals be incorporated into research plans. 

Potential indicators of summer food availability 
include: 

1) the length of time spent on incubation shifts 
(particularly the length of the first male 
shift) 

2) breeding success 
3) composition of the diet 
4) meal size obtained for chicks 
5) frequency and duration of adult foraging trips to 

sea 
6) chick fledging weights 
7) adult weights at fledging time 
8) adult weights before and after molt periods 

Of these variables, three would be relatively easy to measure 
by automatic recording equipment: frequency and duration of 
feeding trips, chick fledging weights, and adult weights at 
fledging time. 

Population counts of penguins have not been recommended 
as a priority parameter for monitoring studies for several 
reasons. The high variance that can be associated with these 
counts and the logistic difficulties of consistently 
censusing large colonies discourage their use. The timing of 
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counts from year to year is also critical. One or two weeks 
difference in the time of counts will account for large 
differences in the number of individuals present on the 
colony. Moreover, because of the logistic and manpower 
constraints of placing personnel at multiple sites at the 
appropriate timing each year, counts are not as feasible as 
other monitoring methods. 

The length of time between perturbations and a detected 
response is crucial. It seems likely that local changes in 
prey availability would be more quickly reflected in 
parameters such as individual growth, feeding patterns, and 
reproduction than in population size. Changes ·in overall 
population size may take years to become evident. Variables 
with quicker response times will provide data more useful to 
year-to-year management decisions; population counts may be 
valuable to assess long term (decades) trends. 

Pinnipeds 

Past collections of crabeater seals have provided 
valuable data on ecosystem changes and should be continued. 
The following 4 types of samples can provide useful data on 
the variables listed: 

Teeth: age determination 
relative cohort strength 

Reproductive tracts: pregnancy rates 
age at maturity 

Stomach contents: comparison with-krill caught by nets 
monitor changes in food item 
prey composition 

Body measurements: length/age relationship 
growth rates 
blubber thickness/food availability 

Age at sexual maturity and annual reproductive rates 
have been correlated with resource availability (Laws, 1977a; 
Bengtson and Siniff, 1981; Bengtson and Laws, 1984). These 
two parameters appear to hold the most promise for monitoring 
studies in the near future. Efforts should be made to 
incorporate other variables into pinniped monitoring prograns 
as well. 

Shifts in age structures may reflect changes in resource 
availability~ It appears from reported age structures of 
crabeater seal populations that pulses of high annual 
reproductive success are reflected in strong year classes 
(Bengtson and Laws, 1984; Laws and Baird, unpublished). 
Correlations of the troughs in recruitment with fishery 
catches by area may be a useful long-term monitoring device. 
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Feeding patterns of seals are likely to be sensitive to 
krill abundance and distribution. Duration and frequency of 
feeding bouts could serve as indices of krill availability, 
and could be easily monitored by telemetry or by tag
resighting methods. Recent work at Bird Island, South 
Georgia, has indicated that the amount of time that lactating 
females spend feeding at sea may be related to the relative 
abundance of their primary food, krill (Doidge et al., 1983). 
Approximately 5 to 7 days post-partum, female fur seals 
depart to sea to feed and replenish energy reserves before 
returning to suckle their pups. Over the next 4 months, 
females may make as many as 20 feeding trips prior to weaning 
their pups. Their movements and behavior during this time 
can be monitored easily by telemetry with techniques recently 
implemented on fur seals at Bird Island (Bengtson and 
Schneider, 1983). Additional studies have explored the 
potential value of using feeding behavior, nutrition-related 
fine tooth structure, and growth rates as indices of krill 
availability (Bengtson, unpublished data). 

Crabeater seal feeding cycles are likely to be sensitive 
to changes in krill abundance because of this seal's 
specialist life style. However, very little is known about 
their feeding patterns. The use of standard monitoring 
equipment has been hampered by the uncertainty of recapture 
and the lack of dedicated ship support. Dedicated ship 
support and the development of satellite-linked transmitters 
are essential for such studies. 

During the period of lactation, Antarctic phocid 
pinnipeds all probably undergo considerable weight loss. It 
seems likely that analyses of rate of weight gain after the 
lactation period would reflect environmental conditions and 
be correlated with local food availability. Use of hydroxy 
proline/creatinine ratios in urine has been shown to be an 
accurate reflection of instantaneous growth rate in some 
mammals (Mccullagh, 1969) and might be applicable in seal 
studies. At present, though, no work of this nature has yet 
been carried out on marine mammals. 
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PROGRAM DESIGN 

~pling 

Frequency of sampling required for different species arrl 
indicator parameters cannot yet be adequately determined. 
T.here are insufficient data on parameter variances to design 
sampling schemes or experiments to measure possible effects 
from fisheries (see SCAR/SCOR 1983a, 1983b; Green Hammond et 
al., 1983). Therefore, annual sampling must be initiated . for 
several years in order to assess the natural variation prior 
to designing long-term studies. Replicate, comparable data 
baselines should be collected throughout the areas of focus 
as soon as possible. 

sites 

The importance of multiple study sites for monitoring 
programs has been stressed by several authors (Green Hammond 
et al., 19837 SCAR/SCOR, 1983a, 1983b). In order to 
experimentally control for the effects of fishing, 
circumpolar sampling sites in pack ice and on-shore should be 
selected both inside and outside of areas heavily fished for 
krill or finfish. Studies also need to be undertaken both in 
and out of the breeding seasons of respective indicator 
species. 

Because the boundar i es of CCAMLR encompass a very large 
area it would be desirable to limit initial efforts for a 
monitoring network and controlled experiments to well defined 
areas. Establishing land-based monitoring sites and 
performing pack ice sampling programs in a relatively 
restricted area such as a portion of the Scotia Arc would be 
preferable. 

Figure 13 shows the distribution of krill and selected 
indicator predators. Crabeater seals, not shown on the 
figure, have a circumpolar distribution in the pack ice. 
Shore-based monitoring sites would support studies of fur 
seals and Adelie, chinstrap and macaroni penguins. The three 
continental sites (Fig. 13) were recommended for monitoring 
Adelie and chinstrap penguins in eastern Antarctica. For the 
vicinity of the Antarctic Peninsula, a series of sites along 
the Scotia Arc would be desirable (Fig. 14, Table 6). Pack 
ice sampling of crabeater seals could be undertaken at 
several sites around the Antarctic continent. 

In the early stages of the proposed program, it would 
probably be most feasible to test techniques and procedures 
at sites with active programs eg., King George Island 
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Fig.13 . Location of proposed sites in a shore-based network for 
ecological monitoring of Antarctic resource exploitation (0 • recommended 
site). For detail of sites in Scotia Arc (area inside heavy lines), 
see Fig, 14, Distribution of major concentrations of Antarctic krill 
(data from Marr, 1962) is shown on larger map. Distribution of 
Antarctic fur seals (data from Bonner, 1981), Adelie, chinstrap, and 
macaroni penguins (from Watson, 1975) are shown on smaller maps. 
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(U.S./Poland) or Bird Island (U.R.). In later field seasons, 
consideration should be given to establishing monitoring 
stations at other sites in the Scotia Ao:sucb as in the South 
Sand~ich Islands or on Elephant Island. If logistically 
feasible, another site at Bouvet Island would provide a 
useful comparison. 

Experimental Aspects 

In designing and implementing monitoring programs, it 
is important to demonstrate cause/effect relationships. 
Changes in the trends of index parameters may not necessarily 
be caused by fisheries, but may instead be related to 
physical environmental factors. Theiefore, adequately 
controlled experiments must be designed and tested over a 
long enough series of seasons to indicate the nature and the 
magnitude of effects that various perturbations have on the 
system. 

After adequate baselines are established, fishing effort 
should be directed to heavily exploit stocks within portions 
of the monitoring area. Comparing heavily exploited areas 
and less exploited areas would significantly increase our 
understanding of ecological interactions and the degree to 
which perturbations affect these processes. Coordinated 
experimental scientific fishing and ecological monitoring 
could provide a powerful management tool to assess future 
trends within the Antarctic marine ecosystem. 

METHODS AND TECHNOLOGY 

Automatic Monitorlng Eguipment 

Because takirig equivalent data sets at several study 
sites simultaneously is essential for the proposed monitoring 
network, it would be desirable to deploy automatic data 
collecting systems. The. development of automatic monitoring 
systems would be a highly cost-effective way to accomplish 
this objective. Monitoring beach attendance of penguins or 
fur seals could be done by remote recording stations deployed 
at various sites and retrieved later. Several systems have 
been used successfully to remotely monitor marine mammal 
behavior (Siniff and Kuechle, 1974~ Bengtson and Schneider, 
1983). Improving these systems to allow the unattended 
operation proposed here could probably be accomplished with 
reasonable costs. 

Feeqing trip duration and fledging weights could be 
~easured manually or visually as in previous studies (Ainley 



- 98 -

Fig. 14. Detail of Fig. 13 showing location of six suggested shore-based 
monitoring sites (circled) in the Scotia Arc. Active ecological research 
programs are present at Bird Island (U.K.), Signy Island (U.K.), King 
George Island (U.S.A./Poland), and Anvers Island (U.S.A.). 
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Table 6. Indicator species present at proposed land-based 
monitoring sites in the Scotia Arc (and at Bouvet Island). 
Not present (-), small numbers or visitors (*), breeding 
populations (+). 

