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Abstract

Stable isotope analysis can be used to determine diet and trophic level of an animal. It is
well known that the stable isotope ratios show a stepwise enrichment along trophic levels in
marine and terrestrial ecosystems. Trophic relationships were investigated for seabirds and
fish species sampled in the Japanese Southern Bluefin Tuna longline fishery using the method
of 8°C and 8"°N analyses. In seabirds, there were seabird species indicating low 8"°C and
8'°N values such as King penguin and Cape petrel, species with high values such as
Wandering and White-capped albatrosses, and species with a wide range of values by
individual such as giant petrels and dark colored albatrosses. The prey of seabirds, by species
and by individual, in the Southern Ocean may vary over a wide range of trophic levels. In
tunas and tuna like species, Southern bluefin and Bigeye tunas, Black and Striped marlins and
Swordfish occupied similar trophic levels, while only Albacore occupied a low trophic level.
The stable isotope technique can thus make clear the trophic relationships of marine
organisms in the Southern Ocean ecosystems.
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Introduction

Stable isotope analyses of consumer and prey tissues represent a valuable method of
assessing trophic relationships in marine and terrestrial ecosystems. The stable isotope ratios
(8"°C, 8'°N) show a stepwise enrichment along trophic levels. Consequently, nitrogen isotope
ratios in animals reflect the trophic levels within food chains, increasing by 3 to 4 %o per
trophic level. In contrast, animal 8'°C corresponds closely to diet. Seabirds such as albatross
species feed on various kinds of prey, including fish, cephalopods, crustaceans, carrion of
animals and offal from fisheries. In this study, we examined the ecological segregation in
trophic relationships of marine organisms including seabirds, teleost fishes and
elasmobranches in the Southern Ocean using stable isotope analysis.

Materials and Methods

The muscle tissues of 9 albatrosses, 6 other petrels, 2 other seabirds, 3 tunas, 3
billfishes, 21 other teleost fish species and 5 elasmobranches were obtained from the scientific
observer program of the Japanese Southern Bluefin Tuna longline fishery between 1998 to
2003 (Appendix 1). Muscle tissues from these organisms were ground to fine powders and
lipid extracted using a chloroform : methanol (2:1) solution. Carbon and nitrogen isotope
ratios were measured by a Finnigan MAT 252 mass spectrometer joined to a EA 1110
elemental analyzer. Isotope ratios were expressed as %o deviations from standards as defined
by the following equation:

8C, 8"°N = {(Reample / Rstandara) - 1} * 1000

where R = °C/"2C or "N/"N. Peedee belemnite and atmospheric nitrogen were used as the
carbon and nitrogen isotope standards, respectively.

Results and Discussion

In seabirds, King penguin and Cape petrel exhibited lower 8'°C and 8'"°N values than
the other seabirds, possibly because these birds feed on prey of low trophic levels (Fig. 1). In
contrast, 8°C and 8N values of Wandering and White-capped albatrosses and some
individuals of Northern giant petrel were higher than that of the other seabirds, possibly
because these birds feed on prey of high trophic levels such as fish and cephalopods (Fig. 1).
Giant petrels scavenge the carrion of animals such as seal and penguin, and dark colored
albatrosses feed primarily on fish, cephalopods, euphaussids and the carrion of animals by
diving and scavenging. Both giant petrels and dark colored albatrosses feed on various kinds
of prey occupying both high and low trophic levels, as suggested by the wide range of isotope
ratios in these birds (Fig. 1). Among closely-related species, Royal and Sooty albatrosses and
Northern giant petrel were enriched in heavier isotopes as compared to Wandering and
Light-mantled sooty albatrosses and Southern giant petrel, respectively (Fig. 1). Differences
in food habits between the closely-related species can be inferred from differences in their
8"°C and 8"°N values.

In fish species, '"°C and 8'°N values of tunas and billfishes were higher than that of the
other fish species, suggesting that these fish feed on prey of high trophic levels (Fig. 2).
Southern bluefin and Bigeye tunas occupied similar trophic levels, while Albacore occupied



lower trophic levels compared with other tunas (Fig. 2). The 8"°C and 8"°N values of Southern
bluefin tuna were similar to that of Escoler, Bigscale pomfret, Silver gemfish and Blue shark
as well as Bigeye tuna suggesting that these species occupy similar trophic levels (Fig. 2).
Black and Striped marlins and Swordfish occupy similar trophic levels as suggested by the
range of overlap in isotope values of these species (Fig. 2).