Locale Adelie Chinstrap Macaroni Antarctic 
penguin penguin penguin fur seal 

Bird Island * + + 

Zavodovski Island + + + + 

Signy Island + + + * 

Elephant Island + + + 

King George Island + + + 

Anvers Island + + 

Bouvet Island + + + + 
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and Schlatter, 19721 Volkman and Trivelpiece, 1980). 
However, larger samples using fewer man-hours could be 
obtained by attaching radio frequency transmitters to birds 
and automatically monitoring presence in the colony. 
Automatic recording stations could monitor several hundred 
penguins or seals at one site. Such a system has been used 
successfully with fur seals (Bengtson et al., in prep) and 
Adelie, chinstrap, macaroni, and gentoo penguins (Trivelpiece 
et al., in review; Bengtson, unpublished data). 

Fledging weights and weights of arriving breeders could 
be measured manually or automatically. Automatic gates and 
weighing platforms have been suggested as possible 
techniques. The development of an automatic weighing system 
would be of considerable value. However, such equipment 
would require careful design, testing, and selection of 
appropriate sites. 

satellite Technology 

An increased use of satellite technology would greatly 
expand the scope of ecological research and monitoring in 
Antarctica. Although satellite imagery has been utilized for 
navigational and meteorological purposes, it has not been 
fully integrated into research programs dealing with 
Antarctic marine living resources. Three potential areas of 
application include evaluations of sea ice dynamics, 
oceanographic patterns, and ecology of krill predators. 

The use of passive microwave imagers to obtain data on 
the extent and distribution of Antarctic sea ice is a 
valuable technique that has application to marine ecosystem 
studies. Instruments such as the Electrically Scanning 
Microwave Radiometer (ESMR) on the former Nimbus-5 satellite 
provided a clear picture of the seasonal fluctuations of sea 
ice around the Antarctic continent (Zwally et al., 1983). 
System-wide assessment and monitoring on the scale outlined 
by CCAMLR would be greatly enhanced with satellite 
information. Not only can peculiar hydrographical features 
be identified from satellite ice images, but year-to-year 
patterns and variation can be analyzed. Broad-scale data on 
ice, a highly dynamic physical feature of the marine habitat, 
will provide an important background against which to compare 
other ecological data. 

Satellite technology could effectively be used to assess 
large oceanographic patterns such as water temperature or 
chlorophyll levels. The Nimbus-7 Coastal Zone Color Scanner 
(CZCS) has been successully used to determine the ocean 
chlorophyll concentrations at a level of± 30% in waters 
relatively clear of sediments (Ocean Color Science Working 
Group, 1982). These data allowed periodic estimation of 
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primary production for different oceanic areas. The specific 
objective was to measure algal biomass and primary production 
in order to detect future changes in productivity caused by 
regional over-fishing or nutrient run~offs. ~ second 
generation czcs, the Ocean Color Imager (OCI) has been 
designed to measure primary productivity and nutrient fluxes 
for fisheries management purposes. This device had been 
proposed as a part of an experimental oceanographic program 
called Marine Resources Experiment (MAREX) (Ocean Color 
Science Working Group, 1982). 

A third area of potential satellite applications is the 
study of krill predators. There is a major need for 
information on the movements, behavior, and physiology of 
predators such as whales, seals, and penguins. Data for 
pelagic and pack ice species can only realistically be 
obtained by remote telemetry communicating with satellites. 
In addition to transmitting the geographic position of 
individuals (as has been successfully implemented on polar 
bears (Lentfer et al., 1977)), new technology should be 
integrated to transmit data on feeding (diving) rates and 
physiological parameters. Obtaining these data would 
markedly increase our understanding of competition, 
predation, and the role that predators play in structuring 
the Antarctic marine ecosystem. 
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Section fQ.u..LJ. CONCLUSIONS 

The use of indicator species to indirectly monitor 
ecological trends in the Antarctic marine ecosystem appears 
promising. And yet, there is only the barest foundation of 
information upon which to build a monitoring program. To 
develop the strong program upon which management decisions 
can be based, steps must be taken now to begin laying the 
groundwork for a monitoring network and database. Initial 
steps should include three points: 

1) Consultations among scientists to begin planning and 
coordinating monitoring efforts 

2) Evaluation of baseline data that may be available 
and initiation of pilot projects to begin the 
acquisition of baseline data at monitoring sites 

3) Begin monitoring studies on selected indicator 
species 

SCIENTIFIC CONSULTATIONS 

This paper sought to present ideas and to stimulate 
discussion relative to monitoring Antarctic marine living 
resources, At this point it seems desirable to encourage as 
wide a participation as possible in that discussion to ensure 
that ideas from diverse quarters are considered. It may be 
advantageous to have interested scientists from CCAMLR 
nations meet to discuss the value and format of potential 
monitoring programs. 

For monitoring programs to be optimally successful, they 
must be coordinated. It seems likely that for the 
foreseeable future, responsibility for initial monitoring 
studies may fall within national research programs, The 
CCAMLR Commission and Scientific Committee can fulfill a 
critical role by assisting in the coordination of such 
programs. 

BASELINE DATA 

Because a principal objective of ecological monitoring 
is to identify trends, adequate baseline data are essential. 
Ideally, replicate data for indicator parameters should be 
available for a series of years or seasons preceding 
perturbations. These time series would give an indication of 
natural variation associated with various parameters, and 
essential part of any monitoring program. Despite the 
growing interest in using indicator species in Antarctica, 
there is currently very little baseline information, 
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moreover, no serial baseline data on recommended indicator 
parameters are available from sites around the continent. 

Some time series data are available from commercial 
whaling over the past several decades and may represent a
type of baseline of past events. However, relative to 
future monitoring programs, the whale information does not 
appear to be too helpful (see discussion on previous 
studies), Limited baseline data for selected parameters are 
available for crabeater seals. Biological samples taken 
during 1964 - 1982 by Norwegian, British, and United States 
investigators in the vicinity of the Antarctic Peninsula 
provide a baseline for growth and reproductive parameters. 
There do not appear to be any seabird $tudies that have 
suitable time series of data on potential indicator 
parameters. Clearly, these few examples of baseline data are 
inadequate for a future comprehensive research and management 
plan for Antarctic fisheries. Therefore, if indicator 
species are to be used to indirectly detect krill 
availability, it is imperative that comparable baselines at 
multiple sites be established as soon as possible to allow 
future comparisons. 

The length of time required to establish adequate 
baselines depends on the amount of variation inherent in 
different parameters and associated with the sampling method, 
This question as was addressed by the .BIOMASS Working Party 
on Bird Ecology (Appendix 2) and the SCAR Group of 
Specialists on Seals (Appendix 5). Our limited knowledge of 
the characteristics of indicator species in Antarctica does 
not allow esti~ating how long it is likely to take to 
establish suitable baselines, Neither do we know enough 
about specific parameters' variance to be able to state how 
long it will take to design and prepare coherent experiments. 
Therefore, the establishment of baselines and _the initiation 
of pilot programs to · investigate indicator variables must be 
a priority. 

INITIATION OF SELECTED MONITORING STUDIES 

The information discussed and summarized in the 
preceeding pages indicates that crabeater seals, Antarctic 
fur seals, and chinstrap and adelie penguins have the 
greatest potential as possible indicators of second-order 
effects of krill harvests. 

crabeater ~ 

These abundant, pack ice seals are well suited to 
detecting regional or area-wide changes in krill 
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availability. Past studies investigating their reproductive 
and growth parameters have provided evidence of responding to 
ecosystem perturbations caused by commercial whaling. A 
collection program, carried out at various pack ice sites 
around the continent, should be implemented to provide 
specimen material for analysis of aspects of reproduction, 
growth, and feeding. 

Antarctic .f..l.l.r. ~ 

This species can provide information on local krill 
availability near shore-based sites during the pup-rearing 
season. Particularly promising are studies of feeding trip 
and pup attendance behavior. Because fur seals do not have a 
circumpolar distribution south of the Antarctic Convergence, 
monitoring studies of this species will only be possible in 
the Scotia Arc region and east to Bouvet Island. 

Adelie fillQ Chinstrap Penguins 

These species seem to have the greatest probability for 
responding in detectable ways to localized changes in krill 
availability. Replicate data sets taken over a series of 
years at a network of monitoring sites would provide a good 
basis for assessing relatively small-scale harvest-related 
perturbations. The deployment of automatic recording 
equipment and telemetry gear will greatly facilitate efforts 
to monitor behavior of large numbers of penguins 
simultaneously. 
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Appendix 1. Fisheries tables for Antarctic living resources. 

Table Description 

A Naninal catches by species in Area 48 

B Nominal catches by species in Area 58 

C Nominal catches by species in Area 88 

D Nominal catches of fish, crustaceans, and molluscs 
by countries or regions in Area 48 

E Nominal catches of fish, crustaceans, and molluscs 
by countries or regions in Area 58 

F Nominal catches of fish, crustaceans, and molluscs 
by countries or regions in Area 88 



fable A Nunlnal r.atches by spe:: les in Area 118 (Southern Atlanl.lc Or.ean). Catch tot.,ils given in lllf'trlr. tons. 

-- -·-- ·-~---- ------- --------- -------------·· - ---•----- ••••••-•••H•--

<)jlf"'-: iros 1970/71 1971/7:.> 1'177/73 1973/111 ]9711/75 1975/H, 19/b/71 l91l /7fl 1978/79 1919/80 l9fl0/fll 

----·--·- --- - --------- ·---- - ---------- ------ -------
Mir.runeslstlus austrnlls 3 27 
MPr Jucclus huhbsl 1687 
Gmlifo~s 1-£1 J 9 
Nntothenia rnss ii 11800 llMXJ 8120 51113 061\7 115381 l5CY1 
Not.ot.henia glhherlfrons 51(XJ \070 15997 D36l IU\ll6 fH5lt 
Nolot.henia sq,mml frons 1100 400 1600 300 5lll 5l(XJ 1168 780 '/Fl 611 
Nntolhenla g,ntherl 3004 15011 7581 l61~,8 
Not.othenl irJae 11751 2277 2505 lll5l Lill 
('h;i<'r-oceriha !us ncerntus ?9l 151i~(J9 l1lJIB 3790 l'/l'J 
Chm1psocP.JJt1n I 11s q11nner I 5200 2100 tom n1,m lf196Ul l l6ll1 580!0 13'110 ll6U/ 
PsP11rlocllar,n ld,thys Sfl, 16/J0 7 l IJJ HZ2 IMI 
!.'ll i1.morirncn 5p. J'}/19 /ll 
Chnr1-.1c1r;"-fC0 wi I snnt llll lU 956 
U1;imlchtt1y lt!'1!' 769 [6(,1] ,,551, 
IJ I ss,,s tl ,:t,us r.lP9lr-ollles 1656 972 Bl 261 •n 
Raj\ formes 8 I Z"/_lt 120 

M~rlne fishes 1-£1 600 1900 300 2?796 7495 5633 68()1• 14} I.I N 
-I'-

E.tJµhausia 9-Jperba 217()') 3B9!XJ 'j71 1()679/t 8992.1 26(,5_111 }56918 2851.1 l 

Squids 1-E I 2 

Total 17600 2500 400 262!XJ 39700 110221 265[ 78 293220 388798 453176 38141} 



Tahir II . Nr,n Ina l catches hy spec les In Area 58 (Southern Indian Ocean) . Catch totals qlven ln metric tons. 

- ... • ··-- -------. ·•··- -·-- . - - - --· ···--- -·-·· ··•-- -- ·-·--· ---·- - ___ .,_ - -·· - -- ····-· ···-·-- - .. . ·------- -- ---
'-;,,n :IPi; 1970/ 11 )911/Tl 19/'///} 197"1/llo . 19711/ ,~ 197 '.,/ 16 l'.JT6/ 77 1917/78 1918/79 1979/80 1980/81 

... - ------------- --·---·-------------·--•·------
N11t.nl.h<!nlA ro~r,I I 1497CXJ J7Ml0 2500 24100 7800 1,300 35255 10097 177.3 6866 .... 
N11I oth,-.n ln o;qurunl froric. 765(() 510[J) } I Ill 79/HXJ 69(XJ 5}[JJ 7.06(J) 12196 1307 15642 9142 N 

U1 
l'lt•11rnt1rl1IIWTIH ur1len:l li:11n 2}4 
1;to:,1111'i<11:r,pl1;,l11s q11nrorl 49900 15700 7200 46100 991JJ 7400 ">11200 29135 101 14}3 519 
1:1tmu1lr.hlhys rhlmr.en1tus 82 4 
Ill ~,;n~t. lclll1S eleqlnollles 201 3 188 38 

M;irlne fishes t-£1 3400 8700 300 2000 400 400 254 1174 1218 239 396 

fa1pha11s IR SllpeftJII 643 1081 22ff> 1238} 52844 65431 120047 160069 

Total 229500 112800 13100 102243 26081 19666 122700 107463 68060 139276 177030 



Tabl.- C. Naninal catches hy species in Area 88 (Southern Pacific Ocean) . Catch totals given in metric tons. 

Spe.c ies 1970/71 1971/72 1972/ 73 1973/74 1974/75 1975/76 l 976/ 77 1977 /78 1978/79 1979/80 1980/81 

r rematorus t r1311at.omi 583 
Pleurayremma 111tarcticun 1517 

MarirlP. flshe-; r-£1 23 200 

Euphausia superba 3355 36 600 :rnao 

Squids r-£1 391 

Total 3355 450 BOO 5180 

Table D. Naninal catches of fish, crustaceans' molluscs by countries or regions in Area 48 (Southern Atlantic Ocean). Catch totals in metric tons. 
N 
0\ 

Country or region 1970/71 1971/72 1972/73 1973/74 1974/75 1975/76 1976/77 1977178 1978/79 1979/80 1980/81 

Bulgaria 500 2088 3408 1225 
German OM RP 790 10313 4961 9970 8279 
Poland 21 170.54 63524 371186 17928 176'.i6 
us~ 17100 2500 400 26200 39200 40200 247334 217295 342943 42405.~ 361478 

Total 17600 2500 400 26200 39200 40221 265178 293220 388798 453176 387413 

1981: this fishing area e~cludes the waters lying bet .een 550 and 61)0 south lAt I turJe and tielween 500 and ro□ west longitude. 

l9m-OO: this fishing area includes the above mentioned waters. 



TAblf' E. Ncmlrnl catches of fish, crustaceans, And molluscs by country or region in Area 58 ( Sollthern Indian Ocean). Catch totals in metric tons. 

Country or region 1970/71 1971/72 1972/7} 1973/74 1974/75 1975/76 1976/77 1977 /78 1978/79 1979/80 1980/81 

Japan 643 1081 2266 10517 26063 36909 36283 27832 
Pol And 432 383 
U'...SR 229500 112800 lJlOO 101600 25000 17400. 112183 80968 31151 102610 149198 

Total 229500 112800 13100 102243 26081 19666 122700 107463 68060 139276 177030 

Table F. NlJTilnal catches by country or region of fish, crustaceans, and molluscs in Area 88 (Southern Pacific Ocean). Catch totals ln metrlc tons . 

Country or region 

Japan 
Pola-id 
USSR 

Total 

1970/71 1971/72 1972/73 1973/74 1974/75 1975/76 1976/77 

3355 

3355 

1977/78 

391 
59 

450 

1978/79 1979/80 1980/81 

5180 

5180 
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Appendix z. Response of the BIOMASS Working Party on Bird Ecology 
to questions submitted by the Scientific Committee of the Commission 
for the Conservation of Antarctic Marine Living Resources. (SCAR/ 
SCOR, 1983~). 

1. What, if any, species or populations of Antarctic birds might 

function as useful indicators of local, regional, or area-wide changes in 

the Antarctic marine ecosystem caused by harvest of krill or other 

populations of Antarctic marine living resources? 

The use of seabirds as potential indicators of changes in Antarctic marine 

resources resulting from co111m.ercial harvesting was formally addressed by 

SCAR in 1978 (SCAR Bulletin No. 60, Polar Record l.2_: 304-307) when species 

(penguins and albatrosses) and sites (widely distributed in the Antarctic 

and sub-Antarctic) were selected according to specified criteria. This 

initiative was subsequently developed by the BIOMASS Working Party on Bird 

Ecology which discussed the principles and aims of this approach and 

appraised some of the basic methods available for use with the selected 

species (BIOMASS Research Series 8 : 15-21 (1979)). The Working Party 

reviewed the progress of development of field studies in 1980 (BIOMASS 

Report Series 18 : 16, Table 2 and numerous tabled papers referenced in 

Annex 2) and 1982 (BIOMASS Report Series 27 : 2-4, Annexes 2 and 3), when 

the results of questionnaires, circulated to all scientists and groups 

involved in current and prospective studies relating to monitoring 

objectives were published. 

These documents all affirm the desirability and potential feasibility of 

using selected species of Antarctic seabirds to 1DOnitor changes in the 

Southern Ocean ecosystem. 

2. What are the factors that should be considered, including the 

possible use of controlled experiments, in order to detet111ine whether, 

what, and how selected bird populations might function as indirect 

indicators of harvest-caused changes in krill or other harvested 

populations of Antarctic marine living resources? 

The Working Party found this question difficult to interpret. It was 

assumed that the requirement was to assess how evidence of relationships 



between changes in prey 1toclr.1 and the predator para.meter■ ■elected for 

aonitoring aigbt be ■ t be obtained! 

1) By integrated 1tudie1 of Ir.rill abundance and di1tribution within the 

foraging range (both area and depth 1trata} of breeding population, of 

penguin1,vhere concurrent aon1toriog 1tudie1 are ·being carried out. Such 

1tudie1, which 1bould ideally be conducted during the chick-rearing period, 

rill need repeating over 1everal aea1001. 

2) By assessing the responses of the 110nitored parameters to programmes of 

experimental overfishing within the foraging range of breeding penguins. 

In conducting such experiments the following criteria are important: 

a) adequate baseline data from monitoring studies should already exist at 

the experimental site(s). 

b) The actual fishing operations should be preceded and followed by 

detailed evaluation of stock levela, demog_raphy and distribution. The 

fishery catch should be similarly analysed in detail. 

c) Relevant biological and physical oceanographic parameters should be 

monitored throughout the whole period surroundiDg and including the 

experiment. If possible,comparable sets of data covering several seasons 

should already be available for the area. Because krill distribution and 

abundance is intimately related to such phenomena in the absence of such 

data it may be difficult, if not impossible,to interpret the results. 

d) Control sites, in the same general area but outside the influeoce of 

the overfishing experiment, should be established at least for the season 

of the experimental study and, if possible, for several seasons before, so 

that natural variations between control and experimental colonies may be 

assessed. Oceanographic data for such areas are also desirable. 