In elasmobranches, Thresher shark may occupy a high trophic level because of the high
isotope ratios for this species (Fig. 2). Blue shark and Shortfin mako may occupy similar
trophic levels to tunas and tuna like species due to the similar isotope ratios of these species
(Fig. 2). Porbeagle and Sting ray are likely to feed on prey of low trophic levels as suggested
by their low isotope ratios (Fig. 2).

In conclusion, seabirds, teleost fishes and elasmobranchs feed on various kinds of prey
occupying low to high trophic levels as can be determined by stable isotope analysis of these
marine organisms. The stable isotope technique can thus make clear the trophic relationships
of marine organisms in the Southern Ocean ecosystems.
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Fig. 1. 8"°C and 8'"°N values of seabirds in the Southern Ocean.
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Fig. 2. 8"°C and 3'"°N values of teleost fishes and elasmobranchs in the Southern Ocean.



Appendix 1. List of species name of teleost fishes, elasmobranchs and seabirds.

Japanese name

Scientific name

English name

Teleost fish

Sy dyAn| Thunnus maccoyii Southern bluefin tuna
EvFH Thunnus alalunga Albacore

AINF Thunnus obesus Bigeye tuna
ohdx Makaira indica Black marlin
ThiFx Tetrapturus audax Striped marlin
AhTFx Xiphias gladius Swordfish
Thr=4 Lophotus capelleri Crestfish
TUHANE Trachipterus trachipterus Deal fish

IRy Mola mola Ocean sunfish
SXF Alepisaurus ferox Longnose lancetfish
VEOEV Ak Alepisaurus brevirostris Shortnose lancetfish
FHIURY Lampris guttatus Opah

SFITUEA Lampris immaculatus Southern opah
FAHhIh<R Rexea solandri Silver gemfish
7I75VaLY Lepidocybium flavobrunneum Escoler

INTLY Ruvettus pretiosus Oilfish
NOFHIBEF Nesiarchus nasutus Black gemfish
ROTFUIH Bentenia aesticola Pacific fanfish
ROYAOF Taractes asper Rough pomfret
ELoOv YAt Taractichthys steindachneri Sickle pomfret

EvI Rr—ILRTLyk Taractichthys longipinnis Bigscale pomfret
ZILRAYF Brama brama Atlantic pomfret
HARO Gasterochisma melampus Butterfly tuna
TERYFA Allothunus fallai Slender tuna
Za—T—FUFFFN\R Polyprion oxygeneios Hapuka
SFIAFATA Cubiceps caeruleus Blue fathead
JaFHATA Centrolophus niger Rudderfish
Elasmobranch

K& wavl Alopias vulpinus Thresher shark
ZORRXIHA Lamna nasus Porbeagle

FAHA Isurus oxyrinchus Shortfin mako
JLFYHA Prionace glauca Blue shark
Hh3RATA Dasyatis violacea Sting ray

Seabirds

FAIIRUFXY Aptenodytes patagonicus King penguin

DR TERIEY Diomedea exulans Wandering albatross
ayikoky Diomedea epomophora Royal albatross
E¢=RyAnld XylNy| Diomedea melanophris Black-browed albatross
A =7 Lyl ) Diomedea cauta White-capped albatross
INABLSTERDIEY Diomedea chrysostoma Grey-headed albatross
FNFTHRIRY Diomedea chlororhynchos Yellow-nosed albatross

Za—U =S F7HRIKY
ARAAFHRIRY
nNAA4a7HRIRY
FATILIAEA

TS aPAATILIAEA
IZSTILIHEA

73T AIXF XK
AANA4A3XFFKY
TH7IXFFRY
FoXAVAA DT IhEA

Diomedea bulleri
Phoebetria fusca
Phoebetria palpebrata
Macronectes giganteus
Macronectes halli
Daption capense
Procellaria aequinoctialis
Procellaria cinerea
Puffinus carneipes
Catharacta maccormicki

Buller's albatross
Sooty albatross

Light-mantled sooty albatross

Southern giant petrel
Northern giant petrel
Cape petrel

White-chinned petrel
Grey petrel

Flesh-footed shearwater
South polar skua
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