3. What ia the nature and adequacy of existing population data and what 

are the types of studies that would be required to establish a suitable 

basis (baseline) for detecting and monitoring changes and trends in 

potential indicator species and populations? 

The nature and adequacy of existing population data has been discussed in 

the publications aentioned in the response to question 1. 'nle types of 

studies potentially suitable for detecting changes in indicator species are 

discussed in aore detail in the response to question 4 below. 
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Basically there ia a fundamental need to maintain long-term studiet. It 

should be recognised, how-ever, that without extensive financial and logistic 

support, it may 'be impossible to annually aonitor the full range of 

selected variables, Short-term (3-5 year) periods of intensive study at 

the appropriate interval• may be a suitable compleaent to annual,long-term, 

lees intensive studies. Intensive studies will, in any case. be needed in 

order a) to develop a knowledge of which are the 110st sensitive parameters 

to measure,and b) to allow the development of technology appropriate to 

handling the sample sizes required to give adequate prospect of 

statistically valid results. 

4. What are the types of long-term monitoring studies, including 

possible study locations and sampling frequencies (periods), that are likely 

to be most useful for detecting and assessing the possible significance 

of changes and trends in selected indicator species or populations? 

In response to this question there are a number of fundamental points that 

need consideration. 

1) Ari important and probably critical element of predator-prey relations 

occurs during winter and thought should be given to assessing the results 

of interactions during this period as well as the more direct investigation 

of summer interrelationships. 

2) There has been no analysis to determine which are the most sensitive 

or the most important parameters to measure either in terms of a) comparing 

variances associated with them,or b) assessing their response to known 

changes in environmental !eatures. Consequently.selection of parameters 

must presently be based chiefly on relatively limited experience, educated 

intuition and, to some extent, judgement of feasibility. 

3) While it is useful to record breeding population size and breeding 

success, variances associated with these are large and detection of change 

therefore requires extensive data series. Interpretation of the causes of 

any changes would be difficult, if not impossible, without additional,more 

detailed,inforuation. 

4) Only the use of penguins as indicator species is considered here, and 

then only those species known to depend largely (in summer at least) on 

Antarctic krill Euphausia superba. In the sub-Antarctic (and possibly the 

Antarctic) there are some additional seabirds(e.g. Black-browed Albatrosses) 

that may also be suitable indicator species and much of what follows would 

apply equally to them. 
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Potential indicators of rlnter food availability 

1 Arrival weight 

2 Breeding population size 

3 Overwinter aurvival (of marked adults from the previous year) 

4 Fecundity (percentage of marked adults that bred last year breeding 

this) 

Potential indicators of summer food availability 

1 Length of incubation shifts (especially first male shift) 

2 Breeding success (and especially the pr~portioo of desertions during 

the first male shift) 

3 Composition of diet 

4 Size of meals delivered to chick(s) 

5 Duration of foraging trips to sea 

6 Chick weights at fledging 

7 Adult weights at time of chick fledging 

8 Adult weights before and after moult. 

A number of other parameters could have been added to this list but those 

above are judged to be the most important. The following comments should 

also be noted: 

1) Large samples will be required if there is to be a realistic chance 

of detecting changes in the relative short-term. 

11) To measure adequately all of the above parameters would require at 

least two people full-time on site from November-March, plus suitable time 

and facilities for data and specimen analysis. 

111) The feasibility of such work would be greatly enhanced by the 

development and deployment of suitable automatic recording equipment. 

In particular, the use of weighing platforms (perhaps with guide fences) 

across the main access route to the colony, coupled with data logging 

recorders (and perhaps even time-lapse cameras) would greatly improve the 

quality of monitoring of at least four of the above parameters. 

Use of radio tran~mitters together with ·autoroatic _ recording equipment in 

the colony is probably the only way to obtain adequate samples of the 

duration of foraging.trips to sea throughout chick rearing. 
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It 1hould be emphasi1ed that neither of these methodologiea has yet been 

adequately developed or field tested, If experience with other seabird• 1• 

any guide then at least two seasons of field trials will be needed, It 11 

obviously desirable to start such work as soon as possible so that detailed 

monitoring studies uy commence without delay. 

iv) Changes in the parameters listed above may also be manifest as 

changes in the structure and dynamics of the study populations. B.esearch 

on seabird population dynamics is a major undertaking and we have not 

reco1111Dended such studies as part of monitoring operations. 

Nevertheless such work is fundamental to understanding the significance of 

chsnges in population size and other parameters in terms of their long-term 

influence on the structure and functioning of populations. We strongly 

recommend that such research be supported, especially in conjunction with 

the type of monitoring studies outlined above, 

Sites 

Ideally there is a requirement for a network of sites, covering areas 

within and without zones of imminent potential exploitation of krill. 

However, the type of monitoring operations envisaged above are only 

feasible at sites where the existing logistic support and facilities are 

adequate, Bearing these considerations in mind the following sites were 

reco111111ended: 

Adelie penguin : Syowa* (Japan), Pointe Geologie* (France), Davis 

(Australia), ? Casey (Australia), Palmer Station (USA), Point Thomas, King 

George Island (USA/Poland), Signy Island (UK). [*Providing E, superba not 

E, crystallorophias is the ·main constituent of the crustacean diet.] At 

least one other continental site and perhaps one in the Elephant Island 

group would be desirable, 

Chinstrap Penguin : Palmer Station (USA), Point Thomas, King George Island 

(USA/Poland), Signy Island (UK). A site at the South Sandwich Islands 

would be highly desirable, 

Macaroni Penguin: Bird Island, South Georgia (UK). A second possible site 

might be at Kerguelen. 
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Frequency of sampling 

Thia will need to be annually initially in order to eetablish 

pre-harvesting baeelines. Analysie of these data should indicate the 

extent to which lees intensive programmes are feasible and suggest what 

frequency of repetition is desirable. 

Collateral information 

1. It is axiomatic that data on krill abundance and availability from 

the vicinity of monitoring sites would be of the greatest utility. 

2. Meteorological data from the study site would also be advantageous 

and the use of automatic weather stations to collect such information 

should be considered. 

J. Ice cover information, especially during the breeding season but also 

in winter, is of particular significance, as it is known that ice can be a 

major influence on penguin breeding success. Relevant satellite imagery in 

respect of all appropriate sites would be necessary. 

Protection of sites 

All sites selected for these main monitoring programmes should be gazetted 

as SSSis in order to minimise disturbance and interference. 

5. What is the possible utility of sighting data or other data that 

could be collected opportunistically from vessels engaged in ,fishing or 

other activities in the Convention Area and, if potentially useful, what 

are the types of data that should be collected and how should they be 

recorded and reported to be optimally useful? 

There is no prospect at present that such data could eerve any useful 

function either in a monitoring capacity or even as an adjunct to such 

studies. 
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6. What is the time that would be required to develop meaningful 

baselines and to detect different levels of change in selected indicators? 

To develop meaningful baseline data at least ten years of long-tera low 

intensity study or five years of high intensity research will be required. 

However.- to obtain valid data for many key parameters. considerable 

development of techniques is required in order to ensure adequate samples 

and that measurements are being made in the best way. It is estimated that 

this would require seasons of field work. 



- 135 -

Appendix 3. Current seabird monitoring studies. (SCAR/SCOR, 1982a). 

s.,.c1 .. Site ••tiot1 Start Foequcnc7 11.1 in covnt ol Metho4 lrudln( 
Intubation lurina Coloa:, Saaplc Succ••• 

Eaperor Kloe (AUS) 1957 e in 25 ., X I 
pcnauin Fold II (AUS) 1956 13 i11 25 7 X I 

Taylor Cl (AIIS) 1954 ~nnual X I 
Auat1r (AUS) 1957 10 in 25 '1 X I 
Pee Ceoloai• (Fl.) 1952 annual X X l 

r.i111 Pouu1io11 I (Fl.) 1980 5 1 X X (vl,uto) 
pcn,uin kie du Madn (Fl) 1980 annual l l X 

Adclie Mavlotl (AUS) 1955 C 5 '1 · l " penauin Davfa (AUS) 1960 C 5 '1 I I I 
Cue, (AUS) 1961 9 in 20 y l I 
Pal-• baH (US) c1974 annual l l 
Palmer hlanda (US) 1978 annual X I 1ome 
Pt Thoma• (US/POl.) 1977 annual X l X 
Si&D7 l (~ 1978 anoual I I l 

Chinstrap Pt lboma1 (US/POl.) 1977 annual l l I 
pcn,uin si,n:, I (UK) 1978 annual I I I 

Centoo Pt TI,011111 (US/P0t) 1977 annual X l I 
penauiD Sien:, l (UK) 1978 ·annual X I I 

Bird I (UK) 1976 annual I I I 
P011e11ion l (n.) 1978 annual l I 

~c.aroni Bird l (Ill() 1976 annual X I I 
pc:nguiD Po11e,1ion (rR.) 1980 5 1 I X(photo) 

Marion I (SA) 1980 annual I I I 

1-Dckhopper Ponulion 1 (Fl) 1980 5 1 I I 
pencuin Cou&h 1 (SA) 1982 annual planned· I I 

!i,.'~nderin1 Bird 1 (UK) 1970 1001.111 I I I 
albatrou Pr Edward (SA) 1973 5 in 9 'I X I 

Marion I (SA) 1980 annu.al X I I 
Po11c11ioa. I (FR) 1966 annual I I 
:iacquarie 1 (AUS) 1950 annual I I I 
Cou&h I (SA) 1979 annual I I aome 

llacl<-broved Bird 1 (UK) 197S annual I I 
ilbacrou Macquarie l (AUS) 1974 annual X I X 

Crey-hudcd Bird I (UK) 197S annual X I I 
alburou Macquarie l (AUS) 1974 &nnual X l I 

Ye l lov-nosed Cou&h I (SA) 1982 annual plaMed I I I I 
albatrou 

Sooty albatrou Po11e11J:oa 1 (Fl.) 1980 s '1 I I 

L K Sooty P011e11ion (FR) 1980 s ., l I 
albatrou Kacquarie I (AUS) 1970 annual I I I 

Sou then, Pte Ccolo,ie (FR) 1951 &naua1 I I I 
ai•nt .p<0trel Bird l (UK) 1978 5 ., I I 

Po,se11ioa. (FR) 1980 5 1 X I 

Xorthen, Bird I (UK) 1978 S 7 I I c iaot petrel Po11eulon (Fi) 1980 s '1 I l 

Antarctic fulmar Pte Ceoloci• (FR) 19S2 annual I l X 
Snow petrel Pte Ceoto,i1 (FR) 1963 ■ nnual X I J: 

Signy I (Ill() 1976 annual X I I 
Cape petrel Pee Ceologic (FR) 196, annual X X X 
Antarctic:: prion Signy I (UK) 1976 annual X l I · 
Uilaon' 1 Pee Ceo!ogie (FR) 1962 annu.al X X I 

1-tora petrel 
Artt.arccic &lcua Pee C•ologie (FR) 1968 annual I I I 
1ub-Antarctic Bird I (UK) 1976 s '1 X 

,kua Po,1e1,ion (FR) 1980 s 1 X X 
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PREFACE 

111c Wortint Pan, cm Bird Ecoloa produced the bail fot the infonnation ill dlil 

Haadbool .. u Anna to BIOMAS.1 Rcp,rt No.. I • Alltarcuc Bini Bioloa-

Bec:ause ol lbc pnctical importance ol loaaterm IIIOllitorin1 stlldies ol !C&bitdl to lbc 

ob;«tives ol BIOMASS, ii wu thouaht mcful to make informalioa oa the CWT'Cllt sl1u.ation more 

readily and coovenicntly available. 

INTRODUCTION 

lo. fundamental ob~~ ol BIOMASS ia lbc development m maM&=enl planl and 

stnlegies designed to promote and CIISIIR ntiortal commcn:ial e.iploitatioa cl marine livirll 

ffSOW'CCS (cspoci&ily krill, but aho fish and squid) within the Southctn Ocean sysum. £.tensive 

harYcsting ol • "'50\l1Ce by man will 11oc only affect the status cl exploited nocb but m\lSt 

incviubly be at the e.ipense of other consumers. 

Bo::all.SC Antarctic fishmcs a.re in ·theil infancy, ii ii DOC pouiblc to detonninc the 

magnitude ol th= effects by "'aluatin1 cat.:h stalistic:s and fishery data. It ii lhcref'o~ imporwu 

to ~ the present status ol populations ol selected pRdator species, and 10 -it to correlate 

any sub<eqU<:nt chan gcs in bre.dinJ numben and rq,roductive pcrlonnance with changes in 

abundance ol prey stocb and especially those which may arise followin1 the advmt o( Q:>mmcrciaJ 

exploitation. 

Seabirds arc clearly the most convenient and acc:cssible group with which to attempt to do 

this.. Already for most Antuctic: and sub-Antarctic penguim it bu been pouible to demonstrate, a& 

some locations, iDcna.sc:s in brecdin1 population size over the tut ~JO yean. These chances bave 

boa widdy mtcrpreted as due to the iDcrcued availability at krill to pc:nJUW f0Uowin1 the 

larJHl:&lt nr:IIJl;OOII ol belcm whale siocb. Had the popu1atioa cbanaes been smaller or data Ollly 

available for a sbonct period, however, it ia doubduJ wbctha' - chaoses would ba~ bem 

aoti=I. To meec the present requiremenll it ii thcrdore essential to estab!islt. a comprehensive 

syuan or detailed monitoria1 studies oa • loallfflD buis. This a1,o fulfils ~mendatioa 14 ol 

the BIOMASS Group or Specialists" Tecb.nic:al Group oa Data. Statistic:I and Rcsoun:c Evaluation. 
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AIMS 

I. To cs11blis!I I ICria of monitorin1 Sludiel to provide rqular infonnalioa 011 bmdin1 

population size and aspects of breedin1 succcsa oa I lonatffffl basil. 

2. To msW'C tbal lhac Sflldics are conducted ., 11 to provide prey populatioa stallll indiciel 

which are poec:nrially ,msilive 10 possible chanp,s ia resource abundance. 

SPECIES AND SITES 

Al XV SCAR in 1971 the subcommittee on Bird Biology pr~u,d an in1erim lisc of 

~mmenc:lations for longtenn moni1orina of wlcc1cd seabirds at certain loc:&Jities and specified 

inlervals and requested inl'ormatioo on such programmes involvin1 tbcsc sites and species. On the 

basis of the information provided, a l'CYision of currenl and recommended monitorin1 sites and 

species is pres<ented in Tab~ I. 

The crilcria on •hich 1hes<e rrcommmdations &re btied &re as follows, 

(a) Species that &re 1he major componenl or bird biom&SS either in the Ant&rctic zone 

(Adelie Penguin), sub-An1&rc1ic zone (RoyaVMacaroni Penguin) or in a large, bul 

more rcstric1cd area (Chill5trap Penguin on the Anwctic Peninsula), and which 

(=I on krill. 

(b) Species that are major consumen of ~uid and hence probably importanl Ir.rill 

predaton at the secondary level (e.1- King Penguin). 

(c) Species. witb a small •orld population. wbicb might be panicularly vulnerable 10 

prey s1oclr..changcs (c.1- Wanderins Albatross). 

(d) Sites at which relen.111 baseline data &re already available or appropriate research 

being undcrukcn. 

(e) Sita which provide a &ood geographical change in lati1ude and long:i1ude and 

which include lhosc both near and rar from areas likely 10 be subject to extensive 

exploitation. 

It should be noted tha.r 1bere are at present actively monitorin1 proarammes on species noc 

indicated in Tab~ I, e.g. on Emperor Penguin at Adclieland, Blaclr.-browcd and Grey-headed 

Albatrosses 11 South Georgia 
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i 

TAIU! I. Location ol populationa ol indicator species selected ror moni1onn1 101e1her wirb 

Spooia 

JC.in, 
Pmpi■ 

ltu,-.aV 
M ... · . .m.,i 
P ... -n1-u1n 

sca1111 of monitorin1 prosn,nmes. · 

ii..c"""' 
Marioio lllMd 
Goup Island 
Sou••OtorJia 
MocqUArio Island 
c .... rt,ca anc1 
A.:kland I.Jandl 

Ila Cmut 
1t.,. ...... 
Marion l.t&nd 

Sou•• G..>tJia 
M"'-'4"""' 1-bnd 

C"!'<Cn>m 
Palmer S1.a19on ara 

.,,,.nr Thnnu., KinJ ~v~ l...bnd. 
Si,u1t, Shnu..,_ 
Cap, Bird 
Sif•> I.JanJ 
Houmon) P1•n1. S,.-N,r,n J,la,-J, 
Sourh Sh<rlJnJ.. 

R..all·n,- r .. lJIIU"I 

\IJ., .. 'lfl .uk.l C1:"'-.') ;arc~ 

EnJi.-rh~ L.rnJ 

.'l.t:.a ..... lfl .inu <:~ .. ,~ 
EnJ<mi I ..,nJ 

AJ11.·hd.anJ 
s,.c, .... St.,101111 

Bin.I IJanJ. S..1t11h \"'-,"la.a 

\4J.,·~u.an.:- IJ.and 

M.a~,nf~ 

lk dt ~ ''""'<'~'" 
Kcr1uc!.cfl 

OrQm I~ An1,1mi,: 
P1N11"'-Wb 

P<'inl n. ...... ltin1 ~• !,Janel. 
S<>u1h Sh<luncl, 
HarMua)' Pninc. NcMII\ bland. 
S....1h Sh<tt.nd, 
S<>u1h Ona.y I.Lands 
South Gco,-1'" 

Si1nJ llland 

F,._ 

Sou1• Alri<a 
Soul• Africa 
U.lt. 
AIIMralia 
N.., Zaland 

F..
Fnu,ce 
Souch Arri.:a 
U.lt. 
AINDJa 

U.S.A. 

U.S.A.. 
l'.S.A.1Prqnc1 

s.,.· znt.nd 
Ult. 
Clui,, 

'-~ Zr.aLand 
A.u~r.1li.1 

Au,rr.1h.:a.. 
S.1~1h Afn..· • 

A ~~r.,lu. 

S. "°!rh .\f"'-~ 
frJ·,-;e 

1:.iN,n 
l' K1 
Au.Jr~li..a 

I s. ... ,~ Afn.-. 
Fr;;anr,;C' 

Fran..t-r 
l 

U.S.A. 

I 
U 5.Ai' Poland 

~k \ 

U.lt. \ U.lt. 
U.lt. 

\ 

I 
\ 

I 

\ 

,..,. 
llecom__.. 
Acti .. 

Acti .. 
Acti,,c 

A..11w ·---
llft:nmm<ftded 
11..:,.,,,mmdcd 
A1."li"e 
Ac:liW'C' 

A..:1ivr 

lla-amm.nckd 
A1.ii,c 

.41.,i,c 

Jla.·,,mm<ftdcd 

A1.1n~ 

Ra:ommc-1w.lcd 

Rf\."'Dffl:mrT'drd 

Rt\.-ommcndtd 
litl'\:ommcnJ(d 

lt~:,,mnk·n,kaJ 

Rl'\.'llfflfflCndai 

Rn. ... ,mmcndcd 

A \'.11\C 

A1.11\C' 

A1.'1IVC 

lni1i.11cd 

JC.a:ommc"ndcd 
R«omrncndl'd 

Arn.. 

Jn.ilialcd 
Jni1ia1ed 
Ac-tiwe 
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GENERAL PRINCIPLF.S 

I• the praent coatut then are essentially three types ol monitorin1 study that . may be 

IIDdertaka: 

(a} Bteedias&Ulheft 

~ts ol the number ol brudin1 pain ol a ,~iea al a particular site, repeatin1 

sucb COWIIS al • similar date (normally as sooa after cu layin1 11 possible) ill 

sucucdin1 seasons. 

(b) Brted!si1 --

Annual counts of pain breeding. eggs hatched and chicks nedged. 

(c) Dttailed 'breedln1 perf-uce 

Periodic weishin1 of large samples of chicks of known age to determine population 

mea11 Jm'lllh rates. complemented by the collection of data 011 meal size and 

feeding frequency. 

Type (a) studies represent the minimum requirement for a monitoring programme. 

Type (b) studies enable <bta on breeding performance to be compared with any available 

information oo the status of appropriate prey stocks. 

With type (c) studies. the information on f~ size, feeding frequency and grow-ch rate 

forms a potential indu or the status of prey stocks. Althoush this is the mo,( u.seful type of .iudy, 

ii must be emphasized that it required very careful planning, large sample, or bird! and e•tmsive 

field manpowc:r. 

It is rcoommenckd that: 

1. Each type ol study should: 

(a) be conducted usin1 separate colonies. or separate areas ol large colonies (if the use of 

suitable photognphic techniques is feasible, it may be possible to conduct type (a) and 

(b) 5tudies al the same colony). 

(b) hue appropriate control colonies or areas established to assess the effect ol the 

mo0itorin1 disturbance. 
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1 All srudia should be pvca a rqu.lar Jon1-1cm1 cx,mmitmenl (I.I lcu1 20 1ean). 

l Studicl sbouJd be establisbed ill anu free flOIII ocher distlUb&nc:e. Whcrncr 

pou,-ble, lhc siics should be ~ marked ud 1CCC11 ratricled IO lhc moni!Orin, 

YisitL II maJ be desirable ID investiple the possibilit)' Illar 00QC lbe moni1orin1 

wo,t ii esl&blished, - sila should be proposed u Sites ol Special Scicn1iflc 

bstaae. II ii aha ilnporUDI IO oonsider whether these ralric:tiom oa land-b&Scd 

disturbance should be c:omplmieutcd by the ~blisbment I.I some sites, desip,c,d to 

save a control upcrimen11, al ■ bu on ftsbina ror krill within the rorapna range 

ol bnedina pcnpim. Tbil topic needs further investigation. 

4. SIUd)' colonies or ■.re:as of large colonies should be selec1ed bcarina in mind th■ 1: 

<•> brecdina ~ ma1 be mnuencec1 by: 

(i) colony size • large colonies tend to have btlter success; 

fu1 nest position • birds at the centre o( colonies h■vc ,-reater su=; 

(b) a nearby vantage point may permit photographs to be talr.en and enl&rgcments used to 

make count.s., thus reducin1 disturbance to a minimum. 

1. Suitabl~ ground-controlled aerial photographic techniques should be developed to 

minimize moniioring disturbance. 

6. ~ th·• age of breeding birds also infiucnus reproductive succeu, sludies should 

ideally be conducted or esublisbed at colonies conuinin1 a sub.tantial proponion 

of known-age birch. 

7. The quantitative compositioo ol the diet ol the species monitored at each site should 

be determined and d■t■ .OIi inter- and intra-season vari■ tionJ obtained. This work 

should not be carried out in the KtUal colonies selected for monitorina. 

I. Counts should be aiade on approximately the same data each season, whenever 

pos.salile. 

9. Aa physical environmental conditions are imporunt variables inl1uencin1 dwlaes in 

siz.c or success al ■ breed.ins population (e.a. by causin1 direct mortality iii cold 

•eather, OI' 111:tina indirectly by causin1 poOI' reedina conditions, cc del■yilla -

al breeding), attention should be pven to keepina a basic record ol the principal 

meteorolopcal phenomena. 

10. Interpretation of resulu is likely lo be greatly assisted by c;onduc1in1 monitorin1 

studies on several species in the Yme general area. 
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METHODS ANO TECHNIQUF.S 

On the bail al infonnation provided on mctlloda and 1ec:hnique1 curmit!y bcin1 l&ICd ia 

monil0rin1 11udia oa the scl«ted specie1, cbe rollowin1 comments and ~lions art 

made: 

Wanderlna Albatrosa 

The brcedin1 population or chi, species hu been dcclinin& aver ricent yean at Macquarie 

Island and South ~r&ia, ahhouah there is no evidence that this ii related 10 chan1es in prey 

stocb in the vicinity or the bra:din& sites. 

I. Counts or breeding bird, should be made u soon after eg-layin1 as possible 

(end or January). 

2. Counts or chicks hatched should be made in early April 

3. Counts or chicks 1h11 will ncdge should be made by about mid-November. 

4. As the species breeds biennially, if successful, it is: 

(1) important to ensure that counts are made in successive sea.sons; 

(b) useful to establish what proponion of birds failin1 in one sea.son breed in the 

ncit. 

King Penguin 

Most breeding populations or this species have increased i11 rec.,nt yean. in some cases 

substantWly (e.g. a four-fold increase since 1936 at South Geor,ia). 

I. Current brecdin1 bio,ogy information is inadequate to determine the precise nature 

ol breeding periodicity. As breeding is also poorly synchroniud. it is impossible at 

present to obtain sufficiently accurate data to mm monitorinl scudies on an 

annual basis wonbwhile. 

2. Mid-March is probably the best time for counts. as 11 lhc Indian Ocean island, 

early breeden an, broodin1 small chicks and late breedcn incubating. while al 

Soul.b Georp there will be a muture or incubatin1 and brooded adults and also 

well developed chicks. 

3. Aerial photographic c;cnsus techniques are ideal for chis species which brCffll on 

large upan,es of level ground, providing adequate ground data can be obtained for 
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calibntioft purposes. F1yin1 al1i1udes of appro•imatel:, ,00 m probably rcpresalt 

the ~ .-ompromi.se betwCffl minimizina disturbance and mainuu11i111 adequate 

rcsolu1iofl. 

Adelle Penauln 

Thia species has i11crcased i11 numbers in the more nonhcrly parts of iu ranac (e.1- South 

Orkney Islands) bur insufficient evidence is presently available ror Antarctic continent colonies 10 

assess the si1ua1ion there. 

I. Coun!S ol breeding pa.in should be made. as soon after cgg-layina u possible, on an 

annual basil. 

2. When coun!S ol chicu near nc<1gin1 time are required, che colony chosen should 

be well isolated rrom others 10 prevent the chicks joinina those rrom 01her colonies 

in a sinJ!e creche. 

l. Ir photographic census techniques cannot be used, small colonies un probably be 

counted individually without undue disturbance. urge colonies would need to be 

estimated by some kind or subsample coun1in1 techniques (sec Royal/Maurorti 

Pensuin). 

Cbi.-lstrap Penguin 

This species has increased dramatically in both breedin1 ran1e and numbcn over the last 

JO yean. At • South Orlcncy bland sire. its ra1c or increase has been three times 1h.a1 ol Adelie 

Pmswn over the same period. The pro=lurc outlined above (1-3) for the Adclie Pcnsuin should 

be rollowed. 

Royal/Macaroni Pe11gul.D 

I. Counts of brecdina pain should be made. as soon alter egg-laying u possible, on an 

annual basis. 

2. Al some loc:alitics, this species breeds ift lar1c colonies on rlat ground. V cnical 

aerial photography (11 approximately 300-500 m) is probably most suitable both for 

calculatin& the ovei-all area of 1hc colony and for obtainins enla.r1emcnts of 

photographs rrom which breeding densities in s.amplc a.rcu can be determined. 
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l. More typic:ally, however, the •• colonies arc situated on sleep slopes. Oblique 

photosnph7 may be appropriate in thae cin:umstanca 

4. Fat accuntc moni1orin1 it ii recommenda:I that: 

(a) the area of the colony be dctmnincd bf ■ plane tahle suncy and subsequent 

planimc1ry; 

(b) r« countin1 purposes a belt tnnsect. noc !es th.an 5 m wide and divisible into 

contiauou, quadrants of DOC lcsa than 25 m' in area. be established from edae 10 

edse across a colony. The transect line should be permanently marked; 

(c) ■ subsequent count o( chicks hatched should be made by a similar belt transect 

positioned on the opposite side of the line o( permanent markers from that used 10 

dctmnine the number o( brecdin1 pain.. 

INFOR"1ATION EXCHA!'iGE 

It was proposed 1ha1 reports on active monitoring studies should be iubmi11ed lo the 

Working Party on Bird Ecology for circulation in advance of each m~ting of SCAR. 
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Appendix 5 . Response of the SCAR Group of Specialists on Seals 
to questions submitted by the Scientific Committee of the Commission 
for the Conservation of Antarctic Marine Living Resources, (SCAR/ 
SCOR, 1983b). 

The Scientific Committee of CCAMLR. posed six questions concerning the 
use of pinnipeds as indicator species. 

Question l 

What, if any, species or populations of Antarctic seals might 
function as useful indicators of local, regional, or area-wide 
changes in the Antarctic marine ecosystem caused by harvest of 
krill or other pop~lations of Antarctic marine living resources? 

Answer 1 

In order to determine which species are suitable as indicators of 
local, regional, or area-wide ecosystem changes, it is necessary 
to define the size of these areas and the species likely to 
reflect changes in krill availability on that scale. 

Local: is . taken to mean areas with a radius of approximately 300 
miles. 

Fur seals, both Al"'CtocephaLue 9a.aeHa and A. tr-opicaiis, are 
expected to reflect local conditions during the pup-rearing 
period. This is because the females feed locally, but then 
return to known sites on land. The foraging ranges of these 
seals d·efine the food resources that influence their indicator 
parameters. Weddell seals should be considered as possible local 
indicator species. Because so little is known about the foraging 
range and movements of crabeater seals, they are not yet to be 
recommended as local indicators. However, it ia recognized that 
crabeater seals may indicate local changes if their foraging and 
movements are found to be restricted to specific areas at certain 
times of the year. 

Re gional: u applied to areas on a scale, measured in up to 
thousands of miles, that delineate the main breeding stocks of 
seals. For pack ice seals, these may be associated '-'ith the 
di$tribution of the six · residual pack ice areas in summer. 
Crabeater seals (specialist feeders), leopard seals (generalist 
fae.ders. and elephant seals can be expected to be indicator 
species at the regional level. For elephant and fur seals these 
areas are centred on the main island groups. 
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Area-wide: i1 taken to be the vhole region 1outh of the Antarctic 
Convergence. Crabeater seal1, u circumpolar 1pedali1t 
krill-con1umer1, are the only aeal specie ■ likely to reflect 
ecoaystem changes operative throughout the entire Convention 
area. However, it i1 critical thst the unit population•, their 
abundance and 1110vements be defined in order to uoderetand the 
impacts of perturbations in different areas. 

Question 2 

What are the factors that should be considered, including the 
possible use of control led experiments, in order to detenni.ne 
whether, and how selected seal populations might function as 
indirect indicators of harvest-caused changes in krill or other 
harvested populations of Antarctic marine living resources? 

Answer 2 

Several factors can serve as useful indices of change vi.thin the 
Antarctic marine ecosystem. Parameter, describing growth, 
reproductive rates, population dynamics, and feeding ecology may 
all be useful in this regard. Census studies and estimates of 
population abundance are unlikely to be useful as indices in the 
short-term because of the relatively high variance associated 
with estimates and the probable long lag times required before 
trends can be identified. Such parameters can, however, be 
useful in two general ways: 

l. By making replicate measurements of parameters at 
selected sites over a wide area as part of a long-term 
monitoring programme and 

2. By indicating the degree of response to planned 
perturbations as part of controlled experiments. 

The first of these, long-term monitoring programmes, is discussed 
further below. The second, controlled experiments, should be 
considered for implementation as soon as practicable. 
Experimental evaluation of parameter response vill not only help 
to demonstrate the nature of responses, but will help to identify 
vhich parameters provide the most appropriate indices. 

The most practicable type of experiment appears to be one in 
vhich a suite of index parameters in several species, including 

birds, would be monitored for a period before subjected to a 
perturbation of their prey. Presumably this could be 
accomplished by establishing a monitoring baseline and then 
conducting locally intensive krill fishing. It vould not be 
necessary to attempt completely to remove krill from a certain 
locale; one or more levels of significant fishing intensity 
would suffice. It is necessary, however, that adequate baseline 
data on indicator parameters be available before the experiment, 
both in the experimental and control areas. 
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In designing an experiment, it will be of critical importance to 
ensure that the effect of variables 1uch as krill di1tribution, 
ocean currents, physical factor·, and time of year are minimised. 
The importance of the distribution and movement• of kril L 
consumer• has already been identified, and to obtain thi1 
information on krill itself i1 of equal importance. For ex4!11ple 
the influence that various ocean currents have on krill 
distribution m.ay very well determine which areas show a reaponse 
to krill fishing. In other ~rds, krill fishing and potential 
responses to it may not necessarily be evident in "indicator 
species" in the same area, but "downstream" of it. 

Physical factors between control and experimental sites must be 
compatible or at least w Ll understood othenri.se experiment al 
results will be · difficult, if not impossible to interpret. 
C.ontrol ling for time of year is · essential also. Variations in 
the behavior of consumers at different times in this annual 
cycle, as well as reproductive and size differences . in krill 
throughout the year, must be considered in the experimental 
design. 

Qu estion 3 

lvhat is the nature and adequacy of existing population data and 
what are the types of studies that would be required to establish 
a suitable basis (baseline) for detecting and monitoring changes 
and trends in potential indicator species and populations? 
Answer 3 

This question comprises t~ parts relating to data on populations 
that could serve as indicator parameters. 

l. How much do we currently know about these parameters, 
and 

2. What studies need to be undertaken to establish 
suitable baselines? 

The status of our current understanding of various growth, 
reproductive, population dynamics, and feeding parameters is very 
variable and is discussed in DX>re detail in the report of the 
Group of Specialists on Seals. Likewise, there are differing 
priorities for further research to establiah meaningful 
baselines. Relevant research recommendations are also made in 
the Group of Specialists on Seals' r~port. 

Question 4 

What are the types of long-term monitoring studies, including 
possible study locations and sampling freque.ncies (periods), that 
are likely to be most useful for detecting and assessing the 
possible significance of changes and trends in selected.indicator 
species or populations? 
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Ans1o1er 4 

In designing monitoring studiea it ia clear that long-term 
programmes DJlt be a priori.ty. To be effective, atudiea need to 
obtain replicate sets of comparable data over a period of years 
from several aites. Only in this way will it be pouible to 
separate fluctuations in indicator parameters caused by the 
neutral inherent variance, natural environmental changes, and/or 
those resulting from human perturbations. Such programmes will, 
of course, require a commitment to long-term funding to ensure 
continuity 1n data acquisition and so to their successful 
conclusion. 

A suggested design for monitoring studies is one in which several 
comparable study sites are chosen both in and out of target areas 
for the krill fishery. Ideally, these sites 1o1ould have a similar 
complement of species, physical factors, and krill availability, 
K:>reover, the ideal sites would be those expected to be 
commercially fished at differing intensities. It is unlikely 
that these ideal conditions can be met, but it should be possible 
to select some sites that will fulfill some if not all of these 
requirements. For example, a string of monitoring sites 
established from South Georgia to the Palmer Archipelago could 
monitor ecosystem status throughout the Scotia Sea. 
Consideration should be given to establishing study areas in the 
vicinity of Bird Island, Signy Island, Elephant Island, King 
George Island, Low Island and Anvers Island. 

Fur seals, which have now reestablished breeding sites throughout 
the Scotia Sea, should be a fruitful study speiies in these areas 
(pygoscelid penguins are found also at these sites). The 
sub-Antarctic islands of South Georgia, Kerguelen, Macquarie, 
Marion, and Heard may be useful areas for monitoring studies 
using elephant seals. Study sites in pack ice would be highly 
desirable . But here, again it must be emphasized our need to 
learn more about crabeacer and leopard seals' movements. Without 
that information, it will be difficult to monitor local changes 
in krill availability in areas without land-breeding seals. 
Because most areas of the Southern Ocean are without fur seal 
breeding aggregations to serve as monitoring sites, the 
importance of further studies on crabeater seals is emphasized. 

The sampling frequencies required at monitoring sites will vary 
according to the parameters being measured and the extent of the 
area ov,u which tr.:nd11 ar~ buing m0niton1d, Th11 detection of 
chanie~ at the local level would probably require annual 1ampling 
at comparable times, whereas sampling every five years might be 
sufficient to detect changes at the regional level. Similarly, 
indices with ·,hort lag times (eg feeding behavior, instantaneous 
growth rate) will merit annual sampling; for those with a longer 
lag time (eg age at sexual maturity, counts of land-breeding and 
pack ice seals), less frequent aam~ling would suffice. 
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Question 5 

What ia the ?()Uible utility of sighting data or other data that 
could be collected Op?()rtuniatically from vesaels engaged in 
fishing or other activities in the Convention Area and, if 
potentially useful, what are the types of data that 1hould be 
collected and hov should they be recorded. and reported to be 
optimally useful? · · 

Ans.-er 5 

It is very unlikely that seal sighting data or data acquired 
incidentally from fishing or support vessels vill be useful in 
indicating changes within the marine ecosystem. It should be 
emphasized that effective moni'toring studies must be tightly 
designed, carefully controlled, and periodically rep~ated (under 
similar circumstances), .-ith specific objectives in mind. 
Incidental observations from vessels of opportunity will not meet 
these criteria. Neither are seal census data from such vessels 
likely to be of value for estimating population size. Bo.-ever, 
data on diel haulout rates can be useful in helping to correct 
census data, but if useful observations of such haulout rates are 
to be made, trained observers should be used , lt is likely that 
scientific and relief vessels vill be more useful in this regard 
than commerical fishing vessels. Random censuses and 
opportunistic sightings reports shoulq be discoura~ed, 

Question 6 

What is the time that would be required to develop meaningful 
baselines and to detect different levels of change in selected 
indicators? 

Answer 6 

The time required to develop meaningful baselines and to detect 
significant changes of indicators will vary according to the 
parameter involved. It will take at least five observations (at 
similar times of the year) of each parameter to calculate 
meaningful estimates of year to year variance in unperturbed 
systems. Hence, as a minimum, .five years are required to 
establish baselines. The amount of time required to detect 
changes will depend on the variance associated with each 
parameter and on the actual rate of change if any_. It may be 
possible to detect changes of parameters vi.th very low variance 
within a year ·or two. Qungea of parameters with a very high 
variance may not be detected for periods of a decade or more. A 
second variable will affect the time required to detect changes 
in parameters in the lag time associated vi.th each. The longer 
the lag time between a perturbation and • subsequent change in 
the associated indicator variable, the longer the time needed to 
detect a change. Therefore, the parameters expected to be most 
sensitive to change on a short time scale vill be those vi.th low 
inherent variance and short time lags. 
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Geographical boundaries of the area addressed under the Convention 
for the Conservation of Antarctic Marine Living Resources 

Total catches of Antarctic krill in the Southern Ocean 

Distribution of principal concentrations of Antarctic krill 

Trends in crabeater seal age at maturity as estimated from 
ovaries 

The changes in the biomass of fish stocks in the North Sea 

Increase in the pup counts of Antarctic fur seals 

Interspecific correlations between krill consumers and baleen 
whale biomass 

Crabeater seal ages at sexual maturity as estimated from tooth 
backcalculations 

Analysis of crabeater seal age at maturity estimated from tooth 
backcalculations 

Figure 10. Relationships between crabeater seal age at maturity, relative 
representation of seal cohorts and whaling 

Figure 11. Anchovy catches during the pelican breeding season; 1979 increase 
in pelican productivity; and anchovy reduction catch 

Figure 12. Relationship between brown pelican productivity and anchovy 
spawning biomass 

Figure 13. Location of proposed sites in a shore-based network for 
ecological monitoring 

Figure 14. Location of six recommended shore-based monitoring sites 

Table 1. 

Table 2. 

Table 3. 

Table 4. 

Table 5. 

Table 6. 

Annual catches of Antarctic krill during early development of 
the fishery 

Nominal catches of Antarctic krill by country and fishing area 

Composition of fishing fleets operating in the Southern Ocean 

Postulated effects of an intensive krill fishery 

Effects of removing predators 

Indicator species present at proposed land-based monitoring 
sites in the Scotia Arc 
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Limites geographiques de la zone relevant de la Convention sur 
la Conservation de la Faune et la Flore Marines de l'Antarctique 

Prises totales de krill antarctique dans l'ocean Austral . 

Repartition des concentrations principales de krill antarctique 

Tendances dans l'age a la maturite ,sexuelle des phoques crabiers 
d'apres l'examen des ovaires 

Changements dans la biomasse des stocks ichtyologiques de la 
mer du Nord 

Accroissement de la population des petits de phoques a fourrure 
de l'Antarctique 

Correlations interspecifiques entre les especes predatrices de 
krill et la biomasse de baleines mysticetes 

Ages a la maturite sexuelle des phoques crabiers d'apres les 
calculs a rebours appliques aux coupes dentaires 

Analyse de l'age a la maturite sexuelle des phoques crabiers 
d'apres les calculs a rebours appliques aux coupes dentaires 

Relations entre l'age a la maturite sexuelle des phoques 
crabiers, la representation relative des cohortes de phoques, 
et les expeditions de chasse a la baleine 

Prises d'anchois au cours de la saison de reproduction des 
pelicans; accroissement en 1979 de la productivite des pelicans; 
et diminution de la prise d'anchois 

Relation entre la productivite des pelicans bruns et l'ai:ipleur 
du stock reproducteur d'anchois 

Position des sites proposes dans un reseau cotier pour le controle 
ecologique 
Location de. six sites de controle cotiers recommandes 
Prises annuelles de krill antarctique au debut de l'expansion 
des operations de peche 

Prises nominales de krill antarctique par pays et par zone de 
peche 

Composition des flotilles de peche operant dans l'ocean Austral 

Effets postules d'operations intensives de peche de krill 

Effets dus a la capture des predateurs 

Especes indicatrices presentes aux sites de controle cotiers 
proposes a l'Arc du Scotia 
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reorpa¢HtteCKHe rpaHH~ 3OHhl neHCTBHR KOHBeHUHH 0 
coxpaHeHHH MOPCKHX ~HB@X pecypCOB AttTapKTHKH. 

O6mH8 B@nOB aHTapKTHttecKoro KPHTTH B MOPRX AHTapKTHKH. 

PacnpeneneHHe OCHOBH@X KOHUeHTpaUHH aHTap1<THqec1<oro 
KpHnR. 

TettneH~HH H3MeHeHHR BO3pacTa nonOBO3penocTH TIDneHeH-
1<pa6oenoB (no HccnenoBaHHro RHqHHI<oB). 

H3MeHeHHR 6HoMaCChl p@6H@X 3anacoB CeBepHoro MOpR. 

YBenH'!eHHe KOTTH'!eCTBa meHKOB aHTapKTHttec1<oro MopcKoro 
KOTH.Ka. 

PHCYHOK 7. Me*BHgOBhle B3aHMOCBR3H Me)K.Uy BHnaMH, nHTaIDmHMHCR KpH
neM, H 6HOMaCCOH rnanKHX KHTOB. 

PHCYHOK 8. Kone6aHHR BO3pacTa nonoBO3penocTH TIDnetteH-1<pa6oenoB 
(no pe3yn1:,TaTaM o6paTHoro pactteTa no 3y6aM). 

PHCYHOK 9. AHanH3 Kone6aHHH BO3pacTa nonOBO3penocTH TroneHeH-1<pa-
6oenoB (no pe3yn1:,TaTaM o6paTHOro pactteTa no 3y6aM). 

PHCYHOK 10. B3aHMOCBR3H Me*nY BO3paCTOM rronoBO3penoCTH TIDneHeH-
1<pa6oenoB, OTHOCHTenbHblM COCTaBOM no noKoneHHRM H 
KHTO0OHH@M npoMHcnoM. 

PHCYHOK 11. YnoBhl aHttoyca B TetteHHe ce3OHa pa3MHO*eHHR nenHI<aHoB; 
pocT BOC~POH3BOnCTBa rrenHKaHOB B 1979 r.; H CHH~eHHe 
I<OnHqeCTBa aHttoyca nyTeM OTnOBa. 

PHCYHOK 12. B3aHMOCBR3J:, BOCITPOH3BOncTBa 6yporo nenHKaHa H 6HOMaCChl 
HepecTywmero aHttoyca. 

PHCYHOK 13. MecTonono*eHHe 6eperOBhlX CTaHUHH npennaraeMOH ceTH 
3KonorHtteCKOro MOHHTOPHHra. 

PHCYHOK 14. MecTonono~eHHe mecTH npennaraeMHx 6eperOB@X CTaHUHH 
MOHHTOPHHra. 

Ta6nHua 1. E~eronH@H B@nOB aHTap1<THttec1<oro KPHTTR Ha paHHHX CTa
nHRX pa3BHTHR npoMHcna. 

Ta6nHua 2. HOM.HHan:r,H@H B@nOB aHTapKTHtteCKOro KpHTTR no CTpaHaM H 
pa8O1-1aM rrpoMHcna. 

Ta6n11ua 3. CocTaB rrpOMhlCTTOB@X ¢nOTHnHH, neHCTBYIDmHX B MOpRX 
AHTapKTHKH. 

Ta6nHua 4. TeopeT11ttec1<oe Bo3ne8cTBHe HHTeHCHBHoro npoMHcna 1<p11nR. 

Ta6nHua 5. Bo3geHCTBHe ycTpaHeHHR xHmHHKOB. 

Ta6nHua 6. BHn@-HHgHI<aTop@, o6HTawmHe B MecTax npenrronaraeMoro 
ycTpOHCTBa 6eperoB@X CTaHUHH MOHHTOpHHra no rsyre CKO
TJ.j:H. 
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Limites geograficos del area tratada en la Convenci6n 
sobre la Conservaci6n de los Recursos Vivos Marinos 
Antarticos 

Capturas totales de krill antartico en el Oceano Austral 

Distribuci6n de las concentraciones principales de krill 
antartico 

Tendencias en la edad de las focas cangrejeras al alcanzar 
